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CHAPTER I : INTRODUCTION



Historical

The development of solvent extraction of metals as
a popular analytical technique began with the introduction
of the selective and sensitive chelating agent 'dithizone’
by H. Pischer in 1925.' Microgramme amounts of copper,
zinc, mercury, etc. could be determined by extraction of
their Aithizonates into chloroform or carbon tetrachloride,
followed by measurement of the optical absorbance of these
extracts. Subsequently, a number of other chelating agents
such as cupferron,® Aimethylglyoxime,3 gehydroxyquinoline,“
and sodium dtothylatthtoenrbmtos were used in the
extraction-photometric determination of several metals.
The scope of solvent extraction in analysis is not,
however, restricted to the extraction=photometry of chelate
complexes. Many complexes other than chelates can also be
used for this purpose: well-known examnles are the
thiocyanate complexes of iron, molybdenum and tungsten.
Secondly, solvent extraction may be used merely as a
pre=concentration step,®”® the final determination being
made by techniques such as atomic oboorntlon,lo neutron
activation or anodic stripping voltammetry. A widely used
extractant for this purpose is APIC (ammonium pyrrolidine
Aithiocarbamate) with MIBK (methyl isobutyl ketone) as the
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solvent - a combination which is used for the
determination of trace elements in waters. It is

even possible to separate several elements as anionic
complexes or solvated ion-pairs from mineral acid
solutions A3 This facilitates either the determination
of the particuler element so extracted, or of the
elements remaining unextracted in the aqueous phase.

A well~known and very early example is the separation

of iron from hydrochloric acid solutions by extraction
with diethyl ether.’™ A survey showed that solvent
extraction is definitely the most popular separation
method used in analyticel work.l? The modern developments
in the field include the use of organo-phosphorus
compo\md.,“'w crown cthor-,la’lg solvent-impregnated
resins liquid nﬁnnn,a'“ membrane filters23 and
organic-bonded beads impregnated with suitable complexing

agents om

The applications of solvent extraction are not
confined to the analytical lsboratory. The technique
shot into the limelight during World War II in the
extraction of uranium from nitric acid solutions with
ether and other aolvom.zs Solvent extraction is one
of those separation techniques which, originating in
the domain of analytical chemistry, later found



important commercial applications. Mention may be

made of processes for extraction of uranium using high
molecular weight -.lne-“ in nuclear-fuel reprocessing
(Purex process) for separation of nickel and cobalt from
coppor.ﬂ and selective extraction of copper using the
commercial extractant LIX 6“.28

Numerous monogravhs and review articles have been
publishea®117929°36 .\ 1oen the asnalytical and the
anplied aspects of solvent extraction of metals.

cal the lvent Ext t
gg lhtgl!
Definitions
If the concentrations of a given species in the

organic and agueous phases are ¢:° and C at equilibrium,
the distribution law of Nermst is given by

The equilibrium constant ‘d is called the distribution
constant for the given species for the given nair of

solvents at a given temperature.

In the extraction of a metal into an organic phase,
the metal may be present in Aifferent forms particularly
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in the aqueous phase (e.g. as hydroxy comnlexes, as
charged, coordinatively unsaturated comnlexes etec.).
A distribution ratio D is defined by

> ® Total concentration of the metal in the organic phase
Total concentration of the metal in the aqueous phase

(2)

The distribution ratio is hence an experimental guantity.
It is not & constant and varies with the extraction
conditions. Often, the parameter of interest is the
‘percent extraction' E which describes how much of the
metal can be extracted under given conditions with given
reagents. The relation between E and D is given by

E = yD (3)
D+ (V'/VO)

where V' and V° are the volumes of the agueous and organic
phases respectively. When the volumes are arranged to be
equal

E = -ll;“-i—b.i- (&)

Nature of the Extracted Sbecies

The most easily recognizable inorganic species
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extracted by an organic solvent are the following:

(1) Neutral molecules such as H:f:l.i, Ia and 8!:(:.1.3

These have a more or less molecular type of

structure in the solid state.

(11) Ion-association systems, which comprise

(a) non-solvated ion-pairs, particularly those involving
large ions, such as rubidium polylodide, ceaesium
tetraphenyl borate or tetraphenylphosphonium
tetrachloroaurate, i.e. [p(c6n5)l.]+ [mz,’]-;

(b) solvated ion-pairs. as in the extraction of the
perchlorates of Co, Ni, Zn, etc. by higher alcohols or
of metals such as U and Pu from nitric acid solutions
with neutral solventsy (c¢) anionic complexes, as in the

extraction of FeCl, from agqueous hydrochloric acid by

3
diethyl ether, the extracted species probably being

[“30"]’ [Ml,’(ltaﬁ)z] .

(111) Uncharged coordinstion compounds

The species usually extracted is the uncharged
complex in which all the coordinating positions are
occunied by the ligand molecules. The most important
type is the uncharged chelatej but mixed licand comnlexes
in which at least some of the coordinating positions are



occupied by non-chelating ligands, may also be
extractable. The formation of mixed ligand complexes
generally leads to synergism in extraction and the

subject is dAiscussed later on in this summary.

P rs the Ext ilit £ Chelate

The most important factor governing the
extractability of a chelate is its thermodynamic
stability. This subject can be found extensively
treated in standard texts.’’ ¢© Tne relevant
information is summarised below.

The chelate stability depends on the nature
of the metal atom, the nature of chelating reagent
and the stereochemistry of the chelate, these factors
being not m.ny' independent of one another. With
the same chelating ligand, the chelate stability
increases with increasing 'acidity' of the metal ion.
An approximate measure of this property is the value
of za/r where Z is the charge and r is the effective
radius of the cation. Thus the more highly charged
cations would in general, tend to form more stable
chelates. Existence of inner bonding orbitals (such
as the 34 orbitals for the first series of transitional
elements) leads to greatly increased chelate stability.



This is often attributed to the higher polarizabilities
of these cations. Thus the chelates formed by
transitional elements are more stable than those formed
by pre-transitional elements (.. the 'a' metals) with
the same size and charge. A fairly satisfactory
correlation for a number of transitional and non=-
transitional ions is that based on the ionization
potential of the metal atom/ion corresponding to the
last electron lost. On this basis, the well-known
'Irving=Williems' order of stabilities of the chelates
of several Aivalent metals with EDTA has been drawn up:
N4(II) > Cu(II) > Pb(II) > 2Zn(II) ~ Co(II) > Mn(II) >
ca(XI) >» Mg(IX) = 8r(II) > Ba(II). The relatively high
stabilities of the EDTA complexes of the 'EB' metals
(e«ge Pb, Zn) in the sbove series is in agreement with
the general observation that the properties of the
Bemetals (4n, Cd, Hg, Cu, T1, Pb) are intermediate
between those of transitional metals on the one hand
end the typical ‘a' metals (pre~transitional metals)

on the other. With a given ligand, the relative
stebilities of transition metal complexes also depend
on the crystal field stabilization energy (which itself
depends on the nature of the cation and the ligand) es
well as on the 'spin state' of the metal in the comnlex.

