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COMPLEXIMETRIC INDICATORS: CHARACTERISTICS AND APPLICATIONS

Abstract Jasic 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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2. Bromopyrogallol Red
3. Calcein
4. Chromazurol S
5 • Eriochrome Cyanine R
6. Gallein
7. Netalphthalein
8. Methyl Thymol Blue
9. Pyrocatechol Violet
10. Thymolphthalexon
11 • Xylenol Orange
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12 • Acid Chrome Dark Blue
13. Calmagite
ik. Eriochrome Black T
15 • Eriochrome Blue Black R
i6. Icalces
17. PAR
18. SPLDNS
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20. Therm
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SUBJECT INDEX

INTRODUCTORY RJARKS TO COLLECTED DATA ON COMPLEXIMETRIC INDICATORS

Up to the present, a large number of papers have been devoted to the study
of complezation reactions between metal ions and indicator ligands. Several
years ago,attempts were made to compile the data on reactions used in corn—
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 si-
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 bave 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 systenwhere 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 eqi.zilibrium 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 liands 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 8, 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—OH group, however in the presence of complexod metal ions the o—OH
proton is initially replaced by the metal ion because this is favoured by
the ohelate 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 wor-
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
aqueous 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 riot cover data for mixed (ternary) complexes.
Their occurenco 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 manner 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.

Following abbreviations have been used for solvents, when they
are different from water:
BuOH - butanol
DMF — dimethylformamide
EtOH — ethanol
NeOH — methanol
PoOH — pentanol
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INDICATOR CHARACTERISTICS

I• TRIPHENYLMETHANE INDICATORS

1 • ALUMINON

yUOfl3'5 Chrome Violet
Chrome Printing Violet
Ultra Violet
(some authors and producers use the name Aluminon for the tn..
ammoniuin salt)

Chemical names:
3is (3-carboxy-4-hydroxyphenyl) xnethylene] -6-oxo-1 , 4-cyclohexano-
dione- I -carboxylic acid
4,4 —Dihydroxyfuchsonc—3, 3 3.tnicarboxylic acid
Aunintnicarboxylic acid

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

IIOOC COO1I

HO

H5L

Protonation constants of the indicator

log
OH

log
—OH

K2 log K3
-COOH

Conditions Ref.

13.7 3.89 1

13.0
8.85
9.76

8.65
8.93

3.9
O.IM NaCIO4,
1=0.02

25°C
25°C

2
3
4

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

Metal ion Reaction log K Conditions Ref.

A1 Al3'+H4L' = A1H4L2 16 •6 5

3+ Ga3'+H4L = OaR L2 14.75 6

Spectral Characteristics of the indicator

Conditional stability constants of 1''°

Metal ion Metal:Reagent ratio log IC Conditions Ref.

Al (lu) 1:1
1:1

5 •5
4.2

p11 4.5
pR46

2,7
8

J3e(II) 1:1
1:1

4.5
4.2

pH 5.5
pH 4—6

9
8

Ce (iii) 1 :1 4 •2 p11 6 10
Cu(II 1:2

1:1
1:2
1:1
1:2

8.8
8.3
3.5
9.3
3.8

pH 6
pH 2—3.8; 1=0.1
pH 3.4 1=0.1

1=0.02

9
11

4

DyIII) 1:1 4.9 pH 6 12

Er1II 1:1 5.0 pH 6 12

Eu(III) 1:1 4.6 pH 6 12

Fe(III) 1:1 4.7 pH 4. 9

Gd(L[I) 1:1 4.7 pH 6 12

HoIII 1:1 4.9 pH 6 12

Lu(III) 1:1 5.4 p11 6 12

Nd(IlI) 1:1 4.4 pH 6 12

Pr(EEI) 1:1 4.3 pH 6 12

Sc(III) 1:1 4.6 p11 5.5 13
n(III) 1:1 4. p116 12

m(iv) 1:1
1:1
1:2
1:3

5.0
8.3
3.1
2.8

p115.0
1=0.1, 25°C

9
3

m(iii) 1:1 4.7 p116 12

m(ixi) 1:1 5.1 pH 6 12

u02 (ii) 1:1
1:1
1:2
1:3

4.8
7.4
3.0
2.7

p11 5•5
1=0.1, 25°C

9
3

Yb(Lt]) 1:1 5.2 pH 6 12

Ion
Xniax2hh1

Ref.

112L 535 pink-red I

11L4 - yellow I

L red—violet I

L(01)6'' — colourless I
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SDectral characteristics of metal.indicator complexes-__•*_- -: --

Metal ion Metal:Roagont
ratio

X nmmax e x1Omax
Colour Ref.

Al (iii 1 :1 510 1 • red 2

Fe (III) 1:1 530 2 •2 violet 1 I

In(IIi) 1:1 530 0.& violet 1k

Lanthani-
des(III)
U0

1:1

1:1
2:1

5240

535 0.7k
1.2

.violet
red

12

15

Purification of indicator has been carried out by extraction of impurities
with hot ethanol Réf. i6) or by precipitation of the free acid (IiL) by
hydrochloric acid from alkaline solutions. The precipitate aS iiasod with
iater, ethanol and diethylether and dried at 25 C (Ref. 1)

The indicator is noa1 used as o.% aqueous solution.

Applications of the indicator. Direct titrations of: Al (p11 k.k, Cu (p11
B.9), Fe (pH 1
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(196€)

2 • BRONOPIROGALLOL RED

nonyms:
Chemical names:

2 ,7..DiJbromo.k, 5,6trihydrox —3oxo9. (2' ...suip1ophenyl 3H..xanthen..9yl
2 2, 7—Dibromo.1& ,5, 6trihydrox 3'oxo..3H...xnthen..9.yi) benzonesul
phonic acid
3,3 Dibromosulphongallein

Colour index:
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OH Oil

S03H

cgj

Protonation constants of

log K1 log K2 log K3
OH —OH —OH

(at car-
bon 6)

X Data,
1=0.5

Stabili c star ts of metal-indicator conipiexes

Metal ion Reaction log K Conditions Ref.

Ge (OH) Ge (OH) ÷3H2L2 =

= Ge (on) 3(H2L) 12.9 0. 1M NaNO3 4

Th4' Th4+H3L7 ThH2L+H 4.36 3

UO Uo'÷H3i7 UO2H2L+H

L (Uo2)2L+2lI2

—O.56

0.O2

3.18

2M NaNO ; 30%
EtOR

0.114 NaNO3;
30% EtOH

0.114 NaNO
30% EtOH

8

in presence of metal excess

presence of ligand excess

the indicator

log K4 Conditions

0Il'

Ref.

11.47 9.21 5.18 2.43 lx
11.27 9.3 4.39

3.88
0.16 O.2NKC1 2

3

11.59
11.44
11 .25

11.30

9.13

9.16
9.03
8.95
8.89
9.39

4.39
5.24.o
4.37
4.30
4.21
4.33
4.78

0.9

—0.10
O.l9
0.24

0.114 NaNO
0.114 NaCl,
0.114 NaNO
0.314 NaNO3
0 •614 NaNO3
1.014 NaNO3
1=0.1
1=0.1; 30%
1=2.0; 30%

EtOll
EtOR

4
5
6

7
8

especially for log K4 unreliable
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41-4 1 4 constants of comtlexes

Metal ion Metal:Reagent ratio log K Conditions Ref.

Cu(II) 1:1 7.6 9
Co(II) 1:2 9.31 pH 5.5.7.0; 1=0,

50% EtOH 10

Ni(II) 1:2 6.00 pH 6.0—7.5; I=O
so% EtOH 10

Nb(V) 1:2
1:3

12.0
18.4

p11 6
pH6

11
11

Pb(II) 1:1 6.28 pH 5.5 12

SbIII 1:1 .j pH 6.6..6.8 13

Sn(IV) 1:2 11.12 pH 1.7 5

m(n 1:2 10.2 pH 5 3
w(vi) 1:1 5.4 pH 4.7; 1=0.1 14

Zr(IV) 1:1 9.05 pH 5.2 15

Steotral characteristics of the indicator

Ion Xm ' Colour Ref.

HL 472 2.7 yellow 16

H417 yellow 6

46
472

2.lo(X=44o)
2.6

8

16

H3L 434—438 1.56 orange 6

525..530

437

436

1.43

1.60

1.3

orange

red

6
8
16

H2L2 558564 5.81 red 6

565
557

5.13

4.4 violet

8

16

11L3 554—560

56
565

2.27

1.7

1.75

violet

violot

violet

6
16
8

596—600

595

2.77

2.2

blue

blue

6

16

SDectral characteristics of--- - —

Metal ion
-

Metal:Reagent
ratio >'fllftX

- -

ernaxx10 Colour Ref.

Co(11) 1:2 620 2.9 blue 10

Cu (Ix) 1:1 619 1 .25 blue 9

Er(I1I) 1:2 62 3.51 17

Ge (Iv) 1:2 550 2 •05 red...vioiet 18

La (III) 1:2 658 3.5 blue 17
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Sn'ctra1 eharaeteristies of metal..indicator comDlexea(Cont.

Metal ion Metai:Reagent
ratio

X ain x x1Omax Colour Ref.

Pb (u
-

1 :1 630 0.5 blue 12

Sb III 1:1 590 3.9 violet 13

Sn(IV) 1:2 493 2.0 red 5

m(iv) 1:1
1:2
1:2

596
630
645

2.5
6.3
5.0

violet
blue

3
3

19

uo2(u) 1:1
2:1

565
56

0.9
2.51

violet
violet

8
8

w(vi) 1:1 530 0.8 14

Zr(IV) 1:2 670 7.0 violet 15

Iurifieation ofinclicator has been carried out by crystaBization from 50%
ethanol.An efficient purification (Ref. 8) has been obtained by chromato..
rap]aic separation on a polyamide column pro—washed with HC1 (1 +4) . The in-'

dicator was dissolved in methanol with the addition of 1% hydranine hydrate.
After adsorption on the column yellow impurity was first elutod with 1101
(1÷4) , then a red product which was identified as Pyrogallol Red iias eluted.
The column was finally washed with rater and the pure J3romopyrogallol Red
was elutod by ammonia (1 +8) , containing 1 % hydrazine hydrate . The acid form
of the indicator as immediately precipitated from the eluate using 1101 (1 +i
dissolved in ammonia containing i% hydrazine hydrate and roprecipitated
with Cl (i+i) . The solution containing the precipitate as rapidly heated
to 80 0 and then cooled with ice. The precipitate was filtered off, washed
with a small amount of cold water and dried over KOil and silica eel.

Purity check 1ef.8). The purity may be chocked by thin—layer chromatogra-'
phyoxiinicroérystalline cellulose using butanol -' acetic acid — water
(4+i +5) , n—propanol water (1 +i) and methanol -' water (1 ÷1) systems.

The indicator is norma1 used as 0.05% solution in o% ethanol.

'1ica1 lication of' the indicator. Direct titrations of Bi (p11 Cd

(pH 9.3), Mg (pH Id), Mn (ph Id), Lanthanides (p11 7); it has been especially
recommended for a3ltum determinations by back-'titration of the excess of'
EDTA with iIiI at pH 2., Also in back.titration determination of Co,
Cu, Ga, In, Pb, Th, Ti, VO with Pb(II) solution as titrant at pH 5, and
Bi, Fe (III), Ga, In, TI with Hi (III) solution at pH 2-3.
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3. CALCEIN

Synonynz: Fluorescein Complexone
Fluorexon

Chemical names:
6..Hydroxy—2, 7.bis(N,N...bis..oarboxymethyl) aminomethyl—3-.oxo-.9-.
(2' —carboxyphenyl) .-3H.-xanthen—9..yl,7—Bis [N,N_di(carboxymethyl) aminonzethy -fluorescein

L(3" 6' —Dihydroxy-.fluoran—2', 7' .diyl) bis_methylenenitrylo] tetraaceticacid
2', 7' -.113is [N, N-bis (carboxymethyl) aminozuethyl] -3', 6' -dihydroxyfluoran
N, N' - 3',6' .Dihydroxy..3-oxo-1 , 3-dihydro...9' II.spiro [isobeuzofuran..
-1,9' .rxantherJ -2', 7' _diyl_bis_methylenej -bis LN.. (carboxymethyl) gly-.
cine]

Colour index:

H000H2C

NN. :':II2N,,,, Ii6L

HOOCHC I CH 00011
2 cooix 2

cg
Protonation constants of the indicator

log K1 log K2 log K3 log K4 log K5 log K6 Conditions Ref.

f+ —OH —000R -COOH —COOB

12.0

>12.0

10.1 .k 4.1 2.9 2.1 O.1I'l KC1
30% EtOH

10.5 9.0 5.4 <4 0.114 KC1 2

Stability constants of metal-indicator complexes

Metal ion Reaction log K Conditions Ref.

Cu2 Cu2+H4L2+H3L3 = 10.4 1=0.1

= Cu(H49(H3L)3

3

cu2++H2L4 = CuH212' 8 • 3

2Cu2+÷L6! = Cu2L2 28.9
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Spectral cb racte Stis of the icicator
The less ju'otonated tonns are yellow—roáe coloured. No accurate spectral
data are available.

Spectral characteriatica of metal-indicator complexes

Metal ion Metal:Reagent ratio Xnlax Emax0' Ref.

Cu(II) 2:1
1:1
1:2

1e90
1+95
1+80

3 • 91
2.79
3.68

3

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 ropre-
cipitation of commercially available calcein.

Crystallization: The commercially available calcein was dissolved in 50%
aqtieóus methanol at 60°c and fitered using low ash filter paper. The f ii-
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.

Reprecip.tation: The commercially available calcein was dissolved in a
imaflamourit àf 0.1M NaOH, diluted with 5—10' aqueous methanol, acidified
to pH 2.5 with H01 and allowed to stand at 0 C overnight. The crystalline
product was treated as described above.

The indicator is used in a solid form diluted with KNO3 (1:100).

picai a1ieations o± the indjeator. Direct titration of Ca(II at p11>13.
Alo in hac1—titraton deteimination of Al, Cr, Cu, Fo(II1 , MoV, m,
VO + with Cu(LE solution as titrant at pH 4.5—5.

REFERENCES

1 • N. Iritani and T. Niyabara, &usekiKaku, 22, 174 (1973).
2. D.F.H. Wallach, D.M. Surgenor, J. Soderbeig and E. Delano, Anal.Chem.,

31, 46 (1959).
3. Niyahara, UunsekiKaUcu, 26, 615 (1977).

4 • CHROMAZUROL S

Synonyms: Alberon
Chromoxan Pure Blue BLD
Eriochromazurol S
Gallochromc Brilliant Blue ELD
Polytrop Blue B
Solochrome Brilliant Blue B
Reinhellblau DLI)

Chemical names:
boxy4-hydroxy—5-methyl—phonyl) (2, 6-dichioro-3-suiphophenyl)

—methyleno) —5—methyl—6—oxo— I ,4—cyclohexanedieno—1—carboxylic acid
3" —Sulpho—2' 6" —dichloro—3, 3' —dimothyl—4—hydroxyfuchsone5,5..dicar..
boxylic acid

Colour index: 0.1. 43825, Mordant Blue 29
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Protonation constants of the indicator

I-14L

Metal

A13"

Reaction

Al'+L4' = A117

Al3+2JJ' = AlL
Al3+2HL3 = Al(H1)

Al3'+2HL3 = Al(H1
Al3+HL3 A1}IL

Be2+H113' = BeHI7

2Be2++2L4 = Be2L2

2Be2++L = Be2L

Cr÷L = Cx,17

2Cr+L = Cr2L2+
Cr+2L4' = CrL'

2cu2++Ll = Cu2L
Cu2+HL = CuHI7

= Fe17

2Fe+L = Fe2L2
2Fe+2L = Fe2L'

5. 20
9.64

16.82

16.1

5.17

11.84 0.114 NaCIO4

26 •8

15.8

4.0 0.114 NaClO4

5.9
8.6

13.7 1=0.1

4•02

15.6 1=0.1

20.2

36.2

Cool.'

CiYtCl
SO3H

log K1
0H

log K2
C00H

log K3
—COOH

log K4
=0H

log K5

..SO3H

Conditions Ref.

11.47 4.86 2.45 1=0.2 1

11.52 4.73 2.28 Q•14 -2.2 0.IMKC]. 2
11.81 4.71 2.25 0.114 KC1 3
11.79
12.4

4.88
5.0

2.37
2.3

...k.8

.2
0.114 NaN0,,
1=0.1

4
5

11.75 4.88 2.25 .1.2 1=0.1 6
12.21 4.92 2.27 1=0.1 7

Stability constants of motalindioator compiexesX

ion log K Conditions Ref.

0.614 NaClO4

I < 0.01

1=0.1

Cr3+

2+Cu

8

9

10

11

12

13

3
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S±abilftv eonatants of metal—indicator coinDlexes (Cont.

Metal ion Reaction log K Conditions Ref.

2Fe+2L4 = Fe2L 37.6 0.114 KC1 15

Fe31'+21Uj3 = Fe (1111) 6.4 16

Ni2 Ni21!+2L = NiL 9.26 1=0.1 17

Pd2 2Pd2+L = P12L

2Pd2++2L = Pd2L

Pd2+HL3 = PdHI7

9.80

15.27

4.9

0.114
NaNO3

18

Sc3 Sc3+HL3 = ScHL

Sc3+211L3' = ScHL

5.12

11.94

19

jk+ TjoH"+m33= Ti0H21fl? .64 20

U0 U0'+HL = UO2HI7

2U0+L = (1302) 211

11.6

18 • 3

1=0.1 4

X in the case of formation of monoprotonated complexes the seqen
ce of replacement of protons through metal ion is different than
that in the case of deprotonation in absence of metal ion.

probably this is a constant for A1HL.

Ornidi tional stability constants of coniDlexes

Metal ion Metal:Reagent log K Conditions Ref.
ratio

Al(III) 1:1 4.3 pH 4.0, 0.214 ICC1 21

13e(II) .1:1 4. p11 6.0, 0.114 NaC1O4 22

Cd(I1) : 1:2 9.0 pH 11.0 23

Co(I1) 1:2 8.0 pH 10.5—11.5 24

Cu(II) 1:1 4.1 p11 6., 0.114 NaC1O4 25

Dy(III) 1:1 4.4 pH 6.0 26

(III) 1:1 4.6 p116.0 2&

Fe(III) 1:1
1:1
2:2

4.9
4.5
14.7

pH
pH
pH

3.0, 0.114 NaCIO,
3.44, 0.114 NaCl4
3.44, 0.114 NaC1O4

21
27
27

GacIII 1:1 6.3 28

ociii 1:1 4.7 p11 6.0 26

Hfc1V 1:1 4.8 p11 2.0 29

110(111) 1:1 6.4 pH 6.0 26

1uIII 1:1 4.6 p11 4.0 21

MgII 1:2 9.3 pH 11.0 21

Pd(II) 1:1
1:1

4.9
4.75

pH
pH

4.o
3.58.0

21
30

Sc III 1 :1 5 • 6 pH 5 •0 21

Sin (II]) 1:1 5 • I pH 6.0 26
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Conditional stability constants of complexes (Cont)

Metal ion Metal:floagent log K Conditions Ref.
ratio

Tb(IIi 1:1 4.8 pH 6.0 26

TIL civ) 1: 1 -'4. p11 4.5, 0 • 1511 NH4NO 31
1:2 11.3 p11 .6 32

Ti(IV) 1:1 4.5 pH 4. 29
U (VI) 1 :1 4 • 6 pH 5.0 33

Y(IIi 1:1 4.3 pH 6.0 21

ZrIV 1:1 5.0 pH 2.5 29

eris tics the die

Ion >max axX14 Colour Ref.

