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ABSTRACT
The recent use of hydroxytriazenes in analytical chemistry of transition
metals is reviewed. A survey is given of work in the years 1990-1997, with
31 references.

INTRODUCTION
Hydroxytriazenes are a well known group of chelating agents. Their
applications as spectrophotometric reagents as well as metallochromic
indicators for the complexometric determination of a number of transition
metal ions are well established. A survey of the literature reveals that five
reviews /1-5/ have appeared on hydroxytriazenes. These reviews contain the
work carried out until 1989. A survey of the work subsequent to that date is
given below.
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LITERATURE SURVEY
Bishnoi et al. 161 have reported the use of 3-hydroxy-3-p-chlorophenyll-p-(caiboxyphenyl triazene) in the spectrophotometric determination of
cobalt (II). They have further reported that the reagent forms a yellow ( 1 : 2 )
complex with cobalt (II). The absorbance has been measured at 418 nm. The
optimum pH range is 5.75 - 6.2 and the optimum cobalt to reagent ratio is
Co : R:: 1:5. SandelTs sensitivity has been found to be 0.0015 pg/cm2 and
the stability constant value as log β = 9.92 using two methods. The free
energy of formation has been reported to be - 13.40 Kcal/mole. It has been
reported that 2.06 ppm of Co (Π) could be determined in the presence of 5
ppm of Na (I), Κ (I), NH/, Sn (Π), Zn (Π), Al (III), V (IV), F , CT, Br, I" and
CH3COO". A comparison of Sandell's sensitivity was made with another 10
reagents and it was reported that hydroxytriazene is more sensitive as
compared to nine reagents.
Spectrophotometric determination of nickel using 3-hydroxy-3-isopropyl1-p-tolyl triazene has been reported by Bhatt et al. 111. The greenish-yellow
nickel complex (1:2) with the above reagent is shown to exhibit λ , ^ at 364
nm which has been used as a working wavelength There is an instant
development of colour which is quite stable for a reasonable period of time.
The optimum pH range is reported to be 9.7 - 9.9 and nickel-to-reagent ratio
as 1:8. Sandell's sensitivity value has been calculated to be 4.92 ng/cm2. The
value of the conditional stability constant has been reported as log β = 11.97.
It has also been reported that 2.93 ppm of nickel can be determined in the
presence of 5 ppm of Μη (Π), Zn (Π), Cd (Π), Mg (Π), Ba (Π), Co (Π), Na+,
Κ+, F, CI", Br, Γ, NOf, CH3COO\ C032", S042" ions. The solid complex
NiR2 had a greenish-yellow microcrystalline shape with 110°C as melting
point
Rezaie et al. /8/ have reported spectrophotometric determination of
vanadium (V) with 3-hydroxy-3-p-tolyl-l-o-chlorophenyltriazene. The reagent has been synthesized for the first time. It is a yellow compound with
m.p. 80°C. The reagent forms a (1:1) (V:R) yellowish-green complex with
λ ^ at 395 nm in the pH range 6.5 - 7.5. Beer's law is valid in the range 5.09
- 30.56 ppm Sandell's sensitivity value has been found to be 0.072 pg/cm2.
A further 22 diverse ions have been examined for their interference in the
spectrophotometric determination of vanadium using the above reagent
Rezaie et al. 191 have used 3-hydroxy-3-p-tolyl-l-p-chlorophenyltriazene
in the direct spectrophotometric determination of vanadium (V). The λ ^ for
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this complex is at 395 nm and working wavelength was chosen as 405 nm.
Composition has been reported as 1:1 (V:R). Sandell's sensitivity value is
3.88 μg/cm2 (ε = 13100). The value of the stability constant has been
reported as log β = 5.01 and free energy of formation as -6.87 Kcal/mole. A
further 2.54 ppm of vanadium could be determined in the presence of 5 ppm
of 16 cations and anions. The solid complex was isolated as a light green
microcrystalline compound [VO (Ci3HnN3OCl)2] withm.p. 130°C.
Mehta et al. /10/ have reported the use of 3-hydroxy-3-phenyl-l-pcarboxyphenyltriazene in the spectrophotometric determination of copper (II).