~1]



Thus we find that the ferrous complexes of Adipyridyl,
1-10 phenanthroline and CN are more stable than the
corresponding ferric complexes, whereas the reverse
situation holds for the Fe(II) and Fe(III) complexes
of citrate, tartrate, hydroxide, fluoride, etc.

The great, sometimes decisive, importance of the
nature of the ligand, is also to be stressed. The
important parameters here are the polarizability and
basicity. Transitional elements and Bemetals form
stronger complexes with the more polarizable N as donor
atom as compared to O, but this effect also depends on
the metal. Por instance, the difference in log K values
of the Cu(Il) and Mn(II) chelates of the three ligands
oxalate, glycinate, end ethylenediamine are, respectively
3+2y 9«7 and 14.8 (the Cu chelate being more stable in
all cases). The higher relative stabilities of chelates
as compared to complexes with monodentate ligands is
attributed to an cnthaipy effect in the general case,
but in the case of transition metal comnlexes there is
an added enthalpy effect due to the higher crystal field
stabilization energies of the chelating type of ligands
(e«g. Dg for oxalate is greater than for formste and
for ethylene diamine is greater than for ammonia). In
sum, the more polarizable cations and ligands form



stronger complexes than the less polarizsble ones. The
cations and ligands have been classified as ‘hard’,
'soft' and 'intermediate' acids (cations) and bases
(ligands) respectively to ensble qualitative prediction
of the relstive stabilities of complexes.®1?62

Another weighty consideration in the solvent
extraction of chelates is the stereochemistry of the
chelate. For instance, Al{III) does not form an
extractable complex with a 2-substituted g-hydroxyquinoline.
Owing to the steric hindrance from the 2=-substituent,
the small A13" ion cannot accommodate three such ligand
moieties around itself. Another examnle is that, while
ethylene diamine forms square planar comnlexes with
Pe(IX), PA(1I), Cu(IX), N4(II) and Co(Il), cis=],2=
diaminocyclohexane does not form such comnlexes with
Co(1I) and trans=l,z-diaminocyclohexane forms chelates
only with Pt(II) and Pa(II).

P Ext f metal

Complexes
(1) Hature of the solvent
The solvent does not, in general, play a purely

passive role in the extraction of metals. It may
directly coordinate with the metal ion, or it may be in
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the secondary coordination sphere as in true adducts,
Even seemingly inert solvents such as benzene, hexane
and chloroform, sometimes exhibit some specific effects 63
The nature of the solvent is varticularly imnortant in
the extraction of coordinatively unsaturated chelate
complexes 64965 e efficecies of various solvents in
this case can be arranged in decreassing order as:
alcohols > ketones > complex ethers > simple ethers >
halogen derivatives of hydrocarbons > hydrocarbons. On
the other hand, coordinatively saturated chelates are
better extracted with solvents such as benzene or carbon
tetrachloride than with ethers or alcoholo.“

(11) Effect of pH

If the process of extraction is viewed as a
chemical reaction it may be described by the equation

n+ 4
M * m(g) f—— mn(o) + nH

where M™ 13 the metal ion, HA is the organic chelating
agent and IIA\'l is the chelate. The subscript (o) refers
to the non-aqueous phase. M" and H , being charged
species, are assumed to exist only in the aqueous phase.
The m(o) is supposed to be in equilibrium with the
aqueous phase as follows:



M(o)g HA z-:_i'"’ * A

Similarly th(o)—[;-’m\.——»nn' + nA

The equilibrium constant for the extraction reaction
is then given by

o N
I L N L
CasECO P

If no intermediate complexes of the metal, such as

("An-l

(maly,

("]

b ar
) oeor (mn_z) are formed, then the ratio

gives the distribution ratio D, so that

el
x.x = D __.—‘——-
()"

or MD'MKu*HM[Mlo*an (5)-

From this relation it follows that, if the concentration
of the chelating agent in the organic phase is constant
(as can be achieved by using a large total excess of
the chelating agent) then log D increases linearly with

11



pH, and the slope of this line gives the number of
ligands n attached to an atom of the metal in the
extracted chelate, i.e.

Qlog? . 4 (6)
4 pH

These ul.tﬁu show that the percent extraction
increases with pH. The situation is qualitatively
similar to the conditions for formation of a soluble
complex in the aqueous phase, where an increase in pH
increases the concentration of the ligand species (A™)
and leads to higher concentration of the complex

MA, (or MA_, MAS_, ++ees)s The extraction equilibrium

commtx“emboshmtoboqtmby

n
K K
£ '5:" 1 (7)

*or

where K’ = formation constant of the chelate MAn

‘Dx = distribution constant of the chelate
‘Dl = distribution constant of the chelating
reagent HA

and K‘ = jonization constant of the reagent.
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Thus, conditions are favourable for extraction

(1.. K is high) if the chelate has high distribution
and formastion constants (KDX and xf). Generally, if the
formation constant Kt of a metal complex with a given
ligand is relatively high then the proton stability
constant KH of the ligand will also be relatively high,

leK = ,1( will be relatively low. Thus, in

H
many cases, the distribution constant K x of the chelate
has a dominant role in the extraction.

(111) Effect of hydrolysis

It was mentioned in (ii) that the percent
extraction would increase with increasing pH, but this
is true only when the metal species in the aqueous phase
is the cation M" or intermediate charged comnlex species
such as m:""')'. But several metal ions react with
hydroxyl ions in the aqueous phase to form hydroxy
complexes, or mixed hydroxy chelates. These complexes
are generally not extractable into organic solvents.
Since the formation of such complexes is favoured by
increasing pH, the extraction may actually decrease if
the pH is sufficiently raised, and in the extreme case,

the metal hydroxide may be precipitated.