H 542 7.8 p113k 2

545,399 rod-violet 12

H4L 466 2.3 2
541,399 s.5X=54o red.violot 12

H3L 466 2.3 orange 2
469 1.15(X=500 orange 12

H L4 490 2.24 red 22
499 1.49(X=500 red 12

1u3 430 2.24 yellow 2
429 yellow 12

598 7.56 blue 2
598 5.53(X=600) blue-.violet 12

Spctrai char eter sties m udico complexe

Metal ion .Metai:Reagent Xn exiocoiour Ref.
ratio

Al (iii) 1 :1 red 21
1 :i (AnIL) 570 8 •5 11
1:1 (A1L) 546 6.4
1:2 545 7. 6. rod 10

5 9XL
1:3 5.1 :34

]3e (II) 1:1 (2:22?) 4o red 22
1 :1 (J3eL ) 490 2 •7 red 12
1:1 (BeHL7) 568 5.1 red.violot
2:1 (j3e2L) redviolet
2:2 (13e2L) 4o 7.0 red

ca(ii) 1:2 4o rod 23

Co (xi) 1 :1 567 3.9 blue 35
1:2 567 3.3 36

Cr(III) 1:2 560 redviolot 37
2:3 610 blue

Cu(II) 1:1 580 violet 25
1:1 4O rod 14
2:1 586 violet i4
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Spectral characteristics of metal...indicator m1t (Cont.')-.-
Metal ion Metal:Reagent Xm urn colour

ratio Ref.

Fe IiI 1 :1
1:1
1:1
1:3
2:2

570
570
596
630
582

red..violet
7.0

blue—violet
5.5 violet

21

38
3

39
3

Ga(III) 1:2 547 5.0 40

Hf(Iv) 1:1 510 red 29

In (iii) 1 :1

1:1
530
580

red
1.8 violet

21
4i

LaIIi 1:2 500 26

ii) 1:2 545 red 21

Ni(iI) 1:1 567 3.9 violet 35
Pd(Ii) 1:1

1:2
585
610

violet
43

21,30
40

Sc (iii) 1:1
1:2

560
550

red—violet
2.7 red—violet

21
42

m(iv) 1:1
1:2

550
554

red—violet
3.2 red.violet

31
32

i(iv) 1:1 520 red 29

u(vi) 1:1
1:1
2:1
1:1

585
590
585
582

violet
5.8 violet

2.0(X=590red

33
4

Y(ii 1:1 490 red 21

Zr (iv) 1 :1

1:2
330
560

red
4.1

29
43

X in urotropin buffer

XX in acetate buffer

Purification of the indicator (Ref. 4. The sodium salt of Chromazurol S
(commercial productj is converted into free acid by precipitation with hy-
drochloric acid (1 +1) . The non—sulphonatod 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 (HC1) and pure ethyl ether. Afterwards the
free acid of Chroniazurol S is precipitated from aqueous solution by hydro-
chloric acid (1+1). Purification in small amounts is possible by using pa-.
per chromatography (Ref. 45).

Purity check CReI. L4) was carried out by thin layer chromatography on sili-
ca gel using as iolvent 0.0514 EDTA in n—butanol — acetic acid — water(7+1÷3)
or i.propanol — 25% ammonia — water (8+1 +2). Several spots are usually ob-
tained, the highest is the non-sulphonated Chromazurol B present in variable
amounts.

The indicator is normal used as a 0.1—0.4% aqueous solution.

Typical applications of the indicator. Direct titration of Al (pH 4), Ca
i), Cu (li 6—6.5, (pH io—ii), Ni 8—li) , Lanthani—

don (pH 8), Th (pH 2—3), V (p'1 4); especially recommended for Al (pH k,
Fe (pH 2—3), Th pH 2—3). Also in back—titration determination of Al with
Fe(III, CuII or ZnII solution as titrants at pH 6.
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Chemical names:
3 (3Carbox ..4..hydroxy..5riiethylphenyl) - (2—suiphophenyl) methylene]
.5-. metbyl—6—oxo..1 ,k.-cyolohoxanedione.-1-.carboxylic acid
2"—Sulpho..3, 3' —dimethyl—k—hydroxyfuchsone5,5' .-dicarboxylic acid
3,' -Dicarboxy.phenolsulphophthalein
5-(5(3_Carbox5i..methyl—4..oxo—2 ,5-.cyclohezanediene-.l —ylidene) —0—
—sulphobenzyl ..3—niethylsalicylic acid

Colour index: C. I. 43820, Mordant Blue 3

HO J3

H000 :I:i;::L C COOH

SO3H

H1L

Protonation constants of the indicator

log K1
—OH

log K2
COOH

log K3
—COOl!

lOg IC4
=OH

Conditions Ref.

11.83
12.1

5.74 1.46
2.32 <1.0

O.2M
1=0.1

ICNO 1

2
11.85 5.47 2.23 —4.9 0.114 NaClO1 3

Stability constants of metal—indicator complexes

= A1BL 14.1 1=0 •1

AlHL+2HL13' = Al(iii) ' 8• 1

= AIJ? 13.66 1=0.1

= AIUL 18.25

Al+2H'+L4 = A1H2J3 22.29

Be2'+IIL3 Be1IL 11.85 0.114 NaClO4

2Be2++2L4 = Be2L' 28.3

Fe17 17 • 9 0.114 KC1

2F+L4 = Fe2L2 22.5

2Fe+2L4' = Fe2L22 37.9

= Mg0HL' 8. 6 1=0.1

Metal ion Reaction log K Conditions Ref.

Al3

Be2

Fe3

2

3

5

In the case of formation of nionoprotonated complexes the seqtten—
oe of replacement of protons through metal ion is different than
that in the case of deprotonation in absence of metal ion.
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Conditional stability constants of complexes

iletal ion Hetal : Reagent
ratio

log K Conditions Ref.

Al (III) 1 :1 4.6—5.1 pH 4.5 6

Ga(III) 1:1
1:1

5.8
4.5—5.1

pH
pH

3.5
3.5

7
6

Gd(III) 1:2 9.8 8

jio(iii) 1:2 9.8 8

iu'(iv) 1:1
1:2

5.0
9.5

p11

pH
1.0
1.8

9

In(II 1:1 5.5 p11 3.5 7
1uIII 1:2 9.2 8

NdcIII 1:2 9.6 8

PrII 1:2 10.6 8

mi(III 1:2 9.7—10.3 pH 4.0 10

Sin(Iii) 1:2 9.6 8

TiILQ 1:1
1:2

5.9—6.9
10.4—11.6

p11

pH
3.8—4.5
3.8-4.5

11

Ti (III) 1:1 5 • I p11 3 •5 7

Thi(IlI) 1:2 9.6 8

v(iiI 1:1
1:2

5.0—6.0
10.2—10.3

p11

pH
3.8—4.5
3.8—4.5

11

v(v) 1:1 4.6 pH 3.0—5.5 12

Yb(IL1 1:2 9.1 8

Sneatral characteristics of the indicator

Ion >¼max r éaxXlO4 Colour Ref.

ii L7 510
522,398

red—orange
rod—violet

1

3

H4L 510
510 5.99(X=512)

red—orange
red—violet

1

3

H 480
476

red—orange
orange

1
3

H2 520
517 1.33(X=512)

red
red

I

3

HL 445
444

yellow
yellow

1

3

J]' 585
585 3.85

violet
blue—violet

I

3
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Spctral chracterietios of aiadica complexes

Metal ion Metal:Reagent n' EmaxX10 Colour Ref.

Al(III)

Be(II)

CrIII

1:1
1:1
1:3

1:1
2:2
1:1
2:1

1:1

6(A.l(H1 )
(Be11L7)

2
(fleL )

(Be2i)

4o
550
535

547
522
500
547

4o

3.2
4.3
8.4
4.6
7.98

2.6

violet
violet
red—violet

red
red

red

violet

13
2

3

14
Ga(LEI) 1:1 550 2.2 violet 13
Hf (ILl) 1:1

1:2
520
560

1 • 9
0.75

red
violet

8

Mg(II) 1:1 570 0.22 violet 4
m(iv) 1:2 530 4.0 19
Ti (III) 1:1 650 1 .02 blue 15

Zr(IV) 2:1 ko 3.2 violet 16

Purification of the indicator has been carried ojt as follows (Rf. 17):
4__ EXiOChrOZ11O Cyanixie R were dissolved in 60 cm water and 40 cia-' of con.
centrted hydrochloric acid was added with stirring. The roQipitated acid
was fltorod using a Bttclmer funnel and washed wth 1 0 cm of (1 +i) UC1 • The
moist precipitate was dissolved in about 100 en: of chloroform and filte..
red to remove the rernai5ing aqueous phase• The chloroform solution was ox..
tracted with two 100 cm portions of water, the combined aqueous extracts
'wore evaporated to dryness • The pxo due t was ground and dried for 1 hour at
60°c.

Puriy check (Ref. 1 8) iias been carried out by thin layer chromatography onsilica gel using as solvent 0.05M EDTA in n..butanol — acetic acid — water
(7+1+3) or i.propanol — 25% azninonia..water (8÷1+2) . Always appear two spots
of variable relative intensity belongni, to two structural forms of the dye.

flie indicatoris normally used as 0. 1 ..o.4% aqueous or 0. 1 % etlianolic solu-.
tion.

2ypical applicatiqns of the indicator. Direct titration of: Al (pH 5—6, Ca
cpHiI.5), Fo (I1 23D, Mg (JHb,7rh (pH 2-.2.5), Zr (p11 1.3—1.5).

HEFERENCES
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OH OH

HO:(:r0
COO"

0

(at 6)

Conditions Ref.

2
3

x

Protonation constants of the indicator

log K1 log K2 log K3 log K4 log K5
..OH ..OH —OH COOH =OH

carbon

11.5 6.7 4.6 1.5 1=0.45,10% EtOH
12.75 9.37 5.92 1.75

6.3 1.8 0.IM NaClO
6.11 4.80 1.53 1=1.0

11.24 9.20 5.87 4.63 1.48 1=1.0, 10% EtOR

also data for other ionic strengths were given.

Stabiiiy cozsans of
Metal ion Reaction log K Ref.

In0H2 0H2+2H5L = 1n0H(H3L2+kH 10.3 6

Conditional stabiiiy constants of coipiexes

Metal ion Metal:Reagent ratio log K Conditions Ref.

BiIII 1:1 5.2 pH 2.3 7

zrciv 3:2 4.79 pH 2.3 8

1156 COMMISSION ON ANALYTICAL REACTIONS AND REAGENTS

6. GALLEIN

Synonj: Pyrogallolphthaloin
Glleina

qllemical names:
5, 6..1rihydroxy-3—oxo-9- (2' -carboxyphenyl) —3H.xanthen—9-yl
4/ ',6' —Tetrahydroxyfluoran

4, 5—Dihydroxyfluorescein
3', 4', 5', 6' —Totrahydroxy—3—oxo—1 , 3-4ihydro—9' H—spiro[isobenzofuran
—1 ,9xantheno1

9Loux in4e: C.I. 45445, Mordant Violet 25

114L
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Sectrai characteristics of the indicator-
I16L2 452 2.46 1

H 460
466

2.40
2.67

1

H4L 46o-48o 2 •6 1 ,5

H3L7
H L22

507

530
540

1.00

3.32
3.82

5

1

5

I1L 567
532

2.00
1.55

1

5

575
580

2.2
2.07

1

5

Stectral characteristics of lnetai.-indicator conrniexes

Metal ion Metal:Reagont
.ratio

X netmax e x10'4max Colour Ref.

BilII) 1:1 574 1.57 violet 7
In IIi 1 :1

1:2
534
530

1 • 22
1.8

red-vioiet
red

9
6

Sn (iv) 1:4 495 6.5 red 4
ZrIV 3:2 530 0.77 red S

Purification of the indicator Oef. 11. The crude product may be purified
by acitylation.The acetyl derivative was crystallized twice from benzene,
m.p. of product 247..248°C. The acety]. 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.

Puri, check by potentiometric titration with sodium hydroxide in presence
ofascorbic acid (to prevent oxidation).

a2cations of the indicator: Titrations of Di (p11 1 ...2.3) and Cd

p11(6.8—10).

REFERENCES
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2 • L. Icekedy, 0. Balogh and P. Szabo, Un L s—Eoai 5cr. Chem.
14, 101 (1969).3. 0. Ackermann and H. fleegn, Thianta, 21, 431 (1974).

4. V.A. Popov, E.I. Rudcnko and T.A. Palehun, Zh. Analit. Ithim., 30, 1964
(1975).

—
5. V. P. Antonovich, 0.1. Ibragintov, I •N. Grokova and v.A. Nazarexiko,

Zh. Analit.Ith.im., 32, 876 (1977.
6 G !cekednd 0 halorli,tudia Univ Babcs-Lol,or Cheat , 7, 131

(1962).7. 5. Minczewski, Z. Skorko—Trybula and N. Krzyanows1r.a, Cheat. Anal.
(Warsaw) 21, 311 (1 976.

8. L. Kekedy and U. Balogh, Studia Univ. Babes— Ser. Cheat., 8, 204
O963.

9. A.K. l3abko and P.P. lUsh, Z.h.Analit. Ithim., 17, 693 (1962).
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7 • METAIJPLETHALEIN

Snon: o-Cresolpthaloin Complexone
Phthaloin Comploxone
Plithalein Purple
Metylpht1aloxon

Cliomical names:
tFCN,N-Bicarboxymothyi) miuomethyl-L&hydroxy-5_mothyl_phenylJ
(2—cax'boxyphenyl) niothyleno} -2[CN,N—bia..carboxyzne thy]) axninomethyiJ -6.
—methyl—i ,1&—cyclohoxanediene—1 —one
3,3' —flis[N,Nti(caroxymethyl) ..aminomethy]] —o—crosolphthalein
3,3' —Dimethyi—5 5'—L''-(carboxymethyl) aminomethyl] —phonoiplitlia—
lein
o-.Crosoiphthalein-.5 , 5' bis@ethyliinino diacetic aci
N, N' -L3—0xoi ,3-dihydro—isobeizof'an—1—yliden bis- 6—hydroxy5—me—
thyl.phen—3, 1 —ylene mothyleneJ bis LN @arboxymethylglycine

Colour index: —

OHC00H

NCH,) H. ON

H00CH0C CH2C00H

H3C:fl3
000ff0

Protonation constants of indicator Ref. i) in 0.1M K01, t=200C

log
NR

log N2
N1I

log K3
.-OH

log K1
..COOH

log K5
—COOR

log k6
—COOl-I

12.0 u.k 7.8 7.0 2.9 2.2

constants of metal—indicator (0.11! KCI, t=20°C)

Metal ion Reaction log K Ref.

= J3aL1 6.2

2Ba2+L,6 2h1 9.2

=

II.H2L 2.?

=
J3aH3L7

I •

Ca2 Ca2+L6' = CaL4' 7.8
2Ca2+÷Ló_ = Ca2L2 12.8
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Metal ion Reaction log K Ref.

caiu4 6.9

= CaH2L2' 3.2

Ca2+H3L3 = CaI%L 2.3

2+ =

2Mg2+L6 =

g2+m15
2++HLk.

Mg2+H3L3"

MgL'

Mg2L

= i1gW3

NgHL2
=

MgH3I7

8.9

7.5

3 • 6

2.2

1

2+ 2++L6 =

2Zn2++L6 =

2++ijLk

2+HL3

Zn2L2'+R

ZZ2L

Zn2L

= ZnIL

ZnH2L2'
=
ZnH3L

=

24.9

i
13.8

10.2

6.0

5.9

1

X The constant for reaction Bal +H = TJaH2L2 given in the paper
as log K =6.7 seems to be wrong (probably printing error).

Conl aLity constants of couwlexos
Metal ion Metal:Reagont

ratio
log K Conditions Ref.

Ba(II) 1:1 4.6 pH 11.3, 1=0.1 2

Sr (ii) 1 :1 5 •0 1I 11, 1=0 •1 2

Spectral characteristics o' i1e ndca (Ref. 1)

Ion '
nm ..;4

ex1 0 Colour

H2L4' 575 0.2 light rose

IlL5 575 1.1 red

L6 575 6.0 rod

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

Stability constants of rnetalindicator conplexes (0.1M KC1, t=200C)
çcont.
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SDectral characteri3tica of motaJ..indicator comniexes

Metal ion Metal:Reagen
ratio

t XaflflI cxl Colour Ref.

Ba(Ii) 2:1 7O 7.0 red I

Ca(II) 2:1 560 6. rod 1

11g(Ii) 2:1 550 2.5 red I

Mo(Vl) 1 :1 370 0.5 3

Purity of indicato(e) may be examined by paper chromatography using
as eluont ethanol rater — phenol (6÷3+1) ; for colour development is taken
NaOIJ.

Purification(Ref.j) from uxisubstitutod and monosubstituted cresolpht1a..
leins has been carried out by dissoivin the dye In sodiuxn acetate solution
followed by careful fractional precipitation with HCI. The precipitates ob
tamed at 1üher acidities contain the pure indicator. Theco were iashed
with cold water and dried in vacuiun at 3000, the product boin a monohy—
drate m.p. 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 1othyl Red and 0.005 g
Diamine Green B in 100 ml water containing a few drops of aqueous ammonia.
Both solutions are stable for one week. The screened indicator is used in
amounts 0.2 ml for (Ca) or 0.14 ml for (Ba and Br).

al plicationsof the indicator: Titration of Ba pH 10.5—li), Ca
çpH io—ii, Sr pH1o.5113. It has been especially recommended for Sr at pH
10 •5—11 Ref. 4). Also in back—titration determination of Ni with Cu (ii)
solution as titrant at p11 10.

REFERENCES

1. (1. Anderegg, H. Flaschka, H. Sallman and G. Schwarzonbach, Holy. Chim.
Acta, , 113 (19514).

2. A. Rokosz and II. Stepak, Chom. Anal. (warsaw), 20, 525 (1975).
3. A.I. Cherkesov and A. I. Krasnov, Zav. Lab., 41, 1185 (I 975).
14. J.Krbl and H. Pribil, Coil. CzecE Chera. Commune., 23, 1213 (1958).

8 • METHYL THYMOL BLUE

Synony: Mothyithymol Blue Complexone
(the commercial product is usually a tetrasodium salt)

Chemical names:
M13-CN,N-Bis—carboxymethyi)aminomethy1 ..4hydroxy—5isopropyl—2—me—
tIlyl—phenylJ — (2su1phopbenyi)uiethyleno—2[(N, N—bis—carboxyniothyJ).
aminomethyi1 —3methyl.6—isopropyl—1 , 4oyc.l,ohoxanediene—1—one
,3' ..Bis[N, 1T ..di( carboxymethyl)aminomethylJ —thyinolsulpionpbthalein
L14' —Hydro—5,5 —diisoproyl—2,2 —dimethyl—2 -.sulpbofuchsone—3, 3 —

diylbismothylonenitrilo totraacetic acid
molsulphonphthaiein-'3', g"bi4mohyleneimino) diacetic acid]

t3H_2,1
-phen3, 1 —yleno methyleneJj bisNcarboxymethyl_lyeinJ -5, Sdioxide

Colour index: -



H0OCH2C...

HOOCH2C
2

Ho

(H3C)2HC

SO H0'
Protonation constants of indicator

log K NH 12.9

log K2 NH 11.1

log K3 —011 6.9 7.4

log K4 COO11 3.0 3.8

log K5 —COOH 2.0 3.3

log K6 —COOll 1 3•0X

log K7
—COOH

Conditions 0.IM KNO3

Reference 1

X Doubtful as potentiometric measurements

12.5

10.6

7.02

3.1

1.9

1 .9 (in 8M HCl0)

0.IM NaC1O4, 25°C

4

Stability constants of rnetalindicatorcomlexes

= riaL4'

213a2++L6 = Ba2L2'
BaL'+H = rJaHL3

Ba1JL3'+I1 = BaH2L

=

J33+ Bi3+IJ3L3' = 13iIIL

Ca2+÷L6 = CaL4

2Ca2++L6 = Ca2L2

CaL4'+H = CaHL3

CaHL+H = CaH2L2

Ca L2+H' = Ca,,11L2

6.93
11 .58

11.2

8.06

8.5

12.49 0.5M NaClO4 6

8.25

13.63

10.9

7.35

7.7

Compleximetric indicators 1161

116L
C

13.4

11.2

7.2

3

O.2M

2

Metal ion Reaction log K Conditions Ref.

0.IM KNO 5

Ca2 O.1M KNO3 5
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Stability constants of metal—indicator complexes (Cont.)

ion Reaction log K Conditions Ref.