The reagent forms a yellow ( 1 : 3 ) complex with copper (Π), with λ ^ at 420
nm. The colour development with this metal has been reported to be instantaneous and the colour is quite stable. For maximum colour development the
optimum metal: reagent ratio is 1: 6 and pH range is 8.0 - 8.5. The working
wavelength has been reported as 425 nm Beer's law is obeyed in the range
0.635 ppm to 3.81 ppm of copper. Sandell's sensitivity is 4.76 ng/cm2 and ε
= 13333. The value of the conditional stability constant obtained using two
methods (Harvey and Manning's method and Job's curve method) has been
reported as log β = 16.87 and log β = 16.71 respectively. In respect of
interference studies the reagent does not offer any advantage. The yellow
crystalline copper complex [CU(C39H3IN909)] is reported to have a mp. of
251°C (D).
Bhatt et al. /II/ have reported the use of 3-hydroxy-3-p-tolyl-l-mmethoxyphenyltriazene for the spectrophotometric determination of nickel.
They have reported that nickel forms a dark yellow complex with λ ^ at 410
nm and the working wavelength was chosen as 420 nm The composition of
the complex has been reported to be Ni : R :: 1 : 2 with ε = 16033 and
Sandell's sensitivity as 3.66 ng/cm2. The value of the conditional stability
constant has been reported as log β = 11.98 (Harvey and Manning's method)
and log β = 11.37 (using Job's curves). Maximum colour developed when an
8-fold excess of reagent was taken and pH was maintained between 6.2 - 6.8.
It has been reported that 2.93 ppm of nickel can be determined in the
presence of 5 ppm of Ca (Π), Mg (Π), Ba (Π), Hg (Π), Cd (Π), Na (I), Κ (I),
F , Cr, Br, Γ, NOj", CH3COO\ So„2\ P O ^ and C0 3 2 \ The dark yellow
microcrystalline nickel complex [NiCzsH^NeO,)] has a mp. of 98°C.
Zabeen et al. /12/ have reported the use of 3-hydroxy-3-p-chlorophenyl-lp-sulphonato (sodium salt) phenyltriazene for the spectrophotometric determination of palladium. At room temperature the reagent instantaneously
forms a yellow complex, which shows λ ^ at 430 n m Maximum colour
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development takes place in the presence of 6-fold molar excess of the reagent
and between pH 3.25-3.75. The yellow complex has the composition Pd: R::
I : 2 with ε = 17000 and Sandell's sensitivity as 6.26 ng/cm2. The values of
log β determined by the two methods have been reported as 11.403 and
11.231. It has been reported that 2.66 ppm of palladium can be determined in
the presence of 5 ppm of 9 cations and anions. The brownish yellow solid
complex Pd ( C ^ e N e O g C y ^ S j ] has a mp. of 210°C (D). Tentatively a
square planar geometry has been assigned to the palladium complex.
Bhatt et al. /13/ have used 3-hydroxy-3-methyl-l-o-chlorophenyltriazene
for the determination of nickel The yellow nickel complex exhibits λ ^ at
360 nm and the working wavelength has been chosen as 370 nm. The
optimum pH range has been reported as between 8.5 - 8.7. The full colour of
the complex develops immediately and remains constant The complex composition is reported to be 1 : 3 (Ni: R) and the conditional stability constant
by the two methods has been as log β = 12.87 and 12.39 respectively. Beer's
law is obeyed between 2.93 ppm to 17.61 ppm of nickel. Sandell's sensitivity
value and the molar absorptivity values ε are given as 16.77 ng/cm2 and 3500
1/mole cm respectively. It has been reported that 14.67 ppm of nickel can be
determined in the presence of 5 ppm of 17 cations and anions and 100 ppm of
II cations and anions. The composition of the complex has been corroborated by preparing, at pH 8.5 to 8.7, a solid complex consisting of yellow
crystals with molecular formula Ν ΐ ^ Η ^ Ν ^ ^ ) and m.p. 55°C.