This term describes the increase in extractability
which a mixture of complexing agents (or solvents)
produces, the enhancement being more than can be accounted
for by the effects of the individual reagents or solvents
as determined separately. The formation of mixed
complexes ie the co-n&n.t cause of synergism. For
instance, the oxine complex of Srﬂ’” or the acetylacetone
complex of 073 can be made extractazble only by addition
of an excess of the neutral ligand. This was explained
as due to the fact that the comnlexes were coordinatively
unsaturated and the vacant nositions are occupied by Hao
molecules. These llaO molecules make the complexes more
hydrophilic. Similarly, the extraction of thorium with
thenoyltrifluoroacetone is enhanced by neutral ligands
such as ‘l'l?.% The thorium complex which is extracted
is commonly written as an adduct, vis. ‘l‘h(‘ru)“. TBPy
but, in reality, it is a mixed ligand complex. In fact,
the differences in the effects of various types of
solvents noted earlier are probably all due to
synergistic effects of this type. The synergistic effect
itself often depends on the type of inert solvent used.
For instance, the synergic extraction of triply charged
ions in a synergic system TTA/TEP/diluent increases in
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the order chloroform € benzene < carbon tetrachloride
€ hexane < mm.%

(v) Kinetic fectors’> /S

If either the rate of complex formation or the
rate of transfer of the chelate from the aqueous layer
is slow, the extractability is adversely affected. For
instance, the extraction of Cr(III) with acetylacetone
is satisfactory only when the solution containing the
excess acetylacetone is boiled at pH 6.0. The rates of
formation of dithizone with elements such as Ni(II) and
Zn(1I) are affected by anions such as acetate which are
commonly added as buffer components. Equilibriwm in
extraction systems may be more speedily achieved if the
reagent is added as a solution in a solvent miscible
with water. On completion of the reaction, phase
separation is achieved by adding a suitsble electrolyte.’S

(vi) Comextraction’®

Ions such as Ru(III), Cr(VI), Wb(V) and V(V)
are not extracted with naphthenic acidsi but in the
presence of ferric salts they nass almost quantitatively
into the organic phase. Co-extraction has been exnlainés
as due to sorption of the co-extracted element on the
micelles of the complex extracted, or the formation of



16

definite compounds. The co-extraction of Ca with
lanthanide oxinates is assumed to be due to compounds
such as Cl(OX)aoa!(OX)3 where OX = gehydroxyquincline.

In addition to this type of co-extraction, z synergistic
type of effect also is known - e.g. the extraction of
the Cs -TTA complex is greatly enhanced if other alkali
metals, and especially Ca, are present. The presence

of neutral electrolytes of course leads to a slight
increase in extractability due to the salting-out effect.

(vi1) Suppression of extraction™8l

In the extraction of protonated anionic complexes
with solvents of high dielectric constant or high
basicity, it is found that the extraction of trace
elements is suppressed in the presence of an extractable
major component.






A solution of 3,5-dimethyl phenol (122 g, obtained
from M/s. Pluka AG) and sodium hydroxide (40 g) in water
(200 ml) was boiled under reflux for 3 hrs with frequent
small additions of methyl sulphate (97 ml). The oil was
separated and the aqueous layer extracted with ether. The
oil and the ethereal extract were then washed with dilute
sodium hydroxide solution end dried over calcium chloride.
Ether was removed and the residue distilled, collecting the
portion b.pe 190~200°C/740 mm. Redistillation gave
3,5-3imethyl aniscle, b.p. 194°C/740 mm (118 g = 86.7%).

(b) 2s4=Dimethyl-g-hydroxyacetophenone®3 (Reagent I)

A mixture of 300 g of amhydrous aluminium chloride,
136 ¢ of 3,5~dimethyl anisole and 400 g of cerbondisulphide
was heated to bolling and 82 g of acetic anhydride was
sdded over a period of 30 minutes to the refluxing mixture.
Refluxing was continued for an hour and the mixture was
allowed to stand for 2 hrs. Ice-cold water was added and
the oily layer separated. The aqueous layer was extracted
with ether, The mixture of oil and ether extract was
extracted with 57 NeOH solution. The alkaline aqueous

5443 5411572 54 (%43 TR-516

FAP
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layer was acidified and extracted with ether. The solid
residue after the evaporation of ether was treated with
charcoal and recrystallised from pet.ether (60-80°C) to
give white crystals (m.p. 53°c).
Analysis: C, 73.403 H, 7.30y calculated for C10"12°a‘
Cy 73420y Hy 7432

The IR spectrum of the compound is given in Fig. 1
and the NMR spectrum in Fig. 2.

2.2 Preparstion of 2,4~dimethyl-G-hydroxyscetophenone
oxime®* (Reagent 11).

10 g of 2,4~dimethyl-é-hydroxyacetophenone, 25 g of
hydroxylamine hydrochloride in 100 ml of water and 100 ml
alcoholic sodium hydroxide (10 g NaOH dissolved in 20 ml
of water and diluted to 140 ml with alcohol) were taken in
a 500 ml flask, refluxed on a water bath for 20 minutes,
cooled to room temperature, diluted to 400 ml and extracted
with benzene. The benzene was evaporated and the residue
was recrystallized from benzene - pet.ether mixture (1:1)
to give colourless crystals. The oxime was dried at
90-100°C m.p. 142°C (reported value 143°C). The IR
spectrum of the compound is given in Fig. 3.

Analysis:t C, 66.853 Hy 7.223 N, 7.733 calculated for
Cm“‘umg& C, 674023 Hy 7.313 N, 7.82.
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Known amounts of reagents I and II were dissolved
in 257 aqueous ethanol (100 ml) containing 0.1 M NaC10,
and potentiometrically titrated with carbonate-free
sodium hydroxide solution in a nitrogen atmosphere with
stirring. Pigures 44 and 5 give the titration curves for
the reagents I and II respectively. The ApH/AV vs. V is
also shown.

2.4 Preparstion of metal solutions

All the metals, reagents, etc. used were of
AR, m.o
(1) Copper

A weighed amount of copper turnings was dissolved
in 131 nitric~ perchloric acid mixture. The excess acid
was fumed off. The metal perchlorate was dissolved in
distilled water and made up to volume.

(i4) ZIren

A weighed amount of iron metal was dissolved in
hydrochloric = perchloric acid mixture. The rest of the
procedure was the same as for (1).
(111) Nickel and zinc

A weighed amount of metal was Adissolved in
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perchloric acid. The rest of the procedure was the
same as above.

(iv) Cobalt

A weighed amount of CoCIa.sllaO was dissolved in
the minimum amount of water and the solution fumed with
perchloric acid. The excess perchloric acid was fumed off.
The cobalt perchlorate was dissolved in water and made up
to volume. The cobalt was estimated gravimetrically using
1-nitroso~2=-naphthol.

(v) Manganese

A weighed amount of metal was dissolved in
hydrochloric acid and made up to volume.

(vi) Chromium

c:(no3)3.nuao was dissolved in water and made up
to volume. The Cr was determined by standard methods.