1

4

I

7

8

9

10

11

Metal

Co2 Co2++L6 = CoL
2Co2++L6 = Co2L2'
CoL4+H = CoHL3

12.69

23.69

10.84

0.1M KNO3

Co3+H = CoH2L2

Co2L2+H = 0021117

6.33

3.8

Cr3 Cr3+H3L3 = CrH3L

2Cr3+H3L3 Cr2113L3

3.9

8.2

0.111 NaCIO4

Cu2 cu2++L6 = CuL
2Cu24+L6 = Cu2L2

CuL4"+H = CuHL3

Cu11L3'+H = CuII2L2'

Cu2L2+H = Cu21117

Cu2L2'+201(' Cu2(OH)2L4

Fe÷II2L4 = FeH2L

Go3+HL3 GaH3L

Ga1L3L+HL Ga(HL)

h12U1

In3+JI3L3 = InH3L

3+2H3L3' = ln(H3I)
2In3+HL5" = In2llL

14.05

26.45

10.18

6.08

2.2

2.9

20.56

11 .43

4.88

13.60

5.3
9.5

23.6

0.th

0.114 NaCIO4

0.114 NaC1O4

114 NaC1O4

Lu3 L÷2H2L4 = Lu(H2L) 11.1

Mg2 14g2++L6 = MgL4

2Mg2++Ló* = Mg2L2

MgL4+H =

MgHL3+}I = MgH2L2

Mg2L÷H =

MgL4"+Olf = Mg (OH)L,

Mg2L+20h1 Mg2 (OH) 2L5'

8.87

14.67
10 •8

7.04

7.3

2.69

3.44

Nd3 Nd3+H2L NdJL2L 5.0

Ni2 Ni2++L6 = NiL4

2Ni2+÷L6_ = Ni2L2
NiL+H = N±HL3'

12.66

23.93

10.56

0.114 03 5

11

0.114
KNO3

1
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U0+

Y3+

Yb3

Zn2

Be(II)

Ce (iii)

Cr Ciii)

Fe (iii)

Gd (ILL)

constants of metal-indicator

Reaction

NiHL+H = NiH2L2

Ni2L2+H

Sc3+I13L3 = ScH3L

So+112J]' =
Sd11217

2+ 6— 4Sr +L =brL

2Sr2++L6 = Sr2L2'

SrL'+1i = SrIJL3"

Sr3+H = SrH9L2'

Sr2L+H = Sr2}11

Th'÷ll3L = ThH3L,

Th4+21i3L =
Th(113L)

2Th+HL

U0+I12L4 = U02H2L'
')+ 4—

2U0 +11211
= (uo2) 211211

2Y3+2L6 =

Yb+2H2L4 Yb(112L)'
2+ 6— 4—Lfl +11 =Znt

2Zn24+116_

ZzL+11 = ZnHL3'

Zn1-JL3+H = Zn112L2

Zn2L2'+H = Zri2iU7

cxes (Cont.')

log K

6.59

3.51

5.2

12.55

7.05

11.63

11.1

7.93

8.3

6.7
10.8

25.3

6.0

7.3

37.0 1=0.2

11.2

13.31

24.41

io.6

6.11

3.3

Stabilit'r

Metal ion Conditions Ref.

Pr3

Sc3

2+

4+Th

0.IM NaClO4

0.IM KNO

11

12

13iN NaC1O4

0.5II NaCIO4 13

2

11

10.IN ICNO

it•i_stj_of cLexos
Metal ion Netal:Reagentratio log K Conditions Ref.

1:1
?

5.8
11.7

pH
pH

5.0
8.0

14
15

1:1

1:1

6.2

5.6

p11

p11

6.
4—5

16

i7x
1:1
1:2

1:1
2:1

1:1

5.5
9.5
5.6
8.4

5.1

pH
pH
pH
p11

pH

2.5
5.8
.6, 1=0.4 (GdnL2)
3.2—5.2, 1=0.4

(Gd2112112)
8, 1=0.4, GaH2L7)

18

19
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Conditional stability constants 1 complexes (Cont.

Mtal ion Metal:Reagent log K Conditions Ref.
ratio

La (I1I 1:1 4.8 p11 6.5, 1=0.4 (LaJL2) 19
2:1 7.5 p11 3.2—5.2, io.4

(La2i12L2)
1 :1 3.8 p11>8 (LaH2L)
1:1 6.1 p11 6.5 16
2:2 35.8 p11 5.7—6.7, O.2N NaNO3 20

Mg cii 1: 1 6.9 pH 10.8 14

1:1 6.9 p11 7.0 21

Nb(V 1:1 4.6 p11 2 22

Nd (iii 1:1 5. 1 p11>8, 1=0.4, (Nd11142) 19
2:1 7.9 pH 3.2—5.2, 1=0.4

(Nd2H2L2")
1:1 4.5 pH 6.5 (NdH2L)NiiI 1:1 6.7 pH 7.0 23

Pb(II 1:1 5.7 p11 5.8 24
Pd(II 1:1 4.1 p11 6.8—7.5 25

1:2 9.8 0.02—0.05M 11C104
Pr (I1I 1:1 4.9 p11>8, 1=0.4 (PrHLa2) 19

2:1 7.7 pH 3.2—5.2, 1=0.4,
(Pr2H2L2)

1:1 4.3 p11 6 •5, 1=0.4 (PrH2L)
Sc(111) 1:1 4.1 pH 2.75—3.55 26

1:2 7.3
SinIII) 1:1 .4 p11>8, io.k (SiuilL2) 2 19

2:1 8.1 pH 6.5, 1=0.4 (SmHL )
1:1 5.0 pH 6 •5, 1=0.4 (Smfl2t)m iv 1:2 11 .6 pH 4—4.5 27x

Tl1I] 1:1 13.1 p11 2.5, 1=0.1 28
1:2 6.8 pH 5.5, 1=0.1

v(v) 1: 1 4. 3 p11 4—4.7, 1=0•01 29
1:2 10.05 pH 6—6.5, 10.01

Yiii) 1:1 6.9 pH 6.5 16
1:1 5.8 p11>8, 1=0.4 (YI1L) 19
2:1 8.7 p11 3.2—5.2, 1=0.4

(Y2H2L2)
1:1 5.2 pH 6 •5, 1=0.4 (YH217)

Yb II1 1:1 6.3 p11 5.6 30
Zn cii) 1:1 6 • 7 II 3
ZrIV 1:1 5.0 IN 1'1C104 32

X Data not quite consistent with those in previous Table.
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Spectral characteristics of the indicator--
Ion >max eniaxxlO

-----
Colour Ref.

H6L 545
435

2.45(X=550)
1.89

rod 4
1

H C 445
435

1.13(>475
1.89

yellow 4
1

H1L2 445
435

0.98(Ak75)
1.89

yellow 4
1

}13L.3
595
435

0.08(X=580)
1.89

yellow—green 4
1

H2L 600
607

1 .8 (>60o)
2.15

green.-biue 4
1

Ui? 600
48 0.67(600)

1.2
paie—iue 4

1

L6 605
617

2.9 (>6oo
4.29

blue 4
1

The given colours
the higher protonated species.

are in various papers different, particularly for

Spectxl characteristics of metal—indicator complexes

Metal ion Metal:Reagent X nra e x10'4 Colour Ref.max maxrafib
AlLLI) 1:1 590 1.9 violet 33
BeII 1:1 500 orange 14

BiciII 1:1
1:2

590
500

6

Ca(II 1:1 610 1.7 blue 34
CeILQ
CoLO

Cr(III

1:1

1:1

1:1

1:1

2:1

1:1
1:1

(C0f12L2)
cCouL3)
CoL4)
(Uo2L2)

600

440

611

584
61 S

580
525

2.1

1.76

2.70

2.08

3.57

0.6

blue

yellow
blue

violet

blue

violet

1.6

1

17
4

Cu(ii

FeIIi

1,1
1:1

1:1
1:1

2:1

1:1
1:2
1:1
1:2

2
CuH2L )
CuUL3)
@uL4)
(Cu2L2)

450

583

538
611

610
515
600
510

1.3
1.88

2.15

1.88
1.93

1.73
0.3
0.65
1.2

violet
yellow
violet

red

blue

blue
brown—rod
blue
red

34
1

7

18

GaLEI 1:1 580 1.95 violet 35
lif (iv 1:1 570 1 .87 rod 32

InII 1:1
1:2
1:1 (1nJ13L)

600
510
530;570

1.75
0.55
i.12;1.8

blue
red

9

10
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Purification of the indicator (Ref. 4O The sample of the commercial pro-
duct was dissolved in water placed on a cellulose column and oluted 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
iniinodiacetic acid and a small amount of semi—Methyl Thymol i3lue. The ion—
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 i% aqueous solution or solid, diluted 1:100
with KNO3.

gical application of the indicator. Direct titration of: 131 (IN IINO or
p11 35,1g W665), (p11 6), Sc (pH 6.), Th (pit 1—3.),
and Zn (pH 6—6.5); It has been especially recommended for Pb at p11 6. Also
in back...titration determination of Pb with PbcII solution as titrant at
p11 5.5—6 and Cd with CaII solution at pH 12.

REFERENCES

1. T. Yoshino, H. Imada, S. Murakami and N. Kagawa, Talanta, 21, 211 (1974)
2. G.S. Teryoshin, A.R. Rubinshtein and I.V. Tananev, Zh. Analit. Khim.,

20, 1082 (1965).
3 J Körbl tnd 13 Kakac, Coil Lcch Cnern Communs , 23, 8&9 (1958)
4. E. Chiaccherini, V. Petrone, A. Magii áXIdD. Fabrizio, Gazz. Chim.

Ital., 102, 911 (1972.)
5. T. Yoshino, H. Okazaki, S. Nurakami and N. Kagawa, Talanta, 21, 676

(1974).

Snectral characteristics of metal—indicator complexes (Cont

Metal ion Metal:Ileagent Xmax EIU emaxx104 Colour Ref.
ratio

La III

1:2

2:1

1:1

In(H3L,)

(In2J1L)

530
585
600

2 • 15
2.6

1 .7 blue 16

14g(II) 1:1
1:1

605
610

2.0
1.52

blue
blue

34
36

Mn (ii) 1 :1

1:1
615
582

1 .9
0.64

blue
violet

34
21

b(v) 1:1 560 1.3 red 22

Ni (xi 1:1
1:1

615
580

2 • 1

1.3
blue
blue—violet

34
23

Pb Ii 1:1
1:1

600
620

1 .95

1.5
blue
blue

24
34

Pd(II) 1:1
1:2

530
500

2 • 1
1.5

red
red

25

Se(IL 1:1 588 2.4 violet 26

Th(IV) 1:2
1:2

585
580

3.9
5.0

violet
violet

27
37

u (vi) 1:1 510 1 • 1 rod 38

v(v) 1:1
1:2

590
520

blue
red

29

1iIi 1:1
1:2

600
606

1.6
2.3

blue
blue

16
2

Yb (iii) 1:1 570 2 • 1 blue 30

Zn(II) 1:1
1:1

596
595

1.9
1.4

blue
blue

31
34

Zr(IV 1:1
1:1

600
580

5.0
2.17

blue
red

39
32
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HO

C'Ø H

Protonation_constants of

io K. log K2 log K3
rn—OH rn—OH p—OH

11.73 9.80 7.82
12.50
11.7 9.75
11.93 10.00

10.230
10.86 7.87

8.33
12.8 9.76

X these values seem to be too iow (?

Stabili tv constants of metal—indicator complexes

Metal ion

A13

Reaction

Al+L4' = AIL7

2Ai+L4 = AI2L
Al+HL = A1IJL

AIJIL+HL3 = Al(iiI
Al(IlL) +HL = Ai(ItL)
Al3 2L2 = AlH2L
Ii +112L +HL = A1113L

A13++H2L2_+211L3_ = AIH4Lç
2Al3"+HL3 = Al2iJL3

Bi'+L = 13i17

3 4—2]3i +L. = BI2L

Cd2+L =

= CdH17

co2++L = CoL2

C0L2+H1 CoU17

Conditions

1=0.2

1=0.2

1=0.2

the indicator

log K1 Conditions
=011

Ref.

1=0.2 1

2
0.1 3

8.01 1=0 4
7.921
6.91
7.51 0.26

1=0.01
O.2M KNO.

567
7.80 0.8 0.IM NaCiO1 8

Ref.

9

10

log K

19.1

24.1

25.1

22.3

20.7

7.9

19.4

27.3

17.3

27.1

32.3

8.1

9.5

9.0

9.2

Cd2

Co2

O.IM NaC1O4 11

1=0.2 9

1=0.2 12

1=0.2 12
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Metal ion

Cx'3

constants o metaiindicator

Reaction

Cr3+H2L2 = Crll2L'
CrH2L+HL3'' = CrH3L
CrH3L+HL,3 = CrH4L
cu2++L = CuL2

CuL2+H+ = CuIJL

Fe3+H2L2 = FeH2L
Fe3+i12L2+lU3 = Fe1I3L
Fc3+H2L'+2UL3 = FeH1L
2Fo+11L3 = Jo2BL3

Fe0H2''2H2L2 = FeOli(H2L)

= Ga(i12L)
= GaL

2Ga+L' = G2L2
= mi7

2In2+L In2L
In (oil) +H2L2 = In (oil) 2(l12L)7

2 2InOH +2il2L' = IflOil(1121) 2

MgL2'

MgL2+Ii = Mg1111

= Mnl117

Nj2++J]4 NiL2'

NiL2+Ii = N11117

Pb2++L4 = PbL2
0 +PbL' +H = Pb}IL

Sn+HL = Snil2L2

Sn2H2L27 = Sn(H2L) 2
4+ a... 6+

2Sn +H2L' = Sn9H2L,

'fli4+L4' = ThL

2Th÷L = Th2L4
Th+H2L2 = ThF[2L2

ThH2L2÷LtL3 =
ThH3L

9.Ec?.s (Cont.

log Ii

8.70

11.15

8.96

16.5

6.4

7.5

19.3

27.2

22.2

13.80

17.05

11.2

26.8

18.1

22.9

17.05

9.10

4.4

11.0

7.1

10.0

9.4

9.2

13.3

8.7

15.31

29.92

20.43

23.4

27.8

9.83

15.38

2÷Cu

Fe3

2+
Mg

2÷
Ni.

Pb2

Sn4

Conditions Ref.

0.1M NaCIO4 13

1=0.2 12

0.114 NaC1O4 11

0.514 KNO3 14

0.114 NaCI 15

1=0.2 9

1=0.2 9

16

1=0.2 12

1=0.2 12

1=0.2 12

1=0.2 12

1.014 NaC1
pH 3.0

7

1=0.2 9

0.114 NaC1O4 8
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Stability constants of znetal..indicator comtlexes (Cont

Metal ion Reaction log K Conditions Ref.

ThH3L+HL3 = Th1i4L 13.62

2T4+1L3 = Th2UL5 20.04

U0 U0÷H2L2' U02112L 7.05 0.1M NaC1O4 8

U02H2L+H2L2' = u021I4Lr 5.60

2U0r+HL3 = (uo22HL 14.7

= 10.4 1=0 • 2 12
.)

Zn17 +11 ZnJJL

Zr4 r+1' = ZrL 27.4 1=0.2 9

2Zr4+L4 = ZrL 31.6

Conditional stabthtyconntsofcozexes

Metal ion Metal:Reagent log K Conditions Ref.
ratio

Ga ciii 1:2 14.7 in presence of acetate, 17
pH 5.75.-6.7

GeIV 1:2 8.7.9.2 p11 6. 18

Nb(V) 2 :1 5.4 p11 1 ...4.7 19

VIV 2:1 9 pH 4.2 20

w(vi) 1:1 5.5 pH 1 .5.2.5 19

ec tral charac tens ics of the indicat or

Ion , nrn e x104 Colourmax max
Ref.

HL, 114L 55O, 56O 2.O, 2.0k red i

1i3L 445, 44 i.49 i.4o yellow i, 6

112L
590x, 6oO 3o3 1.96 violet l, 6

HL 6o.58O 1.59 red.-.violet 6

rn), L4 560 1.55 recI-violet I

L 660 blue 2

x values from (Hef. i) + values from(Ref. 6)



Compleximetric indicators 1171

Speetrai characteristics of metal-.indicatorcorxiplexes

Metal ion Metal :Roagont nm émX1O Colour Ref.
rat.o

Al(111) 1:1
1:1
1:1
1:1
1:2

620
(pu 3)
(p11 4—7) 580
(p11 8—10) 640

560

2.5—2.9

4.

blue 9
21

23
1:2 580 6.8 35

131 (iii) 1:1
1:1

(pH ik) 550—610
610 2,5—2.9 blue

21
9

Cd(II) 1:1 610 blue 12

Cr (iii) 590 2.63 violet 24

Cu (ii) 1 :1

1:1
1:2

630
(pHS.'lo) 650
(pH 5..7) 580

blue 12
21

Fe ciii) 1:2 610 6.24 blue 25

GacIii 1:1
1:2
1:1
1:1
1:2
1:2

615
620

(p11 2) 550
(pH 3—10) 640
(p11 3..7.5) 550
(Ga(H2L)2) 580

2.5—2.9
3.33

7.3

blue
blue

9
26
21

15

Ge(IV) 1:1
1:2
1:2

(pH 5—9 620
(pH 5—9) 560

555 5.5 purple

21

27

In (Iii) 1:1
1:1
1:1
1:2

620
(p11 5.5—7.5) 630
(pH 8.10) 630
(pH 5.5—7.5) 580

2. 5—2.9 blue 9
21

Mg (ii) 1:1 640 blue 12

Mn (ii) 1:1 640 blue 12

Nb (iII 1:1 575 2.5 36
1mev) 2:1 600 blue 19

Ni (ii) 1:1
1:1

650
(pH 8—10) 650

blue 12
21

Pb (II) 1:1
1:2

(pH 6..9) 650
(p11 6—7) 580

Sb(III) 1:1
1:1

580
(p11 i—5) 560

violet 28
21

Sc(III) 1:1
1:2

(p11 5—10) 550,640
(p11 5—8) 600

21

Sn(IV) 1:1
1:1
1:1
1:2

555
(p11 1—7) 550
pi1 3—8 640
(pH 1—7) 600

552

6.5

6.85

red 29
21

30

m(iv) 1:1 615 blue 9
Ti(IV) 1:2 690 32

Zn(II) 1:1
1:1

630
(pH 7—10) 6o

blue 12
21

Zr(IV) 1:1
1:2

610
(pH 2—6) 625

2.5—2.9
3.5

blue 9
33

R.E. 1:1
1:2

(pH 6—10) 650
(pH 6) 580

21
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Purification of theindicator CRef.34) iias been achieved by crystalization
from hot ethanol7jbrownish...green crystals) or bycrystaiiizationfrorn gia..
cial acetic acid (green crystals). Both crystaline forrnswere dried at room
temperature under reduced pressure.

Theindicatorisnorma1i)rusodas a 0.1% solution in water. it may be also
used in the presence cetyltrimethylainmonium bromide (Ref. 22)

Typieal applications of the indicator: Direct titration of Di (pH 23), Th
Cd (pH 1O), Cu (pH 5.6.3, 9,3), Mn (p11 9.3), Ni (pH 89.3), Zn

(Pr' 10). It has been especially recommended for Tn (pH 23) and Di (pH 2..3).
Also in back—titration determination of Al, Fe(II], In with CuII solution
as titrant at pH 6-7 and Di, FeII, Ga, in, Ni, Th, Ti, with BiIII so—
lution at pH 2—3
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10 • THYMOLPIITHA.LEXON

ynoi: Thymoiphthaioin complexono

Chemical me s:
Methyl3—(N ,i'—bis—carboxtethyininomethylhydroxy5iso
Prop.yLI]r2_carboxYphenyl] methyione)..2..K,(N, N—bis—carboxyznethyl) aminomo—
thylJ ethyi—6..isopropyi—1 , —cycioexanoieno—1—one
3,3' —Bis[N,N' —di (carboxymethyi —amino:nothyiJ thymolphthalein
Thymoiphthaloin—bis—(rxiethyiamixxodiacetic acid)
3', 3" 1Jis[N,N—bis arboxymethy1 aminonicthy1 . , 5" —diisopropyi—2', 2"
—diniethyLL—phenolphthalein
N, N' [(3.oxo—1 , 3..dihydro—isobenzofuran..1..ylideue) bis(6-thydroxy—5-'
.-isopropyi—2—metbyi—phen3, 1 —ylene) methylone] bisN—(carboxymothyl
GiYCine

Colour index:

116L

Protonation constants of

log K1
ENH

log
NJ.1

N2 log K3
—011

log K4
—00011

Conditions Ref.