Mehta et al. /14/ have reported the use of 3-hydroxy-3-propyl-1-p-tolyltriazene as a reagent for spectrophotometric determination of Cu (Π). Copper
forms a brown complex with this reagent when a seven-fold excess of the
reagent is taken between the pH range 6.6 - 7.2. Colour development is instantaneous and quite stable. The λ , ^ has been reported as 375 nm but the
absorbance measurements are made at 380 nm using ethanol as a solvent and
against a reagent blank. The complex composition has been reported as 1 : 3
(Cu : R). Beer's law is valid in the range 1.27 ppm - 7.62 ppm. The molar
absorptivity ε is 40121/mole cm and Sandell's sensitivity is 15.8 ng/cm2. The
conditional stability constants have been reported as log β = 16.64 and 16.59
respectively by the two methods. It has been reported that 6.35 ppm of Cu
(Π) can be determined in the presence of 10 ppm of 10 cations and anions.
However, 10 ppm ofCd(H), Μη(Π), Zn(II), Mg (Π), Co (II), Μ (Π), Cr (ΠΙ),
Hg (Π), F , I", molybdate and oxalate are reported to interfere in the
determination. The composition obtained by solution studies has been corro-
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borated by preparing a solid complex with molecular formula Q1C30H43N9O3
(Cu : R:: 1: 3) which is crystalline with brown colour and m.p. 80°C.
Mehta et al. 115/ have used 3-hydroxy-3-methyl-l-p-carboxyphenyltriazene in the determination of Cu (II) which forms a brown complex with
the reagent. The λ ^ is at 390 nm and the working wavelength has been
chosen as 400 nm. The colour development is instantaneous and stable in the
pH range 9.5 - 9.8. A 1 : 3 (Cu : R) complex composition has been reported
with Sandell's sensitivity and molar absorptivity values as 31.14 ng/cm2 and
2040 1/mole cm, respectively. Beer'ls law is obeyed in the range 6.35 ppm 38.1 ppm of copper. The conditional stability constant obtained by the two
different methods has been found equal to log β = 13.65. It is reported that
6.35 ppm of copper was determined in the presence of 22 cations and anions
at 10 ppm level and there was no interference. However, 10 ppm of Cd (Π),
Zn (Π), Mg (Π), Hg (Π), Co (Π), Ni (Π), Coj2', were found to interfere at 10
ppm level. The composition obtained by solution studies has been further
corroborated by preparing a solid brown crystalline complex with molecular
formula CutQ-ÄsNgOg) (Cu: R:: 1: 3) and m.p. 260°C.
Bhatt et al. /16/ have used 3-hydroxy-3-methyl-l-p-chlorophenyltriazine
for the spectrophotometric determination of Ni (Π). The yellow nickel complex shows λπΜ at 360 nm, but the working wavelength was chosen as 370
nm. Maximum colour development takes place in 15 minutes and is stable for
one hour. Optimum pH range is 8.5 - 8.7 and optimum N i : reagent ratio is 1
: 8. The complex composition has been reported as 1 : 3 (Ni : R) and the
Beer's law validity range is 1.17 - 7.04 ppm. Molar absorptivity and
Sandell's sensitivity values are 5300 1/mole cm and 11.07 ng/cm2 respectively. The conditional stability constant value has been reported as log β =
18.06 and AG as - 24.62 Kcal/mole. It has further been reported that 5.87
ppm of Ni (Π) can be determined in the presence of 5 ppm of 17 cations and
anions including Cd (Π). However, Μη (Π), Co (Π), Zn (Π), Cr (ΠΙ), oxalate
and molybdate interfered in the determination when present in 5 ppm concentration.