2.5 General procedure

The water used for dilution and making up to volume
was previously saturated with the organic scolvents to be
used for the extraction. The organic solvents were
similarly first equilibrated with water. The reagent was
added as a solution in ethanol to the agueous solution
before the adjustment of pH. The pH of the agueous
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layer was measured before and after extraction. The
difference was less than 0.1. In this thesis, the pH
measured after the extraction is reported as the pH of
extraction. The solvent was run from a burette into

a graduated pear-shaped separating funnel containing
the aqueous phase end the contents were shaken together
for a sufficiently long time to ensure attainment of
equilibrium. The metal in the agueous layer was directly
estimated using AAS. The metal in the organic layer was
first extracted into dilute acid and then determined by
AAS. The absorbance of the organic extract was measured
after drying it with AR anhydrous sodium sulphate.

2.6 Instruments used in the imvestigation

(1) ‘'Elico' digital pH meter model LI-120 reading
to 0401 pH unit with combined glass~calomel
electrode.

(2) 'Pye Unicam SP=1900' Atomic asbsorption
spectrophotometer for estimation of metals in
the solutions.

(3) 'Pye~Unicam SPg=100' UV-Vis spectrophotometer
for measurement/recording of optical asbsorbence.

(4) ‘'Princeton Applied Research (PAR) model 174=A'polaro-

graph for experiments on polarographic reduction of
ligands and metal complex solutions.
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(5) ‘'Perkin Elmer 5998' I.R. spectrophotometer
for recording IR spectra.
(6) 'Varien T-§0' for recording NMR spectra.

In all the extractions reported below involving

reagent I, the following solution concentrations should
be assumed:

(a) reagents 830 mg of ligand I Aissolved in
100 ml of ethanol

(b) sodium perchlorate: 1 M

(¢) metal : ) mM

To 1 ml of the metal solution taken in a 35 ml
besker were added 1.5 ml of the sodium perchlorate
solution and § ml of the reagent. The solution was 4iluted
to 1012 ml and the pH adjusted to sbout 10.5 using 111
aquecus ammonia, with stirring. The solution was kept at
room temperature (30° £ 3°C) for 12 hrs, then transferred
to a gradusted separatory funnel, diluted to the 15 ml mark
and extracted with 10 ml of chloroform. The chloroform
layer was separated and dried with enhydrous sodium
sulphate. The absorption spectrum of the dried extract
was recorded against a reagent blank. The metal concentrations



in the two layers were determined as mentioned earlier

and the percent extraction calculated. The results are
given in Table 1 and the electronic absorption spectrum
of the Cu-complex in Fig. 6.

When the pH was adjusted with sodium hydroxide
instead of ammonia, the metal hydroxides were seen to
precipitate and the extraction was very poor.

2.8 Extraction of metals with reagent I in the presence
of diethylemine

Egssentially the same procedure as in 2.7 was
followed, but the pH was adjusted (10.0-10.5) with
diethylamine. In the attempted separation of Cu(II) and
Ni(II) a 131 molar mixture of the metal solutions was
taken and the required amount of sodium tartrate added.
Extractions were carried out with 2x10 ml and then with
1x5 ml chloroform. The values obtained for the percent
extraction are given in Table 3. The electronic spectrum
of the Cu complex is given in Pig. 7. Ni(II), Co(II) and
Fe(11I) gave very poor extractionj the sbsorbance of these
extracts overlapped that of the blank. The values for
the separation of Cu(II) and Ni(II) are given in Teble 3.



Zgble 3

Extractions of metals with reagent~ I
in the presence of ammonia

Metal Percent extraction
Copper(1I) 68

Nickel(II) 4o

Cobalt(II) 42

Iron(IIX) Hydroxide precipitated
Manganese (II) Hydroxide precipitated
Zinc(II) nil

Chromium(IIXI) nil




Isble 3

Extraction of metals with reagente~I
in the presence of dtothyluu_tu.

Metal Percent extraction
Single extraction Triple
extraction
Copper(II) 90 100
Nickel(II) 5 <10
Cobalt(II) , 11 < 20

Iron(III) 7 <10

30
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Zgble 3

Separation of copper(II) from nickel(II)
with reagent-I, diethylamine and tartrate

No. Sodium tartrate Percent extracted in 3 extractions
(mg) Nickel(II) Copper(II)
1 500 nil 42.0
2 250 nil 61.0
3 50 nil 8140
[ 10 nil 980
5 5 nil 10040
6 nil 9 99.0
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2.9 1z 11 11),
11X h IIX T t I
presence of aniline

A procedure essentially similar to 2.8 was used,
with 0.5 ml of eniline replacing the Adiethylamine. The
PH of extraction was 6.5-7.0 in some experiments. The
extractions were repeated rusing 1 ml of aniline and also
at a higher pH (8.5-9.0), obtained by adding sodium
hydroxide. The results are given in Table 4. The
electronic absorption spectrum of the extract of the
Cu(II) complex is given in Fig. 8.

The Beer's law plot for the Cu(II) complex is given
in Fig. 9.

The procedure was similar to that given in 2.8
using aniline instead of diethylamine. The pH of
extraction was adjusted to 8.5+9.0 using alkali. The
results are given in Table 5.

2.11 Extraction of metals with Z.y~dimethyl-G=
hydroxyacetophenone oxime (reagent II)

In all the extractions with reagent II, the solutions



Zsble 4

Extraction of metals with reagent-I
in the presence of aniline

Percent extraction

Metal
PH = 65 = 740 PH = 8.5 « 04,0
Aniline Aniline Oe¢5 ml Aniline
0¢5 ml 1.0 ml + sodium hydroxide
solution
Copper(11) 70 73 100
Nickel (II) nil nil 3
Cobalt(II) nil 2 5
Iron(IIXI) nil nil nil

Chromium(IIX) nil nil nil
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ware of the following strength: (a) reagent: 900 mg of
the reagent in 100 ml ethanol, (b) sodium perchlorate -~
1M and (¢) metal solution ~ 1 mM.

To 1 ml of the metal solution taken in a 35 ml
beaker, 1.5 ml of sodium perchlorate ani 2.5 ml of the
reagent were added. The solution was diluted to 12 ml,
the pH adjusted to the required value and the solution
transferred to a separatory funnel, diluted to 15 ml and
extracted with 10 ml of chloroform. The electronic
absorption spectra of the dried chloroform layer are given
in Fig. 10« The percent extraction values are given in
Table § and the molar absorbance values in Table 7.

Iron(II), zine(II) and chromium(III) 4id not form
extractable complexes.