13.0 10.8 8.7 7.0 1=0.3 1

12•3x 7LX 0.211 NaNO3 2

These results appear to be "averages" of K1, K2values, respectively.
and K3, K4

the indicator
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Stabilitconstantsofmctalindicator complexes

Metal ion Reaction log K

Ca Ca2+L6 = CaL
CaL+1I = Cai]L3 10 • 7

Cai'iL3'+H= CaH2L4
2Ca2++2L0_ = Ca2L

1174

Conditions Ref.

1=0.3 3

9.1

42. 7" 0 • 2M
NaNO3

2

This value is probably based on the wrong protonation
of the indicator.

Conditional stability constants of corn lexes

constants

Metal ion Metal:iteagent log K Conditions Ref.
ratio

Ti IIi 1:1 4.42 i-BuOH 4

Spectral characteris tics of the indicator

Ion X ,nm e x10 Colour Ref.max max

H2L4 605 0.12 light blue

6o 1.05 blue
L6 6o 2.6 blue

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

Spctral characteristics of metal.indicator complexes

Metal ion Metal:Reagent X ,nzu E x10 Colourmax maxratio
Ref.

Ba(I] 1:1 605 4.3 blue 2

Ca (I]) 1 :1 605 4. 1 blue 2

Mg(1I) 1:1 605 2.8 blue
1:1 605 1.6

2
5

Nd IIi
2:3 594 blue

Yb(ILç)J
6,7

Sr(II) 1:1 6o 3.5 blue 2

Mo (v 1:1 370 0.3 8

Purification of the indicator (Jef. ) has been achieved by dissolving the
dyé In od?ium acetate solutioii followed by fractional precipitation with
"Cl.

The indicator is normally used as solid mixture diluted with I03
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TpicaI application of the indicator. Direct titration of Ba (pH ioii), Ca
(pH io.54 1) , 'in (pH lo). It has been recommended for Ba (pH b-u). Also
in back titration determination of Ba, Mn, Sr with Ca(II) solution as tit.-
rant at pH 12.
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2 • A. Bezd1covt and B. Dudeins oil. Czech. Chem. Comtauns., , 818

965.
3. A. Hulanicki and S. G1b, unpublished results
4. A. I • Cherkesov and A. I. Krasnov, Zh. Analit. Khirn., 31, 2362 (1976).
5 • P.P. Kish, L. I. Kotelyanskaya and E.V. Kish, Zh. Analyt. Khim., 26, 487

19716. D. Prajsnar,. Chem.Anal. (Warsaw, 11, 111.1 (1966).7. D. Prajsnar and T. Ikikas, Chem. Anal. (Warsaw), 12, 23 (1967).
8. A.I. Cherkesov and A.I. Krasn ,Záv. Lab., 4i, 1185 (1975)

11 • XYLENOL ORANGE

Synonyms:

Chemical names:

3([3—N,-.bis.-carboxymethyl aminomethyll -4.-hydror..5.-mothyipheny2.-
sflphophenyI methylene .-2EN, N.-bis.-carboxymethyi) aminomothyl ..6.-mo..
thyi-.1 ,4.-cyclohexanediene—1 .-ono
3,3' .-Bis[N, N.di (carboxymethyl) aminomethyl] .-o.-cresoi.-sulphonphthalein
4' .Hydroxy..5 ,5' .-dimethyl—2" sulpho..fuchsone.-3, 3' .-diyi.-bis (niotbylone
nitrilo) tetraacetic acid
{3u..2, 1 .-Benzoxathio...3.-ylidenebid6..hydroxy.-5.-methyl.-phon.-3, I .-yle—
ne)methyienenitrilojjtetraacetic acid, .-5, Sdioxide

Colour index: —

1100d112C.
H

uoocii2
2

-Cii9COOH

if0
c (Al3

SO ii0
Protonation constants of indicator

log K1 NH' 12.23 12.28 12.20 12.00 10.58

log K2 zMI1' 10.56 io.46 10.0 8.4 10.35 10.30 9.34
log K3

—OH 6.74 6.46 6.1 6.4 6.66 7.50 6.09
log K4 —COOH 2.85 3.23 3.20 3.7 2.79 4.49 2.56
log K5

—COOl! 2.32 2.58 2.15 2.6 2.11 2.74

log K6 —COOl! <1.5 1.15 1.25 2.00 i.k

log K7 —COOK —1.04 0.76 1.43
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log K5 =0II —1.83 —1.09 1.2i
log K9 S0311 —3.32 —1.7'

Conditions 1=0.1 1=0.2 1=0.1 1=1.0

iteference 1 2 3 1 5 6 7

con;tants of metal—indicatorSta coxes

Metal ion IZoaction log i Conditions

Al l+ll2L+I3L = AlIIL
2Al3+II3L3 = Al2iI3L3

11 .79

1 3. 6L

0. IN NaCi01

2+ th+L = iiaL
2iJa +L =

=

=

1Ja,LI +11 =

6.67
11 . 24

10.5

7• 54

o.0

0.IN KNO3

Ui3 = huLL

k3i3÷2hI3I3 = Ui(H3L
2Bi+2L6 = Ji2L

9.50

15.53

75.6

1=1.0

0.214
NaNO3

Ca2 Ca'+L6 = CaL' S.6 0.IM KNO3
') 6—2Ca+L = Ca2L'

CaL+h1 = CaHL9

14.67

10.4

CaILL3+hi = CaiLL2

Ca2L2+1I = Ca1:a

6.71

0.9

Dy3 2Dy+2L6 = 2L2 47.6 0.214 NaNO3

Fe 2Fe3+L6 = .io2L

Fo3+1i3L3 = FeH3L

Fe+H2L = Iell2L
=

FoH7I

Fe3+2H3L3 = Fe(H3I
Ga+H2L = GaII2L

Ga+H2L4' = GaH2L7

= auj2
G(HL) 2÷j = a

(115L)

Ga3+H1L2 = GaJ.t4L

39.8

8.85

14. 16

13.57

15.55

15.16

11.92

7.0

4.s
937

0.214 NaNO3

1=0.5

10
1=0.2

1=0.01

1=0.1

1of.

8

9

10

11

9

12

13

14

15

16

17

8
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Stability constants of metaiindicator complexes. (Cont.

Metal ion Reaction log K Conditions Ref.

2iI2L=2Ga(H2L)
2Gd+2L6 = Gd2L

Ifl+112J.1 lnII2L

Ifl+112L = .LnJI2L

I+2Ji2L4'' = in(i12L)T'
La3+11L5' =

iIg2++L6 = MgL
2Mg2+L6 = Mg2L2
MgL4+H = MgitL3

= MgIIL
= M2B17

MgL4+0rC = Mg (oii) i,
Mg2L+2011 = Mg2 (on) 2L

'+ 6-. 4...Pb +L =PbL
Pb+H+L6 = PbIIL3

Pb2+÷2H4+L6 =
Pb112L2

2Pb2++L0 = Pb2L2

Sc3+II2L = SeII2L

Sc3+H = ScIL,L3
2Sc3+2L6 = Sc2L
2Sm+2L6 =

Sr2++L6 = SrL
2Sr2+JP = Sr2L2'
SrL4'+H = SrHL3

srxm3+iI = Sr}12L2

= Sr9JIL

Th'1+ii2L4

Th4+2H2L' = Th(H2L)
2Th4+li0L = Th2ll2L
2Th+2L6 = Th2L
2Th1+2L6 = Th2L
2Ti3+2L6 = Ti2L

12.49

43.1 O.2M
NaNO3

12

14.2

14.31

24.63

12.9 6

9.02

15.16

10.3

0.56

6.8

2.43

3.21

15.24

25 • 32

30.01

26.70

47.0 0.211 NaNO3 12

7.71

12.60

io.4
7.36

7.6

12.35

19.31

9.71

59.8

52.5

57.8

1=0

0.111

15

18NaC1O4

Gd3

In3

Pb2

Sc

Sm3

2+Sr

Th4

Ti3

0.111 IUO3

1=0.1

1=0. 1

1=0. 1

0.211 NaNO3

9

5

19

20

11

13.04

5.95

61.2

0. 111 KNO3

1=0.1

1=0.001

0.211 NaNO3

0.211 NaNO3

9

21

22

11

11
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Stability

Metal ion

T13

U02+

U0+

v02+

vo;

constants of metal-indicator

Reaction

2Tl÷2H2L = Tl2(H2L)

2U02+÷2L6 = (uo)L
2U0+2L6 = (uo2)2L

vo2++H2L = V0H2L2'

vo2++1,12L+ii5L = V0H7L

2V0 + 2L6'=(V02)2L

2Yb÷2L6 Th2L2

= ZnHL
= ZnH2L

2Zn2+÷L6 =

Zn2+11L5' = znIu1
2Zn2++L6 = Zn2L2

Zr4+H3L3 = ZrH3L
Zr+H4L2_ = Zri11L2

4+ 6.- 2+2Zr +L = Zr2L
2Zrt+L6' = Zr2L2

complexes. c9ont.

Conditions Ref.

1=0.1 23

1=0.1 22

0.2M 13

0.114 24

log K

8.0

69.1

38.6

10.48

15.67

63.1

45.7

i.ki
24.91

29.84

25.37

12.3

26.3

37.80

38.68

4337X

31 0x

X Discrepancy of data is not obvious.

NaNO

NaCIO4

NaNO3

NaNO3

0.214

0 • 214

1=0.1

1=0.1

4+Zr

11

12

5

25

7

11

'=3

0•214
NaNO3

Conditio1stabi1onsttsofco1exes
Metal ion Metal:Reagent

ratio
log K Conditions Ref.

Al(II1 2:2 14.3 pH 2.3, 1=0.2 26

J3iI11

CdII
CecI1I

1:1
1:1
1 :1

1:1

1:1
1:1

5.1
5.5
5.4
3.8
5.
6.4

pH 1.-2.3, 1=0.02
0.114 1fl0

0.0514 Ii204
pH 5.5, 0.314 J1i03
pH 6.1, 0.114 acetate
p11 6.0

27
28
29

30

31
32

Co(II 1:1 18.5 pH 5.8 33
Cr IL 1:1

1:1
6.4
3.6

p11

pH 1.7
34
35

Cu(lI 1:1 18.9 pH 5.5 33
Fe cII]

Ga (11i)

1:1

1:1
1:2

5.7
7.0
4.

0.0514 11C104
pH 2

36
30

GdIII) 1:1 4.7 pH 5.5, 1=0.1 4
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Conditional stability constants of' complexes. (Cont .)

x Disagreement
XX Disagreement

with data in Ref. 21.
with data in Ref. 31, 3a.

Ion
-

X , nm e x1O Colour Ref.max max

Li 515
518

8.O8 red 1

558X rd 2

1.19
red
red

1
2

ilL 480 1 .7B orange I

Metal ion log K Conditions Ref.Metal: Reagent
ratio

11.1 (iv)

IIg(I1)
1:1
1:2

6.5
11 .5

0. 3M 110104

p11 7.1
37
38

HocIL1 1:1 5.3 pH 5.5, 1=0.1 4
LaiII 1:1

1:1
6.4
5.8

p11 6.0
pH 6.1, 0.114 acetate

32
31

LuIII 1:1 4.9 p115.5, 1=0.1 z
Mn(Ii) 1:1

1:1
5.9

15.1
p11 6.6 39

33

I1o(V 2:2 17.0 pH 3.6 26

Nb (v) 1:1 6.7 p11 2 •5 40

NdIII 1:1
1:1
1:1

6.0
5.0
6.8

pH 6.8, 0.111 acetate
pH 5.5, 1=0.1
1=0.1

31
4

41

NiII 1:1
1:1
1:1

4.8
7.2

18.0
p11 3.0, 0.111 KCl
p115

42
43
33

Pd(I]
Prin

1:2
1:1

10.3
5.2

1.1—1.711 HCIO4
p115.5, 1=0.1

44
4

Rhi1I 1:1 3.4 pH 2.5 45
Ru ILi 1:2 9.6 pH 4 46

SmIII 1:1 5.0 p11 5.5, 1=0.1 4

Th(IV 1:1
1:2

6.17l2.l3 pH 2.0, 1=0.01
p11 4—5, 1=0.01

47

Ti (iv)
TI (iii

1:1
1:1

3 •5

4.9
0 0211 110104, 1=0.5
pH 1 .4

48

49

'm(in 1:1 5.2 pH 5.5, 1=0.1 4

UIV 1:2 11.5 p11 35..3,7 50
viv 1:1 6.4 p11 2.9 51

Y(iii

Yb (in)

1:1
1:1
1:1
1:1

5.5
6.5
7 6XX
5.1

pH 6.1, 0.111 acetate
pH 6.0
0•811 HC10
pH 5 •5, 1=0.1

31
32
52

4

ZnII 1:1
1:1

6.1
6.2

p11 5.8—6.2
p11 6.5

534
Zr(Iv) 1:1 7.6 0.811 110104 37

Spectral characteristics of the indicator

515
518
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S9tral cLaraeteris tics of the indicato

Ion X ,max nzu e x10max Colour Ref.

518 O.l49 red 2

?

L[5L

H4L
113L

112L

UL

439

434

?

578

578

2.62

2.62

6.09

3.66

yellow

yellow

violet

violet

I

I

1

1

582 6.4 violet 1

X Large differences in Emax may be due to uncertain purity.

Siectral characteristics of metal—indicator complexes

xl Colour Ref.max maxratio

Al ciii 1:2
2:1
2:2

480
550
555

2.45
3.16
1.53

red
violet

8
8

26
Bi (II]) 1:1

1:1
1:1
1:1
2:2

560
530

4o54
510
560

2.85
1.6
2.4
1.55
1.4

red—violet

red

red—violet

27
55
29
56
11

Cd(II 1:1 575 1.8 violet 30

Ceili 1:1
1:1

575
570

3.1
5.3

violet
violet 31

32

CrcLLi 1:1 550 1.6 red 34
DyII] 2:2 570 2.35 12

FeIII 2:1
1:1

575
550 2.7 purple

13
36

GaII] 1:1
1:1
1:1
1:2
1:2
1:2
2:2
3:2

530
545
556
502
480
483
550
555

2.3
3.3
3.15
1.6
2.4
1.7
2.2
4.4

red

raspberry
red
red

violet

57
58

red 17
54
8
17
8
58

Gd ciii. 2:2 570 2 • 1 12

iwciv 1:1 530 1.6 red 37

IIg(iI 1:2 580 1.7 violet 38

InIII 1:1 560 3.3 violet 59
La(III 1:1

1:1
576
570

3.2
3.6

violet
violet

51
32

MnII 1:1 582 2.26 violet 39
Mo(VI 2:2 490 0.52 26

Nb(v) 1:2 530 2 red 60

NdcIIi 1:1 578 3.8 violet 31
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Spectral characteristics of met iidicatorcomplexes.(cont)

Metal ion Metal :fleagent X nm xl Colour Ref.max maxratio

Ni(II) 1:1 580 1.7 violet 43

Pb(II) 2:1 580 7.74 violet 5
1:1 584 1.94 61

RuIIl 1:2 540 1.2 46

sc(III) 1:1 553 2.4 red..violet 62
1:1 56 2.9 red—violet 20
1:1 555 3.34 19
1:2 500 1.8 19
1:2 525 red 62
2:2 560 2.16 red—violet 11

SmIII 2:2 570 2.3 12

Sn(IV 1:2 536 0.2 63

mciv 1:1 535 2.8 47
1:1 570 3.9 21
1:2 56 5.5 471:2 580 6.4 21
2:2 560 3.8 11
2:1 570 k. 21

Ti ciii 1:1 502 1.8 red 48
2:2 48 0.49 orange 11

Tl(III) 1:1 580 1.98 49
1:1 586 2.68 59
1:1 590 1.8 red—violet 64

uciv 2:2 550 red—violet 22
1:2 568 50

2:2 510 red 13

vcxv 1:1 570 3.6 24
1:2 520 2.4 24

vv) 1:1 590 2.0 6
1:2 520 1.3 6
2:2 560 1.8 11

1:1 578 4.8. 31
1:1 570 4.3 32

YbcIII 2:2 570 2.2 12

Zn(II) 1:1 574 violet 53
1:1 570 2.7 50
2:1 570 6.63 5

ZriV 1:1 535 2.4 red 37
1:1 sso(X ) 5.3 red—violet 66

1:1 (ZrH3L) 485 opt 3.1 6

1:1 (Zrll4Lt 528 5.98 6

2:1 6o 5.2 red—violet 67
2:1 560 1.2 11
2:1 551 9.5 6

Purification of the indicator (tef.j1. 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 eluent. Three frac-
tions were obtained, the third being Xylenol Orange contaminated with a
small amounts od sodium iminodiacetato 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 Xyienoi Orange ob-
tained had a purity of 97%.

For purification of Xylenol Orange Sato and coworkers (Ref. ) propose ion—
exchange chromatography on the DEAE—ceilulose column with 0.1k NaCI as an
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II. AZO INDICATORS

12 • ACID CHROME DARK BLUE

Synonyms: Acid Chrome Blue P
Fast Mordant Blue H

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

Colour Index: 16670

OH 110 OIl

tiiijJ—

N= N

11035 S0311

Protonation constants of the indicator

log K1 log IL2 log K3 Conditions Ref.

..OH ...OJj ..OJj

12.4 9.30 7.6 I
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Stability constants of the metal..indicator m1c-———--—- -.- ———.'-—

Metal ion Reaction lo K Conditions Ref.

2+ 2+÷2111J = Ba(iU 6.2 10.002 2

2Ca 4 6—Ca' ÷2H1 = Ca(UL) 2 9.28 I'-0.002 2

2+ = Mi(IU) 8.5 I-0.002 3

Sr2 Sr2+÷21iLi = Sr(I1L) 7.11 i"-0.002 2

2+ 2+ 2i1L' = Zn(itt 10.5 4

Snectral characteristics of the indicator

Ion ,max x10max Colour Ref.

112L 525 1

IL 550 1

L 570 1.34 violet 1

Spectral characteristics of metal—indicator complexes
---.----- ..Metal ion Metal:Reaent

ratio

\A ,max nrn e 4xlOmax Ref.

Ba(II) 1:2 590 3.0 2

CaII 1:2 550 3.7 2

Mg(II) 1:2 550 3.0 3

SriI 1:2 550 3.4 2

ZnII 1:2 570 •4 4

Purification of the indicator —

_________ -
The indicator is no i usd as a 0 • 1% aqueous solution.

icaipicationsofthe indicatpr. Direct titration of: Ca (p11 12),
Mg (pH 10), Pb (p11 1 0, Zn pH I

REFEREICES

1 • V.11. Tolmachev and G.G. Lomakina, Zh.Fiz.Khim., 31, 1027 (1957.
2. V.11. Tolmachev and G.G. Loinakina, Zn. Fiz. Eltim., 33, 2302 (1959)
3. V.11. Tolmadhev and G.G. Lomakina, Zh.iz. ithim., 31, 1600 (1957.
4. V.H. Tolmachev and U.U. Lomakina and i. A • Shtuclik:Lna, Zn • I?iz • Khim.,, 808 (1959).



13. CAtLMAGITE

Compleximetric indicators H85

Protonation constants of

log K1 log K2
—OH 0JI
(p naphthoi) (phenol)

12.35 8.14
12.50 7.92
12.08 7.84
12.87 7.01
11.98 8.52
12.30 8.15

Stability constants of metal—indicator complexes

Metal ion

A13

Ca2

Cd2

• 2+Co

2+Cu

Ga3+

heact ion

= AlL

AIL+L3 = AlL
AlLj+L3 = AlL
Ca+L3 = CaL

+ 3— —
Cd +L = CcLL

2 3.,. —Co' .i-L = C0L

Cu+L = Cui

(3L3 = GaL

GaL+L3 = GaL
= GaL

ln3+L = DIG

InL+L3 = InL

Synonyms: -

Chemical names:

1 —(2—Hydroxy—5—mothyl—phenylazo —Z.naphthoi—4sulphonic acid
3—Hydroxy—4—6—bydroxy-m-tolyi) azoJ -1 -naphthaionesulphonic acid
(the conmiercial product is a monosodium salt)

Colour index: —

011
110

tIi;J—

N N
S0311

0113

the indicator

Conditions Ref.