Bhatt et al. Hl I have used 3-hydroxy-3-isopropyl-l-p-nitrophenyltriazene
for the spectrophotometric determination of nickel. The yellowish- brown
complex has a λ ^ at 440 nm but the working wavelength has been chosen as
470 nm. Maximum colour development takes 90 minutes when the reagent is
in 8-fold excess and pH is between 8.4 - 8.6. The colour is then stable for
several horns. Beer's law is valid in the range 0.58 - 3.52 ppm and the
complex composition is 1 : 2 (Ni : R). Molar absorptivity and Sandell's
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Vol. XVII, No. 4, 1998

Hydroxytriazenes

sensitivity values are 26983 1/mole cm and 2.17 ng/cm2 respectively. Values
of log β by the two methods are 11.82 and 11.95 respectively. It has been
established that 2.93 ppm of Ni (H) can be determined in the presence of 100
ppm of 10 anions and cations including Cd (Π). However 5 ppm of Μη (Π),
Co (II), Cu (Π), Cr (ΠΙ), Ρ Ο Λ oxalate and molybdate are reported to interfere even at 5 ppm level. Further, 5 ppm of 7 anions and cations including Zn
(Π) and Hg (Π) did not interfere at 5 ppm level. The composition obtained by
solution studies has been corroborated by obtaining a yellowish-brown
microcrystalline solid complex, NKCiglfeNgOe), having a mp. of 127°C.
Mehta et αϊ. /18/ have used 3-hydroxy-3-methyl-l-p-methoxyphenyltriazene for the spectrophotometric determination of Cu (Π). The reagent
forms an ethanol soluble brown complex with copper in the pH range 6.0 6.6. The λ ^ has been reported as 380 nm and the working wavelength has
been chosen as 430 nm. Maximum colour development takes place when an
eightfold excess of reagent is taken. The colour development is instantaneous
and quite stable. The Beer's law validity range is 6.35 - 38.1 ppm of copper.
The molar absorptivity and Sandell's sensitivity values were found to be
1340 1/mole cm and 47.4 ng/cm2 respectively. Complex composition was
reported to be 1:2 (Cu:R) and log β as 9.46. The interference studies reveal
that, when 31.77 ppm of copper was determined in the presence of 10 ppm of
Cd (Π), Hg (Π), Ζη (Π), Mg (Π), Co (Π), Ni (Π), Ba (Π), Cr (ΠΙ), F and
oxalate, there was interference. The composition obtained by solution studies
has been further corroborated by obtaining a brown crystalline solid complex,
CUCI4H22N605 (CUR2), having a mp. of 158°C. The elemental analysis is
indicative of the presence of one water molecule in the solid complex, which
is evidenced by the appearance of a new band at 3400 - 3500 cm'1 in the IR
spectra of the complex.
Bhatt et al. /19/ have used 3-hydroxy-3-isopropyl-l-p-chlorophenyltriazene for the spectrophotometric determination of Ni (II). The leaf-green
complex shows λ ^ at 395 nm, but the working wavelength has been chosen
as 415 nm. Maximum colour development takes place after 4 hours when the
reagent is taken in 8-fold excess at a pH between 8.0 - 8.4. The colour is
stable for three hours. Beer's law is valid in the range 2.93 - 17.61 ppm and
the complex composition has been reported as 1:2 (Ni:R). Molar absorptivity
and Sandell's sensitivity values are 23871/mole cm and 24.59 ng/cm2 respectively. The values of the conditional stability constant have been found as log
β = 10.72 and 10.83 respectively by the two methods. It has been reported
that 14.67 ppm of Ni (II) can be determined in the presence of 5 ppm of 17
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cations and anions including Mg (Π), Hg (Π) and Cd (Π). However, 5 ppm of
Co (Π), Cu (II), Zn (II), Cr (ΠΙ), P043", oxalate and molybdate were found to
interfere. The composition obtained by solution studies has been corroborated
by obtaining a leaf-green microcrystalline complex, NiCigH^NeC^Cb (Ni R2),
withaiap. of 115°C.
Rezaie et al. 1201 have used 3-hydroxy-3-phenyl-l-p-carboxyphenyltriazene in the direct spectrophotometric determination of vanadium The
reagent forms an ethanol-soluble yellowish-green complex with V (V) in the
pH range 6.5 - 7.5, having λ , ^ at 395 nm. The working wavelength has been
chosen as 420 nm. Colour development is instantaneous when the reagent is
in sixfold excess. The complex composition has been reported as 1:1 and
Beer's law is valid in the range 0.50 - 3.05 ppm of vanadium. The value of
the conditional stability constant has been reported as log β = 4.665 and AG =
-6.40 KCal/mole. Molar absorptivity and Sandell's sensitivity values are
9550 1/mole cm and 5.33 ng/cm2 respectively. It is reported that 5 ppm of any
of V (V), Na (I), Κ (I), NH/, Hg (Π), Mg (Π), Ba (Π), Μη (Π), F , Br", I",
CH3COO", N03", CO32", S042", molybdate and oxalate did not interfere in the
determination of 2.54 ppm of vanadium At a level of 5 ppm, Zn (Π), Co (II),
Ni (II), Cu (II) and Cd (Π) are reported to interfere in the determination of
2.54 ppm of vanadium. The solid complex had light green crystals (platelets)
with a mp. of 260°C and composition; Vo (C^ioNsC^.