The procedure was essentially the same as given in
2.11, except that the extractions were carried out at
different pH values. The values for percent extraction
vs pH are given in Tables 8, 9, 10 and 1l1. The plots are
given in Pigs. 11, 12, 13 and 14.

2.13 Beer's law plots

Beer's law plots for the extraction of copper(II),
nickel(II), cobalt(II) and iron(III) in the optimum pH
range are given in Figs. 15, 16, 17 and 18.



Isble §

Extraction of metals using reagent~IIX

[Fa

Metal pH Percent extraction
Copper(1I) 540 = 6.0 100
Nickel(II) 840 = 8¢5 100
Cobalt(II) 8e5 = 9.0 100
Iron(III) 540 = 640 100
Manganese (II) 8.5 = 9.0 100
Zinec(II) 70 = 8.0 nil
Chromium(III) 840 = 9.0 nil
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Zeble 7

Molar sbsorbance value and )\ g,., Of
metal complexes of reagent~II

Metal )\-. Molar absorbance
(nm) €m
Copper(11) 336 (703 £ 0.1) x 103
Niekel (II) 360 (63 * Col) x 10°
Cobalt(II) 340 (747 £ 041) x 203
Iron(I1I) 3 (5e1 + 01) x 103
Manganese(II) M2 (625 * 0+1) x 103
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Isble g

Extraction of copver(II)
complex at Aifferent pHs

- reagent-II

43

pH Percent extraction
2.8 3.0
3.0 1040
3¢5 3640
3.8 6940
L0 880
be3 9845
4e5 100.0
540 10040
9.0 1000
100 98.0
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Tsble 9

Extraction ' of nickel(II) - reagent-II
complex at different phHs

pH Percent extraction
640 nil
6.5 nil
740 11.0
75 47.0
8.0 88.0
843 980
85 99.0
9.0 100.0
10.0 100.0

105 950

o~
1
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Zsble 10

Extraction of cobalt(II) -« reagent~II
complex at different pHs

pH Percent extraction
62 nil
65 240
7¢1 2340
746 5840
8+0 89.0
Belp 9745
940 10040
10.0 10040
1045 98.0

11.0 85+0
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Table 11

Extractions of iron(IIX) « reagent-II complex
at different pHs

pH percent extraction
3ol 18.0
3.8 5740
Le2 8640
46 975
540 100.0
6.0 100.0
740 100.0
8.0 100.0
2.0 100.0

10.0 91.0
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2.14 Use of ‘solvents other tham chloroform

There was no significent effect of use of solvents
other than chloroform (e.g. carbon tetrachloride, benzene,
n-butanol or amyl acetate) l.:f\:utrnetlouo of copper,
nickel and cobalt with either reagent~I or reagent~II.

But in the extraction of iron(III) with reagent~II, use
of n~butanol had a pronounced effect, the percent extraction
increasing by 10 to 40F of the value with chloroform.

2.15 Separation of nickel(II) from copper(II) using
-IX

1 ml each of copper(II) and nickel(IX) solutions,
2+5 ml of sodium perchlorate, 2.5 ml of the reagent~II
and the required amount of thiosulphate were mixed and the
pH adjusted with sodium hydroxide. After dilution to
25 ml, the solution was extracted with 25 ml chloroform.
Extractions were carried out at different pH values and
different quantities of the masking agent. The results
are given in Table 12.

2,16 Separation of copper(II) from nickel(II) using
»lX

The procedure was essentially as given in 2.15.
Extractions were carried out using different quantities
of oxalate, at different pH values, and also using agqueous



Isble 123

!’

Separation of nickel(II) from copper(II) using
reagent~II and thiosulphate as a masking agent

Sodium Percent extraction
" e Copper(II)  Nickel(II)
5el 100 2 nil
649 100 23 20
8e23 100 73 23
85 500 56 95

De5 500 61 26
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diethylamine (1:5) in place of sodium hydroxide for
adjustment of the pH. The percent extractions in these
experiments are given in Table 13.

2.17 Separation of copper(II) from nickel(II) wsing
Zeagent-II and tartrate as masking agent

The investigations given in 3.16 were repeated using
tartrate instead of oxalate as masking agent. The results
cbtained are given in Table 14.

2018 Separation of copper(II) from iron(III) using
reagent~II and tartrate as masking agent

Extractions were carried ocut using 1 ml each of

copper(II) and iron(III) in 0.1 molar tartrate at different
pH values. The results are given in Table 15,

The Fe/Cu and Ni/Cu molar retios in these experiments
both varied from 111 to 100t11. The pH varied from 8.50 = 8.90.
The results obtained are given in Table 16.

Various ions were examined for their effect on the
extraction photometric determination of copper. Extractions



Table 13

Separation of copper(II) from nickel(II)
using réagent~II and oxalate as masking agent

No. pH Weight of Percent extraction
sodium oxalate Copper (II) Nickel(II)

(mg)

1 742 10 36 nil
2 7.8 10 929 19
3 846 25 95

L 846 35 23 5
5 640 10 95 5
6 65 10 100 12
7 65 a5 97

8 740 35 95

In experiments 5 to 8, the pH was adjusted with
diethylamine.



Table 14

Separation of copper(II) from nickel(II)
using reagent~II and tartrate as masking agent

Weight of Percent extraction
- - sodium

tartrate Copper(1I) Nickel(II)

(g)

b} 840 0500 26 nil
4 83 04500 99 nil
3 85 0500 100 nil
b 8¢5 0250 100 7
5 8e7 0+500 100 nil
6 8.9 04500 100 3
7 945 0.500 100 27




Igble 33

Separation of copper(II) from iron(III)
using reagent~II and tartrate as masking agent

Percent extraction of metals

> Copper(1I) Iron(III)
3.00 nil nil
00 nil nil
5400 nil nil
6400 15 nil
7400 8 nil
8400 100 nil
9400 100 nil

10.00 100 nil




Isble 16

Separation of copper(II) from nickel(II) and
iron(IIX) using reagent~II and tartrate as masking agent

61

" Cu = 0.0l mM m o Percent extraction of metals
::tl./c: :ﬁ: :ir:.dr.:r Copper(II) |Nickel(II) Iron(III)
(Molar)
1 1 1 0.1 8.5 100 nil nil
2 1 10 0.l 8455 99.0 5 nil
3 1 10 0.3 8465 100 nil nil
o 1 100 0.6 8450 9840 nil nil
5 1 100 046 8460 100 nil nil
6 1 100 046 8¢9 100 nil nil
7 10 Oel Sely 29 nil nil
8 10 1 Oel 8e5 29 1 nil
9 10 0e2 8¢5 100 nil nil
10 10 100 0eb 8¢5 28 nil nil
11 10 100 06 8.8 100 nil nil
12 100 1 0e3 8.8 100 nil nil
13 100 10 0eb 8.8 100 nil nil




were carried out with different concentrations of ions
and the tolerance limit for each ion was determined.