1=0. 1
1=0.1
1=1.0
1=0.2

1=0.1

2
2
3
4
5

log K Conditions i&ef.

16.58 0.111 NaCIO4 5

16.80

9.90

o.1 1=0.1 1

12.59 1=0.3 6

21.03 1=0.3 6

21.70 1=0.3 6

18.30 1=0.1 5

16.80

14.30

18.58 1=0.1 5

16.82
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Stability constants of metaiindicator comniexes. (Cont. -. -

Metal ion Reaction log K Conditions Ref.

Spectral characteristics of the indicator

Ion X , witmax e x10max Colour Ref.

H2L 520 2.0 red 1

iu,2 610 1.9 blue 1

L 500 1.0 red 1

2+
Mg

.2+Ni

Pb2

Th4

Y3+

Zn2

LiL+L3 =
3+L3 = IrL

14.50

17.09 1=0.2

InL+L = InL 14.87

Ja3+L3' = LaL

LaL+L3 = LaL
= LaL

14.60

7.50

6.07

0.1M NaCl01

Mg+L3 = Mg17 8.1 1=0 • 1

= NIL 21 .63 1=0 • 3

Pb2+L3: = PbL 12.90 1=0.3
Th1+2L = ThL

=

YI+L = YL
= YL

33.2

15.70

7.85

5.9

0 • 1M NaClO1

= ZnL 12.31 1=0.3

= Zni 12.52 1=0.1

22L3 = zni 20.23 1=0.1

19.57 1=1.0

3

Li.

I

6

6

7

4

6

2

fectra1 cht tics of metal-indicator co1exes

Metal ion Metal:Reaent X wit E x10 Colour Ref.max maxratio

Al(III 1:3 570 4.2 violet 8

CaII 1:1 520 4.0 red I

Cd cii 1:1 6o 1 .6 redviolet 6

Co(II) 1:1 570 1.8 violet 6

Cu(I1) 1:1 520 1.8 red 6

Ga(III) 1:3 545
In(II] 1:3 545 5
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pctrai characteristics of metal-indicator complexos. (Cont .)

Metal ion Metal:Reagent
.rato

X ,rimmax e x104max Colour Ref.

Mg (ii 1:1 51+0 1+. 6 red—violet 1

Ni(LE) 1:1 560 2.3 red—violet 6

Pb(Ii) 1:1 560 1.5 red..violet 6

ZnII 1:1
1:2

6o
550

1 • 2

k.o
red—violet
red—violet

6
2

Zr (iv) 1:2 600 0.68 9

Purification of the indicator CHef. 19 from inorganic impurities has been
caxried out by örystafljzaUojr eThanol. The sample of calinite was
converted into the acid form and crystallizodfrom isopropanol + hexane.

Purity check (Ref. 1p by thin layer chromatography on cellulose using as
eluent n—propanol—ethyl acetate — water (5÷1÷4).
The indicator is noall1 used as 0.05% aqueous solution or 0.1% othanolic
solution.

Typical applications of the indicator. Direct titrations of Ca (pH 10), Mg
çpH 1 0, Zn (piE 83— 10. 5).

REFERENCES

F. Lindstr8m and M. Diehl, anal. Chern., 32, 1123 (1960).
G. Nakagawa, H. Wada and Y. FüJ[taBuil. Chem. Soc. Japan, 46,1+89 (1973)H. Sarin and K.N. Nunshi, J. Lid. Cliern. Soc., 55,12 (1978).
S. P. Musliran, 0. Prakash, Kushwaha axid C• K. Verma, J. md. Chem.
Soc. , 548 (1978)
D.C. Srivastava, 0. Prakash and S.P. Mushran, Nikrochirn. Acta, 30(1972)
N. Kodarna and K. Miyamoto, Bull. Chem. Soc. Japan, 1+2, 835 (1969).
P.J. Curzio and P.P. Lott, Athal. Chlm.Actii, 261+87 (1962)
C. Woodward and H. Freiser, Th1anta715, 321 T5968)
G.P. Gupta and K.N. Munshi, iiia1. Chem., 277, 206 (1975).J.A. Bern, Thesis, Warsaw Uniiiity, (197w.

14 • ERIOCHROME BLACK T

nms: Calcochrome Black T Omega Chrome Black P
Chrome Black TN Pontachrorne Black TA
Chromogenblack LVI' Potting Black C
Diamond Blue Black BBS Soiochrome Black T

Chemical names:
1..(l —Jlydroxy—2—naphthylazo) —6—nitro—2—naphthol—4—sulphonic acid
3—Hydroxy—4( I —hydroxy—2—naphthylazo —7—nitro—1 —naphthaiene sul—
phonic acid
(the commercial product is a sodium salt)

Coloisr Index: 14645, Mordant Black 11

2.
3.
4.

5.
6.
7.
8.
9.

10.

OH

HO3S

02N

OH

= N
H3L
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Protonation constants of the indicator

log K1
-.011

(o(naphthol

log L2
-.011

(ft.-naphtho

log K3

..S0311

Conditions Ref.

11.5 6.35
63

3.85 1=0.1
1=0.008

1

2
11.55 1=0.008
11 .50 6. 91 1=0 • 1 3,4
11.31 6.80 1=0.3 5
10.71 7.16 1=0.1 6

Stability constants of metal—IndIcator complexes

ilotal

2+ha

Ca2+

ion Reaction log K Conditions Ref.

Ba2+L3 = BaL 3.0 P-.0 • 1 7

= CaL .4 i''0.02 2

Ca2+L3 CaL 5.3 1=0.1 3

Cd2 Cd2+L3 = Cd17 12.74 1=0.3 5

2+ 2+ 3 -
Co Co +L = CoL 20.0 1=0.3 8

Cu Cu+L3 = CUL7 21.38 1=0.3 9

= 8.80 1=0.1 6

LaL+L3 = LaLç 5.25
= LaL 4.30

1-1g2+L3 = Mg17 7.0 1=0.008 2

Mg2+L3 NgL 7.2 10.1 3

= 1gI+I1 —4.8 1=0.15 10

Mn2+L3 = MnL 9.6 1=0.1 11

NnL+L3 MnL 8 • 0

Ni2 i2+L3 = N±L 20.8 1=0.3 8

Pb2 Pb2+L3 = PbL7 13.19 1=0.3

V0 V0+L3 V02L2 i4.4 1=0.1 12

VO2L+L = V02L 10.9

= 10.70 1=0.1 6

= 9.17

4'+L= YL 5.35

= ZnL 12 • 9 1=0.1 11

ZnL+L = ZnL 7.1

= ZnL 12.31 1=0.3 9
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Spectral characteristics of the indicator

Ion X , nmmax e x10'4max Colour Ref.

113L
red 3

H2L red 3

iu2 615 3.2 blue 3

L3 orange 3

Spectral characteristics of metalindicator complexes

Metal ion Metal:Reagont
-

ratio ,ninmtx e x1Omax Colour Ref.

Cd(II) 1:1 580 2.9 5

Cu (ii) 1:1 500 1 red 9
Er (iii) 1 :1 640 2.3 blue 13
Gd (iii) 1:1 640 2 •2 blue 13

La(ili) 1:1 640 1.9 blue 13

Mg(II) 1:1
1:1

550
550

2.8
2.2 red

7
14

Nd (iii) 1:1 640 2 • I blue I 3

Pb(II) 1:1 580 2.6 violet 5

v(v) 1:2 570 12

YbIIl 1 :1 640 2.4 blue 13

Zn(II) 1:1 580 3.3 violet 9

Purification of I;Jie indicator (Ref. 3) has been carried out by crystalliza..
tion of the iiidicator Tiü the acid form) from methanol.

Purity C91.

Le flOX'ZX1l7 USEd as solid mixture with NaCI (1 : 200.

'1,pica1 applieation of the indicator. Direct titration of Mg (pH 10), ?fii
(pH 8—I 0) , Pb (pH • 10), lütinides(H 8..9) , Zn (pH 7.-i 0) . it has boon es
pecially recommended for Mg (pH io) and Zn (pH 7..l0). Also in back titra...
tion determination of Ba and Sr, Di , Ca , Hg (II) , In, tin, Ni. with Mg (ii or
Zn(II solution as titrant at pH 10. MgII solution as titrant is used in
determination of Cu (pH 10), Ga (pH 6 •59.5), Sn(iv) (pH 9), Tl (p11 8)
znCri) solution as titrant is used in determination of Al (p11 7..8), Cr (p11
9-.1 0), Fe iII (p11 7), Ga (p11 8l 0, Mo(\ pH 10), Pd (p'1 10), lanthanides
(pH B9), Sn IV (pH 9, Tl (ph 8). Mn II solution as titrant is used in de-
termination of Al pH 9—10), Cr (phi 9I 0), Cu (pH 6.5), Fe (iii) (pH 9, In
(ph 10), Ni (pH io), Pd (phi 8—10, vO1 (pH 10. PbII solution as titrantis used in determination of Ga (pH 8—10), In (p11 io).

REFERENCES

1 • N. Khalifa and S. N. Bishara, Z • anal. Chew., 183, 108 (1961)
2. G. Schwarzenbach and N. Biode aim, Hèlv. Chiin. Acta, j, 678 (1948).
3 • N. Diehl and F. Lindström, Anal. Chow., j, '4T4 (1959).4. F. Lindstrbm and A.D. Womble, 'Dlanta7 20, 589 (1973).
5 • N. Kodama and C • Sasaki, Bull. CheiiSoc. Jaan, ki, 127 (1968)
6. S.?. Mushran, 0. Prakash,L. (Uihi.1Ia and C.K. Verma, J. Indian. Chew.

Soc., , 548 (1978).
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7. G. Schwarzenbach and H. Flaschka, Die Kompiexometrische Titration, 5
Aul'l. F. Enke, (1965).

8 • M. Kodama and K. Myamo to, Bull. Chem. Soc. 835 (1969)9 H Kodama and H ebine, IKill Chom Soc Jaan, 40, 1857 (1967)
10. H. Walser, Anal. Chem. 32, 711 c19oj.
11. A. Ringbom, Complexation in Analytical Chemistry, J. Wiley, Now York,

(1963).
12. S.P. Mushran, 0. Prakash. J.1I. Vcrma and R.L. kushwaha, Microchem. J.,

21, 149 (1976).
13. T. Tanaka, Isik, 16, 27 (1967).
14. V.M. Tikhonov, 1.M, 26, 1616 (1971)

15. ERIOCIffiOME BLUE BLACK H

Synon: Acid Chrome Blue Black
Alizarine Blue OCR
Anthracene Blue Black EHN
Calcon
Chrome Blue Black RC
Chromechtschoarz RN

Chrome Dark Blue ERM
Diamond Blue Black R
Erio R
Eriochrome Blue Black RSS
Solochromo Dark Blue B

Chemical names:
I 2— Hydrox—1 ..naphthylazo) ..2—naphthol-.4—sulphonic acid
3—1ydrox-k..2—hydroxy-1 ..naphthyl) _azo] -.1 ..naphthalene sulphonic acid
the commercial product is a monosodium salt)

Colour Index: 15705, Mordant Black 17

H3L

Protonation constants of the indicator

log K1
—OH

log K2
—OH

(in suiphonated
ring)

log K3
.SO3H

Conditions Ref.

13.5

13.5
12.87

7.0
7.36
7.01

1.0

1=0.08
1=0.008
1=0.1
1=0.2

1
1
2,3
4

S+hi14ty constants of metal—indicator complexes

Metal ion Reaction log K Conditions Ref.

Al3+L3 = AlL 22.5 0.1M NaCl, pH 3—6

Be2'+L3 = BeL 0.1M MaCi, p11<7

Ca2+L3' = Ca17 5.25 1=0.02

Ca2+L3 = CaL 5.58 1=0.1 2

A13

Be2

Ca2

5

1
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Stability constants of metalindicator comni (Cont:)

The exact composition of No(VI) and
reported.

wcvi species has not been

XX In presence of 0.IM o-hydroxyisobutyric acid.

ion lo K Conditions Ref.Metal Reaction

2+Cd

c2+

2+ 3Cd +L = CdL2

Co2+2L3 CoLt
Co2+llL2 = Coi]L

10.4

19.0

8.7

Cu2 Cu+L3 = CuL 21.2

CuL+0H = Cu (oi L2 4

3+ 1e3+L3 = FeL 20.6

00.

In3

1eL+L' = 1reL

Ga3+2L3 = GaL
m3+i3 = InL

17—18

12.4

16.48

InL+L = InL
In3+L3' = mi1

14.66

16.9
La3 1a3++11L2 = La11L !3.4

2+ g2+L3 = ML 7.56

= MgI 7.64
2+ u2+J3 = NUI7 10.6

X

Ni2
ioj +H2IJ +211 IIoI
Ni+L3 = NiL

13.8

15.4
Pb2 Pb2+L3 = Pb17 13.2

p4 = 19.8

Ti3 Ti3+L3' = TiL 23.4
j3+ ,p3++J]:LJ2 = ]ujft,+ .6
U0
,3+

U0+L3 = U02L
V+L3 = VL

18.9

21.7

V0
[w]

X

3+

V0'+L3 = V02L

[wJ + 11211+ =[
= YL

16.3

5.4
13.6

Zn2 Zn2L3 . Zn17 12.5

Zn2+N113+L3' =
= Zn (NH3)I.

0 • 111 NaC1, p11)11 .5 5
0. 1 N NaC1, p11<9 5

0.IM NaC1, 100°

0. 111 NaC1, pH-.9, (Nil3) 6

0.1I NaC1, pi1''4 5

0.IM NaC1, p11 6—9

1=0 7

1=0.2 4

0.1 N NaCI, p11 4..9 5

0.1M NaC1, p11 57XX

1=0.08 1

1=0.1 2

0 • 1N NaNO3, p11 1 0 5
0.111 NaCI 5

0.1 N NaCI, p11<10 5

0.1 N NaNO3,

0 • 111 NaC1,

pH-1 0

pH 4-.8

5

5

0.111 NaC1, pIF"5 5

0 • iN NaC1, p116 5
0 • 111 NaCl, p11 5—11 5

0.111 NaCI, pIi'-5 5

0. IN NaNO3, p11 5—10 5

0.111 NaC1 5

o • iN NaC1, p11 7 5

21=0.1

16.4 1=0.1 8
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Snectral characteristics of the indicator

"U' max10 Colour Ref.

H2L pink 2

2- blue 2

L3 pink 2

Spectral characteristics of metal.-indicator complexes

Metal ion Metal:Reagont
ratio

X nmmax x10max Colour Ref.

Ca (Ii) 1:1 pink 2

Ce (xv) 1:1 530 brown 9

Ga(ILE) 1:2 580 7

La (iii) 1:1 530 brown 9

Mg(II) 1:1 pink 2

Nd (ii.i) 1:1 530 brown 9

Pr (iii) 1:1 530 brown 9

Sm (iii) 1:1 530 brown 9

u(vi) 1:2 SkO 1.87 10

Purification of the indicator CRef. 3) has been carried out by dissolving
the acidi& I arm 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.

tk:
The indjcator is norma1l used as o.% solution in methanol or ethanol,
also as Zn — salt (Zinchrome R)(Ref. 11).
Typical application of the indicator. Direct titration of Ca (pH ii.),
Mg (pH 10), 1n pH 10), Zn (pH 1O).

REFERENCES

1 • G. Schwarzenbach and Ii. Biederinann, He1v Chim. Ac,2 678 (19148).
2 • G. P. Hildebrandt and C •M. Reilley, Anal. Chem., , 25W (1957).
3 • F. LindstrOm and B. Womble, Talanta, 20, 5B9 (i 973).
14. R. Sarrin and N.N. Muxishi, J. Indian. Chem. Soc., , 512 (1978).
5. G.L. Silver and R.C. Bowman, Talanta,i4, 893 (1967).
6. D.W. Rogers, D.A. Atkens and C.M. Reilley, J. Phys. hem., 66, 1582

(1962).
7 • A.P. Joshi and K. P. Munshi, Chiru. Analyit., j, 182 (1969
8. C.M. Reilley and R.W. Schmid, AnaI Chem., 31, 887 (1959
9. S.M.F. llahman, M. Ahmad and J.Ahmad, GIndian.Chem.Soc., , 531 (1968)
10. H. Havrodin, Rev. Roum. Chim., j7, 119t7); cfZ. anal. Chein.,
7, 3814 (1973).

11. L. Cheng, Chemist Lnaly8t, , 79 (1956).
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Synonyms: Dye of Patton and Roeder
Calconcarboxylic acid
Cal-Red

HO 000M

NQ
0

HSN
HHSNN
NN-Indicator

constants of the indicator

log log IC2 log log K4 Conditions Ref.

—OH OH
(in sulpho—
nated ring)

—COOH —SO H

13.67 9.26 O.ii lCd I

13—14 9.4

1 4.4 7 • 6

3.8 1—2
4.4 2.7

1=0.1
0 • 1N KC1, so% NeOH
0 •1K ICC1, 25% MeOll

2
3
3

Stability constants of rnetal..indicator comploxes

Metal ion Reaction log K Conditions Ref.

Ca Ca2++L = CaL
-

5.0 10.1 2

Ca2+÷L4 = CaL2 5.85 0.1K KC1 I

Ca2++L4 = CaL2 6.3 0 • 1K KC1, 25% MeOH 3

Mg2 2++L4 = NgL4 7.6 0.1K lCd, 25% MoOR 3

Spectral characteristics of the indicator

Ion X , rimmax x104max Colour Ref.

112L2 -54o red—violet 1

lri3 620 blue 1ji pale-pink 1

Chemical names:
1 -(2-Hydroxy-4..sulpho- 1 -naphthylazo)-2—hydroxy-3-naphthoic acid
2-Hydroxy-1 -(2-hydroxy-4-sulphonaphthylazo ..3-naplithoic acid

Colour Index: -

H4L

Protonation
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Spectral characteristics of metal.indicator complexes

Metal ion Metal:Reagent Xmax nm émaxX10 Ref.

Ca(II) 1:1 620 1

u(vi) 1:2 570 4

Purification of the indicator has been carried out by washing of the indi-
citor with .10 per cent hy ochioric acid (Ref. 5).

Purity check:
The indicator is normally used as solid mixture with Na2SO4 (1 :100).

ica1 apiication of the indicator. Direct titration of Ca (pH 12-12.5).

RIFERENCES

1. A. Itoh and K. Tieno, Analyst, , 583 (1970).
2. K. Passinen, Licentiatarbete, Xbo Akademi, 1957.
3. A. Kosak and H. Ballczo, Z. anal. Obern., 188 (1971)
4 • N. Mavrodin, Rev. Roust. Clthn., ii,. 1199 (fy72).; of • Z • anal • Chew.,

267, 384 (1973).
5. YPatton and W.Reeder, Anal. Chow., 28, 1026 (1956).

17. PAR

Synonyms: -

Chemical names:
4(2Pyridylazo) -1 , 3—dihydroxybonzene
Pyridyl-(2—azo—4) ..resorcin
k—(2Pyridylazo) resorcinol
1 ..(2,4-Dihydroxyphenylazo-pyridine

Colour Index: -

N=NII1
Protonation constants of the indicator

Log K1
o-OH

log K2
p-OH

log K3 Conditions Ref.

12.5 5.83 2.7 0.IM KNO3 1

12.31 5.48 2.66 0.1M NaClO4 2

11.9 5.6 3.1 1=0.1 3

11.5 6.20 2.57
11.95 5.57 3.03 1=0.1 5
11.98 5.6 3.02 0.IM KNO3 6

12.4 6.9 2.3 1<0.01, 50% dioxan 7

13.00 7.01 2.35 1=0.1, 50% dioxan 2
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Protonation constants of the I +n•(Cont)

o-OH p-OH
Log K3 Conditions Ref.

13.42
12.36
12.12

6.87
6.54
6.81
5.9

2.31
2.49
2.93
2.64

I 0.01, 50%
50% dioxan
1=0.06, o%
30% DMF

dioxan

EtOH

8
9

10
11

Stability contaits of mea1-indicator ceç
Metal ion Reaction

-

log K Conditions Ref.

A13+L2=A1L'

A1oH2"+2iu7=A1oH(rrL 2

Bi3+BL' = BiI-1L2

Bi31+HL, = BiBL2

Cd2+i]L = CdHL

Cd2+HL' = CdBL

Cd2+2L2' =

Co2+2L2 = CoLt'

Co2''+2L2 = CoLt'
Co2+HL = CoUL

CoHL+HL7 = Co () 2

Co2+flL = CoHL

CoHL'+HL7 = Co(HL)2

Co2'+IL7'+L2=Co (iu L
CoL+H4' = CoiiL

Co0BI7+H = CoL

Cu2+HL' = CuHL

CuIJL+H17 = Cu(uut 2

Cu2+IJL = CuflL

CuHL+H17 = Cu(H[ 2
Cu2+HL = CU.HL

Cu2+HL = CuJJL

Cu2'+2L2 = CuL
Cu2'+11L = CuBL

Cu2+2L2 = CuLt

O.1M NaC1O4

1=0.1

O.1M NaC1O4

0.1M NaC1O4

1=0 • 1

0.th NaNO3

I''0. 005,o%

1=0.1

12

13

10

14

15

14

15

16

17

18

18

19

dioxan 20

18

0.IM NaC1O4

1=1.0, 5o% EtOH

1=0.06, o% EtOH

0.1M NaC1O4

1=0 • 1

A13

Cd2

Co2

Cu21

11.5

23.52

—1 .35

17.2
18.2

10.5

11.5

19.6

21.1

21.5

10.0

7.1

14.8

8.2

18.6

4.7

6.0

14.8

9.1

i6.4

8.9

15.44

17.5

38.2

16.5

36.1

1=0.1, 50% dioxan

1=0.1, so% dioxan 18

i'o.oi, so% dioxan 8
1=0.1 15

1=0.1 11
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Stability constants of metalindicator cornolexs. (Cont

Metal ion Reaction io K Conditions Ref.

CuL+H = Cu1L

Cu0IU7+FI = CuL

= DyL
DyiIL2

= ErL
= ErllL2

Fe+R2L=FeI2+H
FoL+H FeIU2

Ga+IiL = GaI1L2

= GaL'

aoii2+iu7' GaL

=

In3++2L2 ini
In '+L' = InL

=

:i:ii +J1LIiflL+2hj

= LaL

= MnL
=

MnIJL+ItL7 = Mn(u) 2

MnL+H = MnIiL

Nn0IiL+H =

Mn2+itL = 11nIL

= u(iU) 2
Nd+L2 = Nd1

Nd+HL = NdflL2

Ni2+IJL = Nil1L

NiIIL+i]L N (m.) 2
NiL+H = Ni1]L

Ni0iIL+1i = NiL

5.56 1<0.01, 50% dioxan

10.09

10 • 6 0 I N NaCl01

11.2

10.1 0 • IN NaClOk

11.0

1=0.1

i=o.o6,

1=0.1

1=0.2, 50% dioxan

i=o.o6, so% EtOH

0.111 NaNO3

I'0. 005,50% dioxan

i--o.oo,o% dioxan

9.8 0 • 11'1 NaCl0

11.1

21

22

10

:3

9

12

23

7

20

8

12

12

60.111 KNO3

0.211 NaClOk

0.8

i•37
i.6
30.3

'-18.8

2.90

13.6

27.0
1 2.5k

11 .L6

1 .79

Ga

La
2÷

Nd

.2+Ni

o% EtOli

9.2 0 • 111 NaCl0

10

i.6
9.7

9.2
8.8

10.3

9 •79

9.13

1<0.01, 50% dioxan 8

12

7

20

13.2

12.8

7.7

9.2

I'.0.0o5,50% dioxan

I'0.005 ,o% dioxan
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Stability constants of metal—indicator conrnlexes. (Cont.)

Metal ion Reaction lo K Conditions Ref.

Ni (iii,) I+I2=Ni (rn) j'
Ni2+2L2' = NiL
Pb2+HL' = PbJJL

Pb2+HL' = PbHI1'

Pb2+2L2 = PbL

Pb2+I1L = PbHL

?b2+2L2' = PbL

Pb2+L2' PbL

Pb2+HJ7 = PbHL

Pr3-iL2 = PrL

Pr3+HL = PrHL2"

Sc31+HL ScIL2

= SmL

Sm3+HL' = SmIJL2

T1+HL7 = TlHL2

Ti. (OH) +jix7=pi (oH)

U0+L2' = UO2L.

UO2J1+L2 = UO2L
UO+L2 = 1302L

TJO2L+L2 UO2L
UO+L2' = UO2L

iJO2+L TJO2L

U0+H17 = UO2HL

VO+L2 = V02L

VO+L2 = V02L

VO+HL VO2HL

Y3+L2' = YL

8.6

11.9

24.7

12.9
26.6

10.96

5.45x

4.35 1=0.1, o% dioxan

5.38

1=0.1

9.3 0.IN NaClO4

10.5

12.8 i=o.4

10.1 0.1M NaC1O4

ii.4

24

19

18

11

15

12

28

29

6

18

8

30

31

32

12.4

22. 1

O.1M NaC1O4

0.1M NaClO4

1=0.1

0.1M NaC1O4

1=0.1

1=0.1

PdHL+H

PdL+H =

Pt2+L2'

Pt2+IiL

= PdH2L2

= PtL

= PtHL

15.7

20.1

Pb2

Pd2

Sc31

Sm3

Tl3

uO+

25

26

12

27

17.93

24.17

12.5

8.4
16.2

9.6

11.9

11.9

12.7

16.49

18.81

17.16

0.1M NaC1O4

0.IM MaCb4

1=0.1

1=0.1, o% dioxan

1=0.1

1=0.1

1=0.01

1=0. 01

9.1 0.IM NaClO4 12
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Stability constants of metal—indicator (Cont.)

Metal ion Reaction log K Conditions Ref.

YHL2 10.2

m3+ Yb3+L2'

Yb31÷HL

YbL4'

= YbJJL2

10.2

11 • 1

0.IM NaCIO4 12

Zn2 Zn2+1 ZnjJ 10 • 5 1=0 • 1 18

ZxilJL+m7'

Zn2+liL7

= Zn 2

=

6.6

11 • 2 1=0.1, 50% dioxan 18

ZrJ1L+1113'

Zn2+HL

= Zn(H1) 2 7.8

12.6 1=0 • 1 15

Zn21U7 Jfl4 11.6 1=0.1 11

Zn2+2L2'

2+2L2
ZnL2

= ZnLr

23.2

20.5 1=0.1

Zr Zr coH+1=Zr OH3HL 16.5 1=0.1 34

In the case when MHIn complexes are formed, the metal ion re-
places proton in o.-OH group, except the starred value which was
calculated assuming dissociation of p.-bydroxyl proton.

Condjtional stabiljty cons teats of me tal-indicatox' com1exes

Metal ion Metai:Reagent
ratio

log K Conditions Ref.

AgI 1:1

*

5.47 pH 10.5 35

Au(III)

Cr(III)

1:1

1:2

5.7

11.5

'.0.01M 11N03

p11k

36

37

Ga(LEI) 1:2 10.0 pH 4 38

Gd(iII) 1:2 9.9 pH 6.2 4

1Ig(II) 1:1
1:2

5.7
11.0

pH 5.5_6.SX
pH 3

39

Ho(III) 1:2 9.9 pH 6.2 4

In(III) 1:2 9.6 p11k 38

Lu(III) 1:2 10.1 pH 6.2 4

Nd(II] 1:2 9.4 pH 6.2 4

Pr (iii) 1:2 9.9 pH 6.2 4

Sm(III) 1:2 10.3 pH 6.2 4

Ti (iii) 1:2 9.8 pH 4 38

mi(II1) 1:2 10.2 pH 6.2 4

Yb (ix 1:2 9.8 p'.1 6.2 4

in H20+EtOH+MeOH+dioxan (3k+k+31+31
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Sntra1 chamøtAriR±in of the indicator

Ion Xmax inn emaxx10 Colour Remarks Ref.

HqL
'

395
395

30
6

395 1.55 2
395
420

43o—k4k
l+41_448

1.48
yellow

o%
30%
90%

dioxan
DMF
DMF

4o
41
30
30

H2L 385
386

30
6

383 1.57 2
385
392
388
389

1.52
yellow

so%
30%
90%

dioxan
DMF
DMF

40
41
30
30

m7 413 30
414 6
413
415
414
413

2.59
2.31

yellow
o%
30%
90%

dioxan
DMF
DMF

24Q

2
L
30

L2 488 6
485 1.73 2
490
502 1.78

orange
50% dioxan

40
41

Spectral characteristics of metal—indicator oomlexes

Metal
ion

Metal:Reagent Xmax,nm emaxxlO'4 Colour Ref.
ratio

Ag(I) 1:1 510 2.03 orange 35
Al (iii) 1:1 (AXL") 3. 64(X=5 10) 12

Bi (iii) 1:1 (BiHLZ1') 515 1.07 15

Cd (II) 1:2 (cdL) 495 5.78 15

Co(II) 1:2 510 5.67 42

1:2 510 6.00 red 17

Co (iii) 1:1

1:2
(C0L)
(co(irL)

510

558,430 1.85; 3.75

43

Cr(III) 1:2 550 1.2 37
Cu(II) h1 (CuHL) 522 1.29 15

Dy (iii)

1:2

1:1

1:1

(CuLt')
(DyHL,2)
(DyL4')

505—510 5.89
1 • 12(X=51o)

2.7 (X=53o)

12

E3(]]I) 1:1

1:1

(&ii2)
(ErL)

1.59(X=510)

4.1 (X=530)

12

Fe (ii) 1:3 500 5 •0 red

Fe (III)

Ga (iii)

1:2

1:1

1:2

(FeL)
(Gam12')

(Go.L)

535
490
500

6.1

24, 12

9.9

orange

orange

21

21

Gd(III) 1:3 576 8.89 45



1200 COMMISSION ON ANALYTICAL REACTIONS AND REAGENTS

Snectral characteristics of metal—indicator complexes. (Cont.)

Metal
ion

Metai:Reagent X ,nm . x10 Colour Ref.max maxratio

Hf (II]) 1 :4 510 75x1 orange 46

Hg (ii) 1:1 4o 2 •01 orange—red 47
1:2 500 6.8 48

Ho (III) 1:2 515 red 4

In (iii) 1:1

1 :2

(miIL2)

(InL)
505

500—510
1.71

9.67

3

1:1 500 3.28 orange 49

La (iii) 1:1 (LaL) 1. 85(X=510) orange—red 12

Lu (iii) 1 :2 515 red 4

Mn (ii) 1:2 496 8.65 23

Nb (III) 1:1

1:1

1:1

540

520

520

2. 33x2

28x3
303X4

50

Nd (III) 1:1

1:1

(NdnL2)
(N1L)

1 .06(X=5io)

4.0 (X=jo)

12

12

Ni (ii) 1:3

1:3

490

495

1.75

7.64

red

orange

51

24

Np(V) 1:1 510 4.29 52

Pb (Ii) 1:1 (PbHL) 512 1.08 15

Pd (ii)

1:2

1:1

1:1

1:1

(PbL')
(Pdxi2L2)
(PdnL)
(Pd (oH)L)

522

580

515;525
520

5.02

0. 86x5

2.68; 289x5
25x5

green

red

red

25

Pr (iii) 1:1

1:1

(PrHi2")

(PrL)
1.09 (X=s i o)

2.0 (X=o)
12

Pt(II) 1:1

1:1

(ptm,)
(PtL)

660

520

2.29

5.95

26

mi(III)

Sb (iii)

1:2

1:2

510

540

0.7

2x6 red
53

4
Sc (iii) 1:1 530 1 . 47(X=520) 27
Sm (III) 1:1

1:1

(smm12)
(SmL)

1 • 15(X=5i o)

4.1 (X=530)

12

fln(III) 1:2 515 4

Ti (III) 1:1 520 2 •0 28

u(vi)

v(iv)

1:1

1:1

1:1

1:1

(uo2iuj)
(uoL)
(voHL ")

(voL)

510

530

525

4o

1.86

3.85

i.6
3.3

30

v(v) 1:1 (vo2m) 525 1.7 55

Y (iii)

Yb (iii)

1:1

1:1

1:1

1:1

1:1

(vo2L)
(r2)
(YL')

(maL2)
(mL)

3.6

1.44 (X=s 10)

4.7(X=520)

1 .3(X=51o)
4. o(X=o)

12

12



Metal
ion

Metal :Reagent

-

ratio Xmax nm EmXl Colour Ref.

1:1
1:2
1:1

5&O
k95
520

0.22
9.05
1.5

15
33
3k

Zn (II)

Zr (Iv)

xl in
x5 - in i—PeOH, x2 — in oxalate, x3 — in tartrate, xk — in fluoride,

so% 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.

Typical application of the indicator. Direct titration of Bi (pH 1—2), Cd
(pJU9—1 0) , Cu(pH 5—1 i) , Fe (Jill) (pfl-3) , Ga , In (pH 2—2 .5) , Mn (pH 9) , Pb
(pH 5—6, 9—10), Tl (pH 1.7), Zn (pH 5—6, 9—Il), and lanthanides (pH 6—7);
especially recommended for Bi (pH 1—2). Also in back-titration of Al (pH 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

§ynonyws: 2-(4—Sulphophenylazo) -chromotropic acid

8hemical names:
2-(4-Sulpliophenylazo).1 ,8-dihydroxynaphthalene-.3,6-disulphonic acid
4, 5-Dihydroxy-3-[(..sulphophenyl) azo] -2, 7-naphthalene-disulphonicacid
(the commercial product is a trisodiuw salt)

Colour Index: —

N = N
H5L

HOS HO,S SOFt
3 j 3

Protonation constante of the mdicator

log K1 log K2 Conditions Ref.
-OH -OH

8.90
8.52 1=0.1

1

2
15.1 9.26 3
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Conditional stability constants of metal—indicator complexes

Metal ion Metal:Reagent log
ratio

K Conditions Ref.

Dy(III) 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

Gd(III) 1:1 4.1 pH 6.0 5
4.7 pH 7.02

Ho(III) 1:1 2.8 pH 606 4
3.5 pH 7.07
4.0 pH 7.50

2:3 19.3 pH 7.86

La(III) 1:1 3.5 pH 6
3.9 p11 6.53

2:3 19.6 pH 7.7
16.9 pH 8.8

Nd(III) 1:1 3.9 p116.0 5
4.4 pH 6.94

2:3 21.9 pH 7.7
16.2 pH 8.8

Pd(II) 1:2 9.9 pH 3.5 6
1:3 '.15 p11 10.5

Pr(III) 1:1 3.9 p116.0 5
4.0 pH 6.65

2:3 19.2 pH 7.7
16.9 pH 8.8

Sm(III) 1:1 4.0 p11 6.0 5
4.7 p11 7.22

2:3 21.2 pH 7.7
16.2 ph 8.8

Y(III) 1:1 4.4 p116.0
4.8 pH 6.8

2:3 21.8 pH 7.7
17.4 p11 8.8

Spectral characteristics of the indicator

Ion Colour Ref.

112L3 510—520 "0.3 red 3

HIJ 510—520 "-'0.2 red 3

L5 530 '—'0.25 red 3

Spectral characteristics of metal-indicator complexes

Metal ion Metal:Reagent X , rim E- x10 Colour Ref.
max max

ratio

Al(III) 1:1 590 7

Ba(II) 1:1 570 1.3 8

Ca (II) 1:1 570 blue—violet 9

Dy(III) 1:1 600 violet 4
2:3 600 violet
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Spectral characteristics of metal—indicator conp1exes

Metal ion Metal:Reagent
ratio

X , nmwax e x10wax Colour Ref.

c(iii) 1:1
2:3

542
553

10

-

Ho(II] 1:1
2:3

600
600

violet
violet

4

La(III) 1:1

2:3
528
538

10

Nd(III) 1:1
2:3

530
542

10

Pd(II) 1:2
1:3

550
580

6

Pr(III) 1:1
2:3

530
538

10

So(III) 1:1 6o 1.07 2

Sw(III) 1:1
2:3

532 10

Sr (II) 1:1 560 0.4 blue—violet 8

m(Iv) 1:1 580 3.2 blue—violet 11

Y(iII) 1:1
2:3 565

10

Zr(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 (Whatman 3MM) 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.

picai_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

Synoiyms: —

Chemical names:
k..(2' Thiazolylazo) —1 , 3—dihydroxybenzene
k—(2—Thiazolylazo)—resorcinol

Colour Index: —

OH

=
OH

H2L

Protonation constants of the indicator

log K1
o—OH

log K2
p.0R

log 5
mNfl

Conditions Ref.

9.3 6.0 1.25 0.IM NaC1O4 I

9.44 6.23 0.96 0.1M NaClO4 2

9.59 6.16 1=0.2 3
9.68 6.15 4

1.56 1=1.0 5
9.15 0.1M NaC1O4 6

10.3 5.9 aqueous solution (?) 7
10.52 6.40 20% MeOH 8

9.88 6.18 1.13 1=0.1, 2% dioxan 9
9.49 6.17 0.98 1=0.1, 2% dioxan 10

12.80 7.37 1.65 1<0.01, o% dioxan 11

10.76 6.53 0.9 1=0.1, 50%MeOH 12

10.3 5.9 20% MeOH 13

10.7 6. o% MeOH 13

9.4 6.2 5% EtOH 13
10.67

10.54

6.51

6.6
0.75
0.75

0.1M IO0, 30% EtOH

1=0.1, 30% EtOH

14

15
10.42 6.56 0.84 1M NaClO4, 30% DMF 16

11.52 7.25 1.06 1M NaC1O4, o% DMF 16

Stability constants of metal—indicator comniexes

Metal ion Reaction log K Conditions Ref.

Al3 Al0n2+2mrAl0H(m)2 14.28 0. 1M NaC1O4, 17

o% MeOH

Bi3 Bi3+HI7 = BiRL2 13.11 0 • 1M NaC1O4 2

Ca2 Ca2+HL' = CaLtL1' 3.5 0 • 1M NaClO4, 12

50% MeOH

Cd2 Cd2+HL' = CdJJL' 70 0.IM NaClO4 4
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Co2+HL = CoHL

CoHL,+Ji17 = Co (EL) 2

Co2+2L2= CoLt
= CrHL,2

Cu2+EL = CuBL'

Cu2+L2' = CuL

Cu21+EL = CuHL

Cu2+L2' = CuL

= CuHL

Cu2+L2 = CuL

Cu2+HL = CuHL

CuL+H4' = CuHL

CuOHL +H = CuL

Cu2+H[7 = CuHL

CuHL+Hl7 = Cu (ilL) 2

Fe2+HL' = FeEL1'

Fe2''+2HL = Fe(HL 2

16.0 0.1)4 NaClOk,

50% MeOH

1<0.01, o% dioxan12.05

11.23

i6.i5

10

0.1)4 NaClOk,

o% MeOH

1=0.1

0.1)4 NaClOk,

so% MeOH

1=0.1, 30% EtOH

1=0.1

0.IM NaClOk,
o% MeOH

0.1)4 NaClO4

12

11

18

12

10

2

20

12

1k

20

12

21

21

Stability constants of m144nz+t ibv.1q (Cont.')

Metal ion Reaction log IC Conditions
-

Ref.

Cd2''+2HL" = Cd(BJ 2

0.1)4 NaClOk

0.1)4 NaClOk,

o% MeOli

1=0.1, 2% dioxan

0.1)4 NaC1O4

1=0.1

1<0.01, 50% dioxan

8. 3kx

13.66

11.56

13.55

8.

13.9

lk.2

11.56

10.13

12.3

9.9

9.5
21.6

Co2''

Cr3''

2÷Fe

19

11

12

Fe3''+112L = FeIIL2+H 0.67

Fe3+2H2L = Fe(HL +2II'' 0.73
Fe31'+HL" = FeHL2'' io.k
Ga3+HL" = GaHL21' 12 •0

=

=

In3+HL7 =

1n3"+L2" =

In3''+HL" =

Ga11L2'

GaL1'

IILIIL21'

9.1

12.8

io.o6 0.1)4 NaC1O4

10.8

10.8 0.1)4 NaClOk,

so% MoOR

9.146 1=0.1, 2% acetone,
so% DMF

9.143 1<0.01, so% dioxan

= IrEL2''

= MnHL1'

12

22

11
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Stability constants of metal—indicator complexes. (Cont.)

1 207

Metal ion Reaction log K Conditions Ref.

MnHL'+I1I7 = Mn (Hi;) 2
MnOHI7+H = MnL

= MnHJ

Ni2+RI$ = NiHLJ

NiHL+}tL7 = Ni (iii,) 2

NiL+II = NiHL

NiOH1+H = NiL

Ni2+L2' = NiL

Ni2+2L2'= NiL

Ni2+HI7 = NiHL

Ni2+HL' = NiHL'

Ni2+L2 = NiL

=

Sc3+I1L' = ScJ-1L2

ScHL2+HI7=Sc (Hi;);

Sc3+BL' = ScHL2

TiO2"+HC = (TiO)HL

Tl3÷H[7 = TlHL2

= T1HL2

= UO2L

= UO2HL

= UO2IJL

1=0.1

1=0.1

0. IN NaClO4

0.IM NaClOk,

0. iN NaClO4,

50% MeOH

0.1M NaC1Ok,

so% MeOH

10k 0.1M NaC1Ok,

so% MeOH

99
9.k 1=0.1

13 0.1M NaCIO4,
o% MeOH

12 0.1M NaClO4,

so% MeOH

0.1M NaC1O4

0.1M NaClOk

0.IM NaCIO4,

so% MeOH

2k

12

12

25

26

12

8.6

9.k
13.1

12.9k

11 .82

6.8k

8.55

10.0

17.1

9.2

10.23

0.1M NaC1O4
o% MeOll

1<0.01, 50% dioxan

1=0.1, o% EtOH

1=0.1

12

11

15

10

O4+H2L
+ni;

Pb2+HC

Ni2

Os

8+Os

Pb2

Sc3

TiO2

T13"

uor

= OsHL3+H
6+ += OsL +11

= PbHL

= PbH[

= PtrrL,'

1+.

"
8.3k

9.7
'' 12

23

23

2

50%1feOH 12

12

12

12

"-'12

Tl3+HL

UO+L2'
2+ —

TJO +HL

UO2 +iii7

13.ki

II .35
9.8

10.7

UO2HL+HL=UO2 (in 2
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Stability constants of metal—indicator comDlexes. (Cont)

Metal ion Reaction log K Conditions Ref.

UO+HI7 = UO2HL 9.5 1=0.1 13

VO+ VO÷HL = VOL÷H 19 1=0.1 27

vo2 VO2+IJL = VOHL 11 .2 0. IM NaC1O4

o% MeOH
12

V0

VOHL÷HL = VO 2
V0+H[7 =

V021IL

VO+HI7 = VO2HL

9.8

12. 1

10.2

1=0. 1, 30% DMF

1=0.1, 30% EtOH

28

Zn2 Zn2+HL' = Zn}JL

Zn2+I1I7 = ZnHL

7.19
11.08

0.1M NaClO4

1<0.01, o% dioxan

2

11

ZnitL+flL = Zn(rn) 2
ZnL+H = ZnI1L

10. 11

7.12
ZnOHI7 + H = ZnL 8.74

Zn (OH) 2L2+H=ZnOHL

Zn2+2HI7 = Zn(ilL) 2

8.98

17. 2 0. 1 M NaC1O4,

o% MeOH
12

ZrO2 ZrO2+HL" =(ZrO) HL 13 0. IM NaC1O4,

so% MeOH

12

X 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 K2.

Spectral characteristics of' the indicator (in aqueous solution)

Ion X , nmwax
—4xlOmax Colour Ref.

H 488
484
481

2.48(X=510) orange 2
8
14

H L
2

410—440
410—440
446

415,438

0.17(X=510)
"1.9

yellow
yellow

2
3
8

14
iu7 470

481
476

400,480

i.(X=io) 2
8
3

14
L2 510

515
516
513

3.45

3.k
red

red

2
8
3

14
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Spctra1 characteristics of metal-indicator complexes

Metal ion Metal:Reagent ). ,nm e x10 Remarks Ref.
ratio max max

Bi (iii) 1:1 (BiHL2) 4o 2.24 2

1:1 (aLL) 530 3.08 2

cd(II) 1:1 (cc1m) 500 3.06 2
1:2 530 50%MeOH 12

Co(II) 1:2 510 5.6 18
Co(III) 1:2 500 o% MeOH 12

Cr(IL 1:2 525x1 4.98 t—BtiOH —
1120

Cu(II) 1:1 (cum.) 560 2.09 2

1:1 (Cu1) 505-.510 3.11 2

1:1 (CuL) 515 2.92 1

1:1 555 50%MeOH 12

1:2 510 50%MeOH 12

1:1 (CuHL) 560 2% dioxan 9,10

1:1 (CuL) 520 2% dioxan 9,10

Fe (Iii) 1:2 480, ko 2.26 1

(X=sko nan)

1:2 495 3.3 30% EtOH 14

Ga(III) 1:1 530 -..'5.7 21

Hf (iii) 1:4 540 5.8 20% MeOH 29

lig(II) 1:1 525 o% MeOH 12

incin 1:1 530 2.24 24
1:2 530 5.22

Ir (iii) 1:1 520 2 14 2% acetone-i. 22
o% DMF

1:1 530 2.35 1

La(III) 1:3 520 3.52 1

MnII 1:1 527 o% MeOH 13
NiII 1:1 (Ni1fi.) ko 2.04 30% EtOH 15

1:1 (NiL) 505 3.1
1:2

(Ni(HI.)2) 4o 3.7

1:2 (NiL') 505 6.6

1:2 500 3.15 1

Os(IV) 1:1 550 1.55 23
Os(VIII) 1:1 550 2,22 23

PbçII) 1:1 (Pbrn..) 4o 1.99 2

1:1 PbL 530 3.04
1:1 (PbL) 530x2 3. 22 30

Rh iII 1:1 540 2. 28 water+DMF 31

SccIII 1:3 540 5.06 io% dioxan 32

1:2 520 1.9 1

TiIII 1:1 4o i. 1

Ti 1:1 (..TlHL,2) 520 2.28 25

1:1 (T1L) 4o 3.26

u(vi) 1:1 (uo2iu) 530 233 26

1:1 (uo2L) 540545 3. 25
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SDectral characteristics of metal—indicator comnlexes. Cant.

Metal ion Meta
r
l:Reagent
atio

,nmwax x10max Remarks Ref.

1:1 53k 7
V (III) 1:1 550 2.82 27

V (y) 1:1 545 2. 65

Zn (II) 1:1 ZnHL 520 2. 2

1:1 ZnL 500 3.55 2

Zr (Iv) 1 :1 515 o% MeOH 12

The following colours are given: xl — red, x2 — red—violet, x3 —
violet.

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

Purity check by paper chromatography using as solvent: isobutanol - ammo—
nia — water (i5+Z+i) (Ref. 33) . An alternative is thin layer chromatogra—
phy on silica gel with various solvent compositions: n—butanol — ethanol —
2M ammonia (+i+i) (Ref. 3l) , benzene — acetic acid (Z&+1)(Ref. 35) benzene
— chloroform — acetic acid (25+5+6.2)(Ref. 35) or carbon tetrachioride —
acetic acid (i5+1&) (Ref. 35) . On silica el 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 o.i% solution in ethanol or methanol. A
few drops of such solution are added to titrated solution

Typioal application of the indicator. Direct titration of Co (pH 4—7), Cu
(pH 1&_7), Ni (pH 4-7), Ti pH is,) lanthanides; especially recommended
for Cu (pH 47). In some titrations Cd, Fe, Hg, In, Mn, Ni, Pb, Sc, 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 names:
k4à—Arsonophenyl) azo] —3—hydroxy—2, 7—naphthaiene disuiphonic acid
1 -t2' Arsonopheny1azoD ..2-hydroxy-naphthalene3, 6 disuiphonic acid
(the conunercial product is disodium salt)

Colour Index:

AsO H

L.g) H5L

Protonation constants of the indicator

log K1 log K2
—OH

—AsO3H

log K3

—AsO3H2

log K4

—50311

Conditions Ref.

11.9 8.3 3.7 1=0.5 1

10 7.2 3.6 2

.i4 -ii. r-8 -'-k 1=0.1—i 3

HO SO,,H
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stability constants of metalindicator eomnl

Metal ion Metal:Reagent log K Conditions Ref.
ratio

Be(II) 1:1 6.9 pH 12 4
Ce(IV) 1:2 8.5 pH 14 5
Cr(III) 1:2 15.4 pH 2.5 6
Eu(III) 1:2 8.4 pH 4 7
II.f(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
Pd(II) 1:1 4.38 pH 3 10

Sc(III) 1:2 '9 pH 5.5 11

m(III) 1:2 8.8 pH 14 7

m(Iv) 1:2
1:2

9.6
10.2

pH
pH

5
1

11
12

u(vI) 1:1 4.4 pH 3 10

Y(III) 1:2 8.6 pH 4 13

m(IiI) 1:2 9.5 pH 4 7

Spectral characteristics of the indicator

Ion X, run EmaxXl0 Colour
- -

Ref.

}1L 510
-

I .k red 3

H4L 480 orange 3

113L2
490 rose 3

H2L3' 490 1.4 rose 3

HL 460 yellow 3

L red 3

SDectral characteristics of' metal—indicator comnlexes-- - — -:- - --- — -- ---ij__- - -

Metal ion Metal:Reagent X , run E x10 Colour Ref.
ratio max wax

Be(II) 1:1 4

Ce(IV) 1:2 500 rose 5

Cr(III) 1:2 500 0.7 red 6

Eu(III) 1:2 500 7

IIf(IV) 1:2 500 8

La (III) 1:2 515 red 9

Lu(III) 1:2 500 '7

Pd(II) 1:1 525 10

Tb(III) 1:2 500 7
m(iv) 1:2 545 red 12

u (vi) 1:1 red 10

1:1 545 0.3 3
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Snectral characteristics of metal—indicator complexes. (Cont.)

Metal ion Metal:Reaent
ratio

X , nm e x10max max Colour Ref.

y(Iii)

-
1:2 500 pink 13

Yb(III) 1:2 500 7
Zr(IV) 1:1 kO 0.3k 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. is).

Purity check by paper electrophoresis ( 380 V, 4 mA, t=2—6 h), electrolyte:
30% CH3COOH (Ref. ii).

The indicator is normally used as o.% aqueous solution.

ypioal application of the indicator. Direct titrations of: Bi (pH 2—3), Th
(pH 1—3), So (pH 4.5—6.5). Especially recommended for Ph (pH i3). Also in
back—titrations with La(III) as titrant in determination of Bi, Co, Cu, Ni,
Pb, Zn at pH about 6, or additionally in the presence of o% methanol in
determination of Al (pH 4—5), Cd, Zn.
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III. OTHER INDICATORS

21 • ALJIZARIN RED S

Synonyms: Alizarin Carmine
Alizanin S

Chemical name: 1, 2_Dihydroxyanthraquinone3sulphonic acid

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



-LOH

JgLs0

Protonation constants of the indicator

log K1 log K2 Conditions Ref.

o(-OH ,8-OH

10.85 5.k9
11.20 z.6o

11.02 5.55
5.53

11.03
10.72

1=0.5 1

1=0.05 2

0.1MKC1
3
k

0.1MKC1 5
5.39 1=0.5, 25°C 6

Stability constants of metal.-indicator complexes

Conditions

1=0.1

0.IM NaClOk

1=0.1

Ref.

7

8

9

0.1M NaClOk 10

0.1M NaClOk 10

I=0.2x 11

1=0.1 7

0.1M NaClOk 8

I=0.2x 11

0.1M NaClOk 8

214 CONNISSION ON ANALYTICAL REACTIONS AND REAGENTS

H3L

Metal ion Reaction log K

Al+2HL2 Al(HL) 12.1

Al3+2H2L = Al(H2L) 11 .5

= AlL 11.31

Al3'+2L3 = A1L 17.37

Be2 Be2+L = BeJ.7

Be17+L3 = BeLt'

9.77

6.92

Ce Cek++L3 = CeL
Ce1+2L' = CeL

10.52

15.13

Co2' Co2+L3' = Co17

Co17÷L3' = CoLt'

9.02

6.61

Cu2 Cu2+L3 = CuL

Cu17+L3" = CuLt'

= oa(IIL);
Ga3+2H2L = Ga(H2L1)

Hg2+L3 = Hg17

HgL + L3' = HgL

In3+2H2L' = In(H2L)

10.61

8.30

9.57

ii .6
8.0k

6.10

11 .5

1=0.1 9
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Stability constants of complexes. (Cont.')

Metal ion Reaction log K Conditions Ref.

Ni2 Ni2+L3 = NIL 9.43 0. IM NaC1O4 10

NiL+L3' = Ni14 6.02

Pb2 Pb2+L3 = PbL 11.36 I=o.2 11

PbL+L3 = PbL 5.60

Thk+ Th4L = TfflJ 11 .52 1=0.1 9

ThL+L3 = ThL 6.63

U0 U0'+L3 = UO2I7 11 .95 0. 1M NaClO4 10

UO2L+L = U02L 5.71

= ZnL 8.72 IO2 11

ZnL+ L3 = ZnL' 6. 32

Zr Zr+20H+L Zr(OH)2Lr 49.0 x=i.6 1

X Values for other ionic strengths in the range 0—0.20 were also
given.

Conditional stabiliy constants of metal-indicator complexes

Metal ion Metal:Reagent log K Conditions Ref.ratio
Al(III) 1:2 7.2—7.5 pH 2.5—4.5 12

Co(II) 1:1 5.6 pH 6—10 13
1:2 10.3 pH 11.5

Cu(II) 1:1 5. 14

Gd(III) 1:2 8.6—8.7 pH 4 15
Ge(IV) 1:3 52.8(3) 0.1M acetate 16

Iif(Iv) 1:2 10.2 pH 1.5 17

In(1II) 1:2 9.0—9.4 pH 4 18

L,a(III) 1:2 8.3—8.6 pH 3.5—6.5 19

Lu(III) 1:2 9.1—9.2 pH 4 15

Mo(VI) 1:2 9.6 pH 4 20
Nb(III) 1:2 8.3 pH 3.5—5.5 21
Nd (iii) 1:1

1:2
12.73
8.90

1=0.05
1=0.05

2

Ni(II) 1:1 4.35 pH 7 22
Pr(III) 1:1

1:2
12.56
8.90

1=0.05 2

Sc(II) 1:2 9.2 p114.0 23

Pb(iII) 1:2 8.0—9.2 pH 4 15

m(iv) 1:2 8.2 pH 3.2—8.0 (?) 24

v(iv) 1:2 8.4—9.2 p11 4 25

w(vi) 1:2 7.83 pH 4—6 26
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Conditional stability oonstants of metal—indicator coip1exes .(Cont

Metal ion Metal:Reagent log K Conditions Ref.
ratio

Y(III)

-

1:2 9.5—9.6 pH 4.0 23

Yb(III) 1:2 8.6—8.7 pH 4 14

Spectral characteristics of the indicator

Ion X , nm emax max Colour Ref.

11217
420 27

525 red 27

555 red—violet 27

Spectral characteristics of metal-indicator complexes

Metal ion Metal:Reagent
ratio Xmax EmaxxlO4 Colour Ref.

Al(III) 1:2 480 yellow 7

Cd(II) 2:2 490 1.5 yellow 28

Co(II) 1:1 570 0.97 red—violet 13

Ga (III) 1:2 470 yellow 7
Gd (III) 1:2 520 red 15

iic (iv) 1:2 520 red 17

In(IIi) 1:2 530 violet 18

La (iii) 1:2 520 0.89 red 19,29

Lu(III) 1:2 530 violet 4
Mo(VI) 1:2 470 yellow 20

Ni(II) 1:1 590 0.55 violet 22

Pr(III) 1:2 530 violet 2

Sc (II) 1:2 500 red 23

Tb(III) 1:2 530 violet 15

m(iv) 1:2 520 red 24

Purification of the indicator (Ref. 1) has been carried out by crystalliza-
tion fróm 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
li.5) and Th (pH t.5-6.5). Also in back-titration of Al (pH 35), Bi (p11
2—2.8), Th (pH 4) with m(iv) solution as titrant.
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22. MUREXIDE

SynonZms: Ammonium purpurate
(some authors and producers use the name Murexide for ammonium
salt)

Chemical name: 5,5-.Nitrilodibarbituric acid

Colour index: 56086

H U

H5L

H C H

0 0
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Protonation constants of the 4nn+t

log K1
-.NH

log
-.NH

K2 log K3
-NH

-

10.9

log K4
-NH

-

9.2

log
-OH

0

1.6

K5
Conditions

1=0.1

1=0 (corr)

Ref.

1

2

i4—i4. 13.5 10.3 8.7 ? 3

Stability constants of metal—indicator complexes

Reaction log K ConditionsMetal ion Ref.

Ca2 Ca2+H2L3' = CaH2J$ 5.0 1=0 • 1 ix

2+ 2—
Ca +H3L = CaH3J 3.6

Ca2+H4I7 = CaH4L 2.6
2.68 1=0.1 4

Cd2
Cd2+H4J.7' = CdR,L 4.2 1=0.1 1x

Ce3 Ce3+H4L = CeH4L2 3.65 0.IM
KNO3,

12°C 5

Co2 Co2+H4L' = CoH4L' 2.46 0.1M
KNO3,

12°C 5

Cu2 Cu2+H2L3'

Cu21+H2L3

= CUH2L

= CuH2L

15

14.4

1=0.1

1=0.1

1x

6

3+ Dy3++H417! DyH4L2 3.78 0. iN
KNO3,

12°C 5

3+ Er3+H4I7 = ErH4L2 3.48 0. IN
IN03,

12°C 5

3+ Eu31+H417 = EuH4L2 4. 17 0. IN
KNO3,

12°C 5

Gd3 Gd3+H4I7 = GdR4L2 4.08 0.1 M
KNO3,

12°C 5

Ho3 Ho3+H4I7 = HoH4L2 3.71 0.1 N
KNO3,

12°C 5

3+ In3+H4L = InH4L2 4.61 0. IN KO3, 12°C 5

3+ La3'+H4L' = LaH4L2 3.43 0.1M
KNO3,

12°C 5

Lu3 Lu3+H4L = LuH4L2 3.45 0. iN
KNO3,

12°C 5

Nd3 Nd3"÷H417 = NdH4L2 4.04 0.1 N
KM03,

12°C 5

Ni2' Ni2'+H4L = NiH4L 3.36 0.1 N IO3 12°C 5

Pr3 Pr3+HL = PrH4L2 3.78 0.1N
KNO3,

12°C 5

Sc3 Sc3+H4L' = ScH4L2 4.50 0.iM
KNO3,

12°C 5

3+ 3+H4L = SmH4L2 4.20 0.IN
KNO3,

120C 5

Tb3 Tb3+H417' = ThH4L2 3. 95 0 . iN
KNO3

1 2°C 5

,3+
fln3+H4i7 = ThiH4L2 3 . 36 0. iN KNO3 , 1 2°C 5

Y3+ Y3+H4L = (ffL 3. 36 0. 1 N KNO3 , 1 2°C 5

3+ Yb3+H4I7 = ThH4L2 3 .41 0. i N KN3, 1 2°C 5

2+ Zn2+H4I7

Zn2"÷2H3L2=Zn(H3L)

= ZnH4L 3. 1

9. 3

1=0 • I

1=0 • 1

Ix

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 oop1exes

Metal ion Metal:Reagent log K Conditions Ref.
ratio

Ca(II) 1:1 82.72—2.75—2.81— pH 4.o—4.5—.o —

2.92—3.38—3.46— —

3.56—3.80—4.13 7.0—7.5—8.0
X

Ce(III) 1:1
1:1

6.2
4.2

p11
pH

6.5—7.5
6.0

9
10

Dy(III) 1:1 4.7 pH 6.0 10

Er(III) 1:1 4.7 p116.0 10

Eu (III) 1:1 5.34—5.38— pH 4.0—4.5 —

1:1
5.42—5.55

4.8 p11

5.0—5.5
6.0

8
10

Gd (III) 1:1

1:1

4.90—4.96—

5.00—5.13
4.6

pH

p11

4.0—4.5 —

5.0—5.5
6.0

8
10

Ho(III) 1:1 4.6 p11 6.0 10

La (III) 1:1

1:1

4.49—4.52—
4.55—4.68

4.4

pH

pH

4.0—4.5 —

5.0—5.5
X

6.0

8

10

Lu(III) 1:1 5.3 pH 6.0 10

Nd (iii) 1:1 4.6 p11 6.0 10

Pr(III) 1:1 4.4 p11 6.0 10

Sc(III) 1:1 4.2 p116.0 10

Sm(III) 1:1 4.7 p116.0 10

Tb (III) 1:1

1:1

4.89—4. 94—

4.98—5.13
4.4

pH

p11

4.0—4.5 —

5.0—5.5
6.0

8
10

m(iv) 1:1 6.9 p118—9 9
mi(iiI) 1:1 4.9 p11 6.0 10

v(Iv) 1:1 5.2 pH 6.0—7.2 9
y(IiI) 1:1 4.2 pH 6.0 10

m(III) 1:1 5.1 p11 6.0 10

pH values for respective log K which take into account side reac-
tions of metal ions.

Sectral characteristics of metal—indicator complexes

Metal ion Metal:Reagent
ratio

X ,nm e x104 Colourmax max Ref.

Ca (Ii) 1:1 (CaH4L) 475
484

(CaH3L)

(CaH2L) 515

2.1

1.8

Cd(II) 1:1 485 orange

yellow—orange

red—orange

red

1

5
1

11
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Stectral characteristics of metal—indicator (Cont.)

Metal ion Metal:Reagent
ratio

X ,nznmax x10 Colourmax Ref.

Cu(II) 1:1 460 2.1 yellow 11

Sc(III) 1:1 (ScH4L2) 460 5

Purification of the indiotor (Ref. 12) has been carried out by dissolving
ig of indicator in 900 cm water at 30°, salting out the filtered solution
with 60 g ainmonium chloride, filtering, washing the precipitate with 60%
and with absolute methanol and drying at 1100. 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
(Ret. 12) or with titanium (III) (Ref. 13).

The indicator is normally used: a solid diluted with NaCl or K2S04 (1:100
till i:5Od. 1 aqueous solution is unstable and better results are obtained
with 0 •1% solution in anhydrous ethyleneglycol (Ref. 14).

Typical applicationsof the indicator. Direct titration of Ca (p11>10), Co
(pH 81 0), Cu (pH1 or 7—8), Ni (p!1 &, 5—11 .5,) Sc (pH 2.6), Th (pH 2.5), Zn
(pH 8—9); especially recommended for Ca (pH>10). Also in back—titration of
Cr, Ga (pH 10) using nickel (II) and copper(II) solution as titrants, respec-
tively.
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23. TIRON

Synonyms: Catecholdisulphonic acid

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

Colour index: —
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H4L

Protonation constants of the indicator

log K1 log K2 Conditions Ref.

-OH -OH

(in.. to SO3H)

11.85 7.29 1=0.5 1
11.8:3 7.25 1=1.0 2
12.60 7.60 1=0.1 3
12.6
12.48

7.66
7.59

1=0.1
1=0.1

4,
6

12.6 7.68 1=0.1 7
11.72 7.46 1=0.1 8
12.55 7.66 1=0.1 9

HO3S

Stability constants of metal—indicator complexes

Metal ion Reaction log K Conditions Ref.

Al Al31+L = AIL 16.7
17.2
16.65
19.02'
16.79"

1=0.1

1=0.2
1=0
1=0.1

10
11
12
13
1k

= A1L52 13.6
13.3
13.6
12.08"
i6.8"

1=0.1

1=0.2
1=0
1=0.1

10
11
12
13
14

= AlL92 9.7
2.4"
14.34"

1=0.1
1=0
1=0.1

10
13
14

As H3AsO3+2H2L2 =

= AsL+H+3H20 90a 1=1.0 15

B (OH) B (OH) 3÷H2L2 =

= (oH)+H+H 0
2

= BaL2'

•72b
—3.18

4.1

1=0.1
1=1.0

1=0.1

16
17

18

= 2 • 0

Be2 Be2++L = BeL2 12.88 1=0 • 1 19

BeL2+L = BeLt

Be2+IU = BeHL7 4.02
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Stability constants of metal—indicator complexes. (Cont.

ion Reaction

Cd2++L4 = CdI2

CdL2+Lk = CdLv
co2++L = CoL2'

log K Conditions Ref.

7.7 1=0.1 20

5.6

Co2 8.2 1=0.1 20
9.49 1=0.1 18

CoL2+L = CoLt 6.2 1=0.1 20

Co2+HL3 = CoHL 3.08 1=0.1 18

Cu2 Cu2++L CuL2' 12.8 1=0. 1 20
14.28 1=0.1 9
14.23 1=0.1 6
13.99 1=0.1 21
14.43 1=0.1 22
14.53 1=0.1 18

= CuL6 11.0 10.1 20
2 11.1k 1=0.1 9

11.26 1=0.1 6
11.17 1=0.1 21

10.93 1=0.1 22

Cu2+HL3' = CuIJL 5.14 1=0 • 1 22
5.48 1=0.1 18

= Dy17 14.36 1=0.1 23

= DyHL 5.59
= ErL 14.48 1=0 • 1 23

Er3+HL13 = ErUL

Fe3 Fe+L1 = FeL 18.74 1=0.5 24
20.7 1=0.1 5
20.4 1=0.1 25

FeL'+L = Fe14 1k. 23 1=0.5 24
15.2 1=0.1 5
15.0 1=0.1 25
15.03 26

FeL'+L1 FeL9 10.28 1=0.5 24
11.0 1=0.1 5
10.4 1=0.1 25
10.7 26

FeL+H = FeBL 1.8 1=0.1 5
2.12 1=0.5 24

= GaJ7 '-18.k 1=0.2 12
19.26 L0.1 27

GaL'+L4 = GaL 15.50 1=0.2 12

Gd3 Gd+L = GdJJ 14.10 1=0.1 23

= OdliL 5.92

H2GeO3+3H2L2 =

= GeL8+2H+3H20 274c 1=0.1 28
2.30 1=0.11 29
3.50 1=0.50
3.70 1=1.0

Metal

Cd2
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Stability constants of metal—indicator complexes. (Cont.)

Metal ion Reaction log K Conditions Ref.

Ho3

1n3+

La3

Pr3'

Sb3

Ge02+2H2L2=GeL+2H20
Hf = JLfL

H.f1+3L = HfL
= HgL2

= HoL

Ho+HL = HoHL

= InL

1n17+L4 = InL
= La17

= MgL2

= MgHL

= MnL2

Mn14

MnL+L = Mn14°
MnL2+H =

Mo0'+2H2L2' =

= Mo02L+2H20

Nd+L = NdJJ

Nd3+HL3 = NdJIL

Ni2++L4 = N1L2'

Ni2+flL' = NiHL7

NiL2+L4 = Ni14

NiL2'+H = NiIIL

Pb2++L = PbL2

PbL2+L = PbL

Pr+JJ' = Pr17

Sb (OH) 3+2RL13 =

=SbL+OH'+2H20

SbL (oH) 2+H2L2' =

= SbL+H+H2O

SbL+rr' = SbHL

3.89

24.66

66.92

19.86

14.39

5.42

17.00
16.34

13.85

12.87

6.86

1.98

7.20
8.6

5.50

3.53

6.68

6.59

13.69

5.61

9.4
9.96
8.56

3.00

6.34

5.3
11 .95

6.33

13.47

3.95 10.1

30

27

23

12
27

12

23

18

31
32

31

33

23

34
18
20

18

20

1=1.0

1=0.2

1=0.1

1=0.2

1=0.2
1=0.1

1=0.2

1=0.1

1=0.1

1=1
1=0.1

1=1

1=0.1

1=0.1

1=0.1
1=0.1
1=1

1=0.1

1=1

1=1

1=1

1=0.1

Mo0'

Nd3

Ni2

20

35

—1.23

2.0 1=0.1
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Stability constants of metal—indicator complexes. cCont.

Metal ion Reaction log K Conditions Ref.

Tm3

Uo+
vo2

SbL'+H2L2 = SbL+2H

SoI7

Sc3+HL = ScHL

ScL+H20=ScL (OH) 2+H
Sm+L1 = SmL

Sm3+HL3' = SinJJL

2+ 4-. 2-.Sr +L SrL

Sr2+HL3' = SrHI7

Tb+L4 = ThL

Tb3+IJL = TbHL

TiO2+2H2L2' =

= TiO()+2H
TiO2+3HL3' =

= TiL+H+H20
= TmL

= ThiHL

U01+I1L3 = UO2HL

vo2+L = v01j2_

VOL2÷L = VOL

= YI7

Y'+HL3 = YHL

Th+L = ThL

[1JIJJJ

=

=

Zr4+L = ZrL.

—5.736.oi
18.07
18.96

8.94
-6.10
13.92

5.72

4.55

1.88

14.14

5.71

—0.3 1=0.1

19.8

14.36

5.67

6.2

16.74
16.8

14.20
14.4

13.72

5.13

14.43

5.65

10.19

8.33

24.15

a Ionic strength depondance:
— 1.611.

b
Ionic strength dependance:
0.161.

c Ionic strenth dependance (Ref. It ): log K = —2. 307+27. 49VY
ç1+2.85fY) — 0.3701.
Large differences in stability constants cannot be probably ex-
plained on the basis of ionic strength effect only.

Sc3

Sm3

2+Sr

Ti02 +

1=1.0

1=0.1
1=0.1

1=0.1

1=0. 1

1=0.1

1=0.1

1=0.1

8
27

8

23

18

23

37

23

4

3
38

3
38

23

23

39

Y3+

1=0.1

1=0.1

1=0.1
1=0.1

1=0.1
1=0.1

1=0.1

1=0.1

1=0.1

1=1.0

log K = —8.186+9.162VY (1+0.553YY)1

log K = —k.34+3.O5VT (i+i.3tlTY
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Conditionai stabiilty conatants of metal—indicator complexes

Metal ion Metal:Reagent
ratio

log K Conditions Ref.

Ce(IV) 1:3 3.75 pH 7—10.5 4

V0 1:1 1.15 pH 1, 1=0.1 4

ectral characteristics of the indicator
Solutions of the indicator do not absorb in VIS.

Spectral characteristics of metal—indicator comnlxes

Metal ion Metai:Reagent
.ratio

X .rimmax e x10max Colour Ref.

Ce(IV) 1:3 500 0.44 red 42

Fe(III) 1:1 660 0.18 blue 26

1:2

1:3

560
480

0.5
0.6

violet

pink

26

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 X=260 nm, pH=iO.8, where e=
7.699 (Ref. 44).

The indicator is used as 2% aqueous solution.

ypcal application of the indicator. Direct titration of Fe(III) at pH 2-3.
Also in back—titration of Zr, ET1 using iron(III) solution as titrant.
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24. ZINCON

Syzonyws: —

Chemical names:
o..fi (2Hydroxy5sulphophenyl)-3-phenyl-5-forinazano] benzoic acid
5_o_Carboxyphenyl) -1- (2hydroxy.-5-sulphophenyl) -3—phenylfoniizane
2-2— [o(— (2Hydroxy-5..sulphophenylazo) -benzylidene] -thydrazinoj -benzoic acid

Colour index:

OH HOOC

HO3S©1TN

NNN H4L

Protonation constants of the indicator

log K1
wNH

log K2
-OH

log K3
-COOH

Conditions Ref.

-

>14 8.25 4.5 1

13 7.9 4 1=0.1 2



Compleximetric indicators 1227

Stability constants of metal—in4icator complexes

Metal ion Reaction log K Conditions Ref.

= Z2+H —1(—1.8) 1=0.1 1.2

Conditional stabili constants of metal—indicator complexes

Metal ion Metal:Reagent log K Conditions Ref.
ratio

Ge. (III) 1: 5.7 pH 6 3

NiII 1:1 6.7 pH 6 k

Spctral characteristics of the indicator

Ion >wax cinax
Colour

-

Ref.

HkL red 1,6

red-violet 1,6

2-.

H2L yellow 1,6

H[J l9O red—orange 1,6

Spectral characteristics of metal—indicator complexes

Metal ion Metal:Reagent XmaxflW emaxx10 Colour
ratio

Ref.

Cu(II)

--

1:1 600 1.9
-

5
Ga (iii) 1 :1 630 2 •2 blue 3

Ni(II) 1:1 520,665 1.09, O.97 violet k

Zn (II) 1:1 620 1 .9 blue
1:1 625 2.4 blue

6
7

x respectively for two maxima

Purification of the indicator was not described in the literature. Similar
compounds 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
TJpH 6), Zn (pH 910). Also in back-titration at pH about 10 of Al, Ca, Cd,
Go, Cr, Cu, Fe (iii), In, Mn, Ni, Pb and L.anthanides 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 - 14

Alizarine Blue OCR — 15
Alizarine Carmine - 21
ALIZARIN RED S - 21
Alizarin S 21
Alizarol Cyanine RC - 5
ALUMINON
Ammonium purpurate 22
Anthracene Blue Black ERN 15
APANS 20
APNS — 20
Brenzcatechinviolett 9
BROMOPYROGALLOL RED - 2
CALCEIN - 3
Calcochrome Black T — 114
Calcon — 15
Calcon carboxylic acid 16
CALNAGITE - 13
Cal—Red — 16
Catechol Violet — 9
Catecholdisulpiaonic acid — 23
Catecholsulphonep&ithalein — 9
CHRONAZUROL S - 14

Chrome Black TN - 114

Chrome Blue Black RC — 15
Chromechtschwarz RN - 15
Chrome Dark Blue ERM - 15
Chrome Printin€ Violet — 1
Chrome Violet — 1

Chromogenbiack ET - 14
Chromoxan Pure Blue BLD - 14

Chromoxane Cyanine RA — 5
o—Cresolphthalein Complexone — 7
Diamond Blue Black EBS - 114
Diamond Blue Black R - 15
Dye of Patton and Reeder - 16
Eriochroniazuroi. S — 14

ERIOCRROME BLACK T - 114
EIUOCHROME BLUE BLACK R - 15
Eriochrome Blue Black RSS — 15
ERIOCHROME CYANINE R - 5
Eriochrome Cyanine RC - 5
Erio R - 15
Fast Mordant Blue R - 12
Fluorescein Complexone — 3
Fluorexon — 3
GALLEIN - 6
Galleina — 6
Galloohrome Brilliant Blue BLD — 14

HHSNN — 16
HSN - 16
KALCES — 16
METALPIITUALEIN - 7
Methylphthalexon - 7
METhYL THThOL 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
Plithalein Purple — 7
Polytrop Blue B — 4
Pontaohrome Black TA — 14
Pontachrome Blue ECR 5
Potting Black C 14
PYROCATECHOL VIOLET - 9
Pyrogallolphthalein — 6
Reinhellblau BLD 4
Solochrome Black T - 14
Solochrome Brilliant Blue B — 4
Solochrome Dark Blue B — 15
SPADNS — 18
2- (4-sulpliopiienylazo) -chromotropic acid - 18
TAR - 19
THORIN — 20
Thoron - 20
Thoronol — 20
Thymolphthalein Complexone - 10
flIYN0LPHTHA1EXON 10
TIRON - 23
Ultra Violet —
XYLENOL ORANGE - 11
ZINCON — 24

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

1luminium(III) — 1, 4, 5, 9, 11, 13, 15, 17, 19, 21, 23
Antimony(III) - 23
Arsenio(III) — 23
Barium(II) — 7, 8, 11, 12, 14, 23
Beryllium (II) — 4, 5, 15, 21, 23
Bismuth (iii) — 8, 9, 11, 17, 19
Boron (iii) - 23
Cadnhium(II) — 9, 13, i4, 15, 17, 19, 22, 23
Calcium(II) — 7, 8, 10, 11, 12, 13, 14, 15, 16, 19, 22
Cerium(III) — 22
Cerium(I11 — 21
Cobalt(II) — 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
Dysprosiuin(III) — 11, 17, 22, 23
Erbium (iii) — 17, 22, 23
Europium(III) - 22
Gadoliniuni(III) — 11, 22, 23
GalliumClll) — 1, 8, 9, 11, 13, 15, 17, 19, 21, 23
Germanium(IV) - 2, 23
Hafnium (Iv) - 23
Holmium(iii) — 22, 23
Indium(III) — 6, 8, 9, 11, 13, 15, 17, 19, 21, 22, 23
Iridium (iii) — 19
Iron (xi) — 19
Iron(III) — 4, 5, 8, 9, 11, 15, 17, 19, 23
Lanthanum(III) — 11, 13, 14, 15, 17, 22, 23
Lead(II) — 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, 23
Molybdenum(V] - 15, 23
Neodyniium(III) — 8, 17, 22, 23
Nickel(II) — 4, 8, 9, 13, 14, 15, 17, 19, 22, 23
OsmiumLIV) — 19
Osmium LVIII) — 19
Palladium (II) — 4, 17
Platinum (ii) — 17, 19
Prazeodymium(III) — 8, 17, 22, 23
Rhodium (III) - 19
Samarium (III) — 11, 23
Scandium (III) — 4, 8, 11, 17, 19, 22, 23
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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(111) — 15, 22, 23
Tin(IV) 9
Titanium(IV) 4, 11, 15, 19, 23
Tungsten(I) 15
Uranium (iv) - ii
Uranium(VI) — 2, 4, 8, 9, 11, 15, 17, 19, 21, 23
Vanadium(III) — 14, 15, 19,
Vanadiumciv) — 11, 19, 23
VanadiumçV) 19
Ytterbium (III) — 8, 11, 17, 22, 23
Yttrium(IiI) 8, 13, 14, 15, 17, 22, 23
Zinc(II) 7, 8, 9, 11, 12, 13, 14, 15, 17, 19, 21, 22, 23
Zircouium(IV) — 9, 11, 17, 19, 21, 23, 2k

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

Aluminium (III) — 1, 4, 5, 11, 21
Antimony (Iii) 2
Barium (II) — 7
Beryllium(Ii) — 1, 4, 8, 20
Bismuth (III) — 6, 11

Cadmium (II) 4, 11

Calcium(II) 22
Cerium (III) — 1, 8, 11, 22
Cerium(IV) 20, 23
Cobalt(II) — 2, 4, 11, 21
Copper(II) — 1, 2, 4, 11, 21
Chromium(Iii) — 8, 11, 17, 20
Dysprosium(III) — 1, 4, 18, 22
Erbium (iii) - 1, 22
Europium(III) 1, 4, 20, 22
Gadolinium (III) 1, 4, 5, 8, 11, 17, 18, 21, 22
Gallium(III) 4, 5, 9, 11, 17, 24
Germanium (iv) 9, 21
Gold (iii) 17
Hafnium(IV) 4, 5, 11, 20, 21
Holmium(III) 1, 4, 5, 11, 17, 18, 22
Indium(iii) — 4, 5, 17, 21
Iron(III) 1, 4, 8, 11
Lanthanuni(II] — 8, 11, 18, 20, 21, 22
Lead(II) 2, 8
Lutetium(III) — 1, 5, 11, 17, 20, 21, 22
Magnesium(Ii) — 4, 8

Manganese (ii) — 8, 11

Mercury (Ix) — 11, 17
Molybdenum(V] - 11, 21

Neodymium(III) — 1, 5, 8, 11, 17, 18, 21, 22
Niclcel(II) — 2, 8, 11, 21, 24
Niobium(III) — 2, 21
Niobium(V) — 8, 9, 11
Palladium(II) — 4, 8, 11, 18, 20
Praseodymium(III) — 1, 5, 8, 11, 17, 18, 21, 22
Bhodium(III) — 5, 11
Ruthenium (iii) - ii
Samarium(III) — 1, 4, 5, 8, 11, 17, 18, 22
Scandium (III) — 1, 4, 8, 20, 21, 22
Silver(I) — 17
Terbium (III) — 1, 4, 20, 21, 22
Thallium(III) — 5, 8, 11, 17
Thorium(IV) — 1, 2, 4, 8, 11, 20, 21, 22
ThuliumcIII) — 22
Tin(IV) - 2
Titanium (Iv) — 4, 5, 11
Tungsten CVI) — 2, 9, 21
Uranium (iv) - ii
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(II) — 8, 11

Zirconium(IV) — 2, 4, 6, 8, 11.