Zabeen et al. I2\l have used 3-hydroxy-3-methyl-1 -o-carboxyphenyltriazene for the spectrophotometric determination of palladium It has been
reported that Pd (Π) forms a yellow complex having a λ ^ at 378 nm Maximum colour development takes place instanteously between pH 2.0 - 2.65
when the reagent is taken in sixfold excess. Beer'ls law validity range is 0.2 χ
ΙΟ"4 Μ to 1.2 χ ΙΟ"4 Μ of palladium. The composition of the complex is
found to be 1:1 (Pd:R) with molar absorptivity and Sandell's sensitivity value
as 7500 1/mole cm and 14.19 ng/cm2 respectively. The values of log β found
by the two methods are 7.033 and 6.967 respectively. It has been reported
that 10.64 ppm of palladium can be determined in the presence of 5 pm of 14
cations and anions including Ni(II), Mg(H), Cr(III), and Th(TV) and 100 ppm
of eight cations and anions including Ni (Π). The reagent has been reported to
be more sensitive as compared to nine other reagents used for the purpose.
The yellowish-orange solid complex has a m.p. of 240°C and the molecular
formula Pd(CgH7N303).H20. This formula lends support to the composition
found by solution studies. The results of the solution studies have been
discussed in terms of structures.
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Rezaie et al. 1221 have used 3-hydroxy-3 -phenyl-1 -m-acetophenonetriazene for the spectrophotometric determination of vanadium. It has been
reported that vanadium forms a yellowish-green complex in the ratio 1:1
(V:R). The complex shows maximum absorbance at 395 nm against solvent
blank, but the working wavelength was chosen as 405 nm Colour
development is instantaneous and maximum when the reagent is in sixfold
excess and pH is between 6.5 - 7.0. Beer's law validity range is 0.50 - 3.05
ppm of vanadium Molar absorptivity and Sandell's sensitivity values were
found to be 10,200 1/mole cm and 4.78 ng/cm2 respectively. The values of
conditional stability constant and free energy of formation of the complex
have been reported as log β = 4.777 and AG = -6.55 KCal/mole. It is reported
that 5 ppm of any of the ions Na (I), Κ (I), NH«+, Cd (Π), Hg (Π), Ba (Π), Mg
(Π), Μη (Π), F , Br, Γ, CH3COO\ Ν0 3 \ COj2", Ρ θ Λ S0 4 2 ', molybdate and
oxalate did not interfere in determination of 2.54 ppm of vanadium.
However, 5 ppm of Zn (II), Co (Π), Ni (Π), Cu (Π) are reported to interfere.
The solid complex has greenish-yellow platelets with mp. 136°C (D) and the
molecular formula VO (Ci4Hi2N302)2·
Zabeen et al. 1231 have used 3-hydroxy-3 -phenyl-1 -p-carboxyphenyltriazene for the spectrophotometric determination of Pd (Π). The reagent is
reported to form a dark yellow complex with palladium at room temperature.
The λπ„κ of the complex is at 430 nm and the maximum colour development
takes place instantaneously in the presence of a sixfold excess of reagent and
between pH 3.0 - 3.5. The complex composition has been reported to be 1:2
and the Beer's law validity range is 0.5 χ 10"5 Μ to 3.0 χ ΙΟ"5 Μ of palladium.