1.0 ml of copper solution (1 md) was taken in a
45 ml beaker. 2.5 ml of the reagent-II solution and the
required amount of the ion to be tested were added and
diluted to 20 ml. The pH of the solution was adjusted to
8¢5 = 940 with ailute n.mff:omtm Ailuted to 29 ml end
extracted with 25 ml of chloroform. The extract was dried
and the absorbance was measured at 336 nm -qdmfnaqcnt
blank. The aqueous layer was also analysed for copper.
The results obtained for various ions are given in Table 17.

The tolerance limits for various ions in the

extraction photometric determination of nickel(II) with
reagent~II was found out exactly as in the case of copper.
The results obtained are given in Table 18.

From a mixed solution containing 1 ml each of
nickel(II) and iron(III) solutions, extractions were
performed at different pH values after the addition of
reagent-II and Aifferent amounts of hydroxylamine
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Tsble 17

Tolerance limit for various ions in the extraction
photometric determination of copper(II) using reagent-II.

Copper taken for determination - 63.5% g

Tolerance limit upto Foreiogn ion
-m
3 - 106 N.“' x"r + Cl- m -
: ’ m‘]’ ’ ’ 3
€10 , tartrate, NH,OH

1 x 10° sr?", zn%", Mg?", acetate,
cog‘, HCO ” oxalate, sof‘,
Br , F .

5 x 10* Ba®’, ce?’, Mo(1v), vo3,
2‘3-0’ Aq+

1 x 10* ca®”, rod”, a3, son”, '

1 x 10° Sn(II), Ti(IV), Zr(IV)

< 50 sa*’, cr(11I)
Absent Fe (III), Co(II), Mn(II),citrate

sao3a°, EDTA, CN~, Ni(II)




'r&;.c 18

Tolerance limit for various ions in the extraction
photometric determination of nickel (II) using

reagent~II

Nickel taken for determination - 58.69 ng

Tolerance limit upto Foreign ion
-;”
3 x 108 Na', K, Mg%", 17, No3
2. - >
1 x 106 Br , acetate, zn®" ’ s:z',
a- -
W 0H, CO3”, HCOS
5 x 10° P, SCN~, Mo(IV)
1x10° ce?’, ag', Ba?"
3 x 10" »?, 5,0, a3, ca?
1 x 10* P03, 43*
1 x 103 Vanadate, Ti*", zr'*", sn®",
tartrate
< 50 ce3, en*’
Absent EDTA, oxelate, citrate, CN ,

Pe(III), Co(II), Cu(Il), Ma(II).
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hydrochloride. The results obtained are given in Table 19.

2423 II IIX
extraction with resgent-II
To 1 ml of nickel(II) solution were added 2.5 ml
of reagent II, 0.25 ~ 0.50 g of solid sodium perchlorate
or acetate and varying amounts of chromium(III). The pH

was adjusted to 9.0 = 9.5 and extractions carried out as
before. The results are given in Table 20.

2.2 Simu

IX i1 =X

An aliquot containing 10«60 Ugeech of nickel(II)
and copper(Il), 2.5 ml of the reagent and 1.5 ml of
sodium perchlorate solution were taken in a 25 ml beaker,
diluted to 10 ml and the pH of solution adjusted to
8¢5 = 940+ It was transferred to a seperatory funnel,
Ailuted to 15 ml snd extracted with 10 ml of chloroform.

The extract was dried and the sbsorbance measured
at 360 nm ()\mof nickel-complex) and 336 nm ()\m“
copper complex). The amounts of the two metals in the
10 ml chloroform extract were found by solving the
equations
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Isble 19

Separation of nickel(IXI) from iron(IXI) using
reagent~II in the presence of hyiroxylamine

hydrochloride

(@) Ni(II) Pe(1II)

746 0410 460 nil

8.0 0410 81.0 nil

8+7 0.10 100.0 540

847 0425 1000 nil

9.5 0425 1000 nil
10.0 0425 - Part of the Fe(III)

precipitated as
hydroxide




Table 20

Separation of nickel(II) from chromium(IIX)
using reagent~-II

5847 Jg of nickel(II) was taken for each extraction.

Cr(III) taken Percent extraction
( po) nickel(II)  chromium(III)

30 900 nil

v 8440 nil

60 0.0 nil

100 #9.0 nil

300 2340 nil




A6 6.;50 - Eu

Cu = B X 0635 g
€ ™ M ¢
360 7336 336 360

where A336 and A360 are the absorbances of the sample
extract at 336 nm and 360 nm and Cvalues are the molar
absorptivities for the nickel and copper complexes of
reagent-II at the above wavelengths. The results obtained
are given in Teble 21.

2229 Simultaneous extraction-photometric determination
kel (II ver(IX n se £ 4 IIX

i «II and A4 1 ne h de

For the simultaneous extractione-photometric
determination of copper(II) and nickel(II) in presence of
iron(III), 0«2 g of the hydroxylamine hydrochloride was
added to the solution. The extractions were carried out
at pH 8¢5 = 9.0 with dAifferent quantities of copper(II)
and nickel(II) as before. The results obtained are given
in Table 21.

68



Isble 21

Simultaneous extraction-photometric determination
of copper(II) and nickel(II) using reagent-IIX

o Taken, ug Found, ug Error 7
Copper(II) Nickel(II) Copper(II) Nickel(II) Copper(II) Nickel(II)

1 50.8 W69 51.0 46 +6 Ools 0.6
2 12.7 5847 12.5 . 5846 1.6 0.2
3 25 o 2943 2547 294 1.2 0.3
" 38.1 1746 3843 17.2 0+5 243
5 31.8 2345 31.9 2440 - 2.1
6 18.9 11.7 18+7 11.9 1.0 1.7
- i 158 14e7 1640 4.8 143 0e7
8" 1849 11.7 19.3 11.5 2.1 147
9’ 508 35.1 5047 349 02 046
10"" 6345 5847 631 580 046 1.2

*  in presence of iron(III) (56 ug)

** in presence of iron(III) and chromium(III) by the method
given in 2.36.
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A solution containing ° <50 mg of copper and nickel
each were taken for extraction. The required amount of the
ion to be tested was added. The simultanecus determination

was carried out as in 2.24 and 2.25. The tolerance limits

of various ions are given in Table 23.

These extractions were carried out exactly as for
separation of nickel(II) from copper(II) described in 2.15.
The results obtained are given in Table 23.

228 II t(IX
-1X

The procedure was as given in 2.18. Results are
given in Table 24.

2.29 Effect of diethylamine in the extraction of metals
using resgent-II

The procedure was essentially as given in 2.11. The
pH was adjusted to 8.0 = 8.5 with aqueous diethylamine (1:11)
before extraction. The absorption spectra are given in
Figs. 19=23 and the ) = and C, in Teble 25-A. Teble 25-B
shows the increase in percent extraction when diethylamine

is used. Diethylamine by itself does not lead to any
significant degree of extraction.



Table 223

Tolerance limit for various ions in the simultaneous
extraction-photometric determination of copner(II)
and nickel(II) using reagent-II

50 jmg each of the metals were used for each extraction.

Tolerance limit Foreign ion
( pg)
1 x 10° na”, K", i, w03, clop,
so;, coa‘ HCOJ, €17, NH,OH.
5 x 107 zn2*, Mq‘*, acetate, Br~
3x 10* 5‘2*9 ca®’, F, ag
1 x 10* ca®, m3*, m?', sr?*, son”,
Mo(1IV)
103 Vanadate, pog', 813" sn?"
1 x 102 TI(IV), Zr(IV)
< 50 cr3”’, sn*", tartrate
Absent 203 CN~, EDTA, oxalate

citrate, Pe(III), Co(II), Mn(II).




Igble 23

Separation of cobalt(II) from copper(II)

using reagent~II and thiosulphate as masking agent

Sodium
> mzmmmu Co:::::: )mn::::t(n)
8.5 01 4740 8740
8+5 0.2 39.0 83+0
8e5 03 28.0 8040
8¢5 045 2640 8040
940 05 510 89.0
95 0e5 71.0 9340




Isble 2y

Separation of copper({lI) from cobalt(II) using
reagent~II and sodium tartrate as masking agent

M. e ot
645 0405 86 56
840 0429 % 3
90 1.0 100 19
9.0 1.50 98 15
De5 1+50 100 29




Teble 25-a

Effect of diethylamine on the sbsorption
spectra of metalereagent(II) complexes

~1
o

Netal Ligand~II ligand II + Diethylamine
>‘lll EN >‘-u nm €ll
ane ¥ 100 * 100

Cooper(II) 33 7300
Nickel(II) 360

336
360
Cobalt(II) 338 Py
33

§ 8881

6200
7700
Iron(11IX) 33% 5080
6250

Mangenese (II) 342 338




~1

Table 25-B

Effect of diethylamine on the percent
extraction of metals

Percent extraction Percent extraction

Metal PH without diethylamine  with diethylamine
Copper(II) 3.6 45«0 8040
Nickel(II) 646 nil 1640
Cobalt(IX) 6.7 10.0 68.0

Iron(IIX) 3.8 5740 550

(5] )
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The extractions were done after adjusting the

PH o 840 = 9.0 with diethylamine. Absorbances were
measured at 336 nme. The Beer's Law plot is given in
Fige 4.

231 n II) £ kel(II) usi
reagent~II, diethylamine and tartrate

These experiments were carried out with different
quantities of sodium tartrate and at Adifferent pH's
using diethylamine to adjust the pH. The results are
given in Table 26.

232 Separation of copper(II) from cobalt(II) using
nt-II lamine te

The experiments were done exactly as for copper,

nickel separation described in 2.31. The results obtained

are given in Table 27.

2433 I 111
-I1

The procedure was the same as for the copper-iron
separation described in 2.18 except that the reagent was
first Aissolved in chlordform instead of being added to

81



Igble 20

Separation of copper(IX) from nickel(II)
using reagent~II, diethylamine and tartrate

pH ::::;:“ Percent extraction of metals
(mg) Copper(II) Nickel (II)
b 5 28 nil
6 5 100 nil
eb 10 97 nil
55 5 100 nil
640 5 100 1
640 10 100 nil
740 10 100 15
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Isble 27

Separation of copner(II) from cobalt(II) using
reagent-II, diethylamine and tartrate

Sodium Percent extraction

pH tartrate
(mg) Cooper(II) Cobalt (II)

71 25 100 12
71 100 100 nil
71 250 25 nil
76 75 100 nil
8e1 100 100 7

8.1 a50 28 3
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the aqueous solution. The results are given in Table 28.

2+3+ Separation of copper(II) from chromium(III) using
reagent~II in presence of diethylamine (or aniline)
and_tartrate
The procedure was as in 2.33 except that the pH was
adjusted with diethylamine or aniline. The results are
given in Table 29.

2.35 Separation of copper(II), niciel(II) and iron(IIX)

IIX nt-IX

The solution contained 1 micromole each of copper(II),
nickel(II), iron(III) and chromium(III)., Extraction was
carried out as in 2.11, without the addition of any masking
agent. Copper and nickel were completely extracted with
partial (607) extraction of iron and nil extraction of
chromium.

2436 Simultaneous determination of copper(II) and
1(II) in se; 3 III) and chromium(III
us rea «IT

The extraction of copper(II) and nickel(II) along
with some iron(III) was carried out as given in 2.35.
The organic layer was then stripped with acid andﬁhceooper(n)
and nickel(II) were determined by extraction=-photometry



Igble 28

86

Separation of copper(Il) from chromium(III)
using reagent-II in chloroform with sodium
tartrate

Percent extraction

pH No. of extractions
Copper(II)  Chromium(III)
840 = 8.5 51 nil 1
940 = 945 70 nil 1
240 = 945 20 nil 2
9.5 = 10,0 78 nil 1
9¢5 = 10,0 99 nil 3




o
~J

Igble 29

Separation of coprer(II) from chromium(III) using
reagent~II in chloroform, with sodium tartrate
and diethylamine or aniline

pH Percent extracted in single extraction
Copper(1I) Chromium(IIX)
840 = 845 85+0 nil
8.5 = 940 89.0 nil
940 = 9.5 9340 nil
940 = 9.5 85.0 nil
9¢5 = 10.0 28.0 nil

* Aniline was used instead of diethylamine
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as in 2.25 using hydroxylamine to suppress the extraction
of iron. The results is given in Table 21.

2+37 3,9=Dibromo=2.y~dimethyl-¢-hydroxyacetophenone
{reagent=IIl)

1¢0 g of reagent-~I and 25 ml of 50 percent aqueous
acetic acid were taken in a 100 ml beaker. 2.4 g of
bromine in 9.5 ml of 80 percent acetic acid was added
dropwise with stirring. The reaction mixture was kept
at room temperature for 2 hrs. It was then diluted with
water and extracted twice with chloroform. The chloroform
extract was washed with water several times to remove the
acetic acid. The chloroform was removed and the product
obtained was recrystallized from chloroform-pet.ether
(60-80°C) mixture (1315) to give white crystals, m.p. 123°C.
Analysis: Found C, 37.293 H, 3.153 Br, 49.70 percent.
Required for Cloﬂlonraoag C, 37.303 Hy 3.133 Br, 49.63 percent.
The IR and the NMR spectra are given in Figs. 25 and 26
respectively.

Attempts to prepare a pure monobromo product £rom
reagent~I using the procedure recommended in uunturcss
for 3,5=dimethyl-g~hydroxyacetophenone were unsuccessful.
The product was probably a mixture of isomers which was
difficult to separate, Several modificetions of the
reaction conditions were also tried without success.



J1

2038 1,9=Dibromo=3,y=dimethyl-G-hyiroxyacetophenone
Re -IV

3.0 g of reagent-III, 4.5 g of hydroxylamine
hydrochloride and 22 ml of water were taken in a 250 ml
round bottomed flask., 22 ml of alcohlic sodium hydroxide
(2.5 ml of sodium hydroxide in 5§ ml water diluted to
35 ml with alcohol) was added. It was refluxed on the
water bath for 30 minutes, cooled, diluted to 100~150 ml
with water and extracted with benzene. The benzene was
evaporated and the solid residue obtained was recrystallized
from benzene-pet. ether (60-80°C fraction) mixture (1:10)
to give white crystals, m.p. 137°C.

Analysis: Found C, 36.03 H, 3.553 Br, 46933 N, 4.17 percent.
Required for C, H .Br 0 N3 C, 35.633 Hy 3+203 Bry, 47.423

Ny 4.15 percent.

The IR spectrum of the compound is given in Fig. 37.

2.39 Potentiometric titretion of reagents-III and IV
in 507 agueous ethanol

1 millimole of the reagent was dissolved in 50 ml
of ethanol in a 250 ml beaker. 1 ml of standard
hydrochloric acid (0.862 N) was added and the solution
diluted with deionised water to 100 ml. It was potentio-
metrically titrated against carbonate~free standard sodium
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hydroxide solution (0.588 N) with stirring, in nitrogen
atmosphere. The relevant portions of the titration curves
are given in Figs. 28 and 29.

2440 Extrections of metals using resgent-III in
presence of smmonia
To 1 ml of the metal solution (1 mM) were added
245 ml of sodium perchlorate solution (1 M) and 2.5 ml
of the ligand solution (0.8 g !.n' 100 ml ethanol). The
solution was diluted to around 18 ml and the pH adjusted
with aqueous smmonie solution (1:1) £o 9.5 = 10.0s The
solution was allowed to stand for 2 hrs et room
temperature and then transferred to the separatory funnel.
It was diluted to 25 ml and extracted with 25 ml of
chloroform. Extractions were also carried out using on
ammoniacal solution of ligand~IIX (0.8 ¢ in 100 ml
111 equecus ammonia) instead of an alepholic solution.
This solution was kept for several hours at room tempersture
before use, The metal in both the layers was estimated
by AAS and the percent extraction calculated. The results
obtained are given in Table 30.

3. 41 Extrection of metals with reagent=-III in
presence of diethylamine

The extractions were carried out as given above
but using aqueous diethylamine (13:1) to adjust the pH
to 9¢7=10e3¢ The results obtained are given in Teble 3l.



Table 30

Extraction of metals with reagent~III
in presence of ammonia

Percent extraction

Metal

Using alcoholic Using ammoniacal
solution of solution of
reagent-III reagent~III

Copper(II) 87 29

Nickel(II) 58 o7

Cobalt(II) LWy 89

Iron(III) 28 100

Manganese (II) W5 81




Isble 33

Extraction of metals with reagent-III
in presence of diethylamine

Metal Percent extraction
Covper(I1I) 26
Nickel(II) 60
Cobalt(II) 32
Iron(III) 55
Manganese(1I) 18




pH

SN N——

- :1 1 1 1 1
o 1 2 3 4 5 E

VOLUME OF 0588 N NaOH(ml)

FIG. 28. POTENTIOMETRIC TITRATION CURVE
OF REAGENT-II
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FIG. 29. POTENTIOMETRIC TITRATION CURVE
OF REAGENT-1IV
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2.42 Extraction of metals with reagent-III in presence
of aniline
The extractions were carried out as above but using
0«5 ml of aniline instead of diethylamine. The pH of the
extraction was 6.5 = 7.0 The results cobtained are given
in Table 32.

The electronic absorption spectra of the complexes
(in 240, 2441 and 2.42) in chloroform were recorded.
It was found that the metal complexes absorbed in the
region in which blank absorbance was very high. So
reagent=III was not used further for extraction~photometric
study.

2.43 Extractions with 3,5-dibromo=2,h-dimethyl=f=
hyaroxyacetophenone oxime (reagent-IV)
The extractions were carried out essentially as
in the case of reagent-III, as described above. Reagent-IV
was used as a solution in ethanol (0.85 g in 100 ml).
The pH of the solutions, prior to extraction, was adjusted
with sodium hydroxide, except in the case of copper in
which case agueous diethylamine (1:1) was used. The copper
complex was extracted into benzene, as it was not
extractable into chloroform and most other usual solvents.
The solid copper complex was also soluble in diethylamine.



Tsble 32

Extraction of metals with reagent-III
in presence of aniline.

Metal Percent extraction
Copper(I1I) . 89
Nickel(II) 9
Cobalt(II) 1%
Iron(III) 65

Manganese (II) nil

39
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The electronic absorption spectra of the organic
extracts are given in Fig. 30+ The values for Amax'

€, and percent extraction are given in Table 33.

2.44 Beer's Law plots of the complexes of conper(Il),
kel (IX alt(IIX nt-IV

The absorbances of the extracts were measured for
nickel(II), cobalt(II) and copper(II) at 372 nm, 356 nm
and 350 nm respectively. The extraction of copper was
carried out witl;t::dditlon of Aiethylamine as mentioned
above. The Beer's Law plots are given in Figs. 31, 32

and 33. .
2.45 Beer's Lew plots of the complexes of irgon(IIl)
and menganese(II)

The absorbances were measured at 336 nm for iron(III)
and 346 nm for manganese(II). The plot for the iron(III)
complex is given in Fig. 3%+ The values for the

manganese~-complex were too scattered for plotting.

2.46 Extraction of metal-reagent-IV