The conditional stability constants by the two methods have been reported as
log β = 11.031 and 11.074 respectively. Molar absorptivity and Sandell's
sensitivity values have been reported as 14,000 1/mole cm and 7.60 ng/cm2
respectively. It is reported that 2.66 ppm of Pd (Π) can be determined in the
presence of 5 ppm of any of the ions, Na (I), Κ (I), Hg (Π), Mg (Π),
Cr (ΠΙ), Th (TV), F , CI", S042" and Ρ θ Λ The composition found by solution
studies has been corroborated by preparing the solid complex. The yellowishbrown plates have a mp. of 280°C and the molecular formula
Pd(C26H2oN606). A tentative trans square-planar structure has been assigned
to the palladium complex.
Sharma et al. I2M have used seven hydroxytriazenes as metallochromic
indicators for the complexometric determination of Fe (ΠΙ) in pharmaceutical
samples and binary metal ion mixtures. A method has been developed to
determine Fe (ΠΙ) complexometrically in pharmaceutical preparations, using
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these reagents as indicators. Further, Fe (HI) has been determined from
binary mixtures of Fe(m)-Ni(II), Fe (ΠΙ) - Co (Π), and Fe(III)-Cu (II) by
using these reagents. The method has the advantage that it does not use any
masking or demasking agent
Sharma et al. 1251 have reported studies of organolead complexes with
some O- and N-donor ligands. Organo-lead (TV) complexes of monobasic
triazene-1-oxide have been synthesized and characterized by various physicochemical techniques. They have reported a R2PbT2 type of conformation of
the complexes. They have further reported that the methyl group occupies the
cis-position while the bulkier alkyl groups occupy a trans-position.
Bhatt et al. 1261 have used 3-hydroxy-3-methyl-l-p-methoxyphenyltriazene as a spectrophotometric reagent for the determination of Ni (Π). The
brown Ni (Π) complex is soluble in ethanol and gives λ ^ at 390 nm but the
working wavelength has been chosen as 400 n m Colour is stable for 12
hours. The maximum colour development takes place at a pH between 9.4 9.8 when the reagent is in eightfold excess. The Beer's law validity range
range is 2.93 ppm to 17.61 ppm of nickel. The complex has a 1:2 composition and the molar absorptivity and Sandell's sensitivity values are 2747 1/
mole cm and 21.37 ng/cm2 respectively. At 5 ppm level, Mg (Π), Cd (Π),
C032", and PO43" are reported not to interfere in the nickel determination
(14.67 ppm). Further, 100 ppm of any of the ions Na(I), K(I), Ca(II), Ba(II),
Hg(II), Γ , CI", Br", I", NOj", CH3COO', SO42" did not interfere in determination of 14.67 ppm of nickel. The composition found by solution studies has
been further corroborated by obtaining the solid complex as light brown
shining plates with a m.p. of 60°C and the molecular formula Μ
(C16H20N4O6).
Bhatt et al. 1211 have used 3-hydroxy-3-n-propyl-l-p-tolyltriazene for the
spectrophotometric determination of nickel. A greenish-yellow complex with
the reagent shows λ ^ at 360 nm in the pH range 7.8 - 8.2. The working
wavelength has been chosen as 370 n m Maximum colour development takes
place when the reagent is in eightfold excess. The complex has the
composition 1:3 and the Beer's law validity range is 0.58 to 3.52 ppm of
nickel. The value of the conditional stability constant is log β = 15.71. The
molar absorptivity and Sandell's sensitivity values are 7417 1/mole cm and
7.91 ng/cm2 respectively. It has been reported that 2.93 ppm of Ni (H) can be
determined in the presence of 5 ppm of 17 cations and anions including Cd (Π),
and Hg (Π). However, 5 ppm of Μη (Π), Co (Π), Zn (Π), Cu (Π), Cr (ΠΙ),
oxalate and molybdate are reported to interfere. The composition found by
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solution studies has been corroborated by preparing a greenish-yellow
crystalline solid complex with m.p. 45°C and molecular formula Ni
(C30H43N9O3).
A number of hydroxytriazenes have been synthesized and screened for
their biological activities in our laboratories /28-30/. The compounds have
been screened for their antibacterial, antifungal, insecticidal and
antitubercular activities. Rezaie et al. /31/ have recently reported the
synthesis of 3-hydroxy-3-p-tolyl-l-m-chlorophenyltriazene and insecticidal
studies of its activities against Drosophila melanogaster Meig.
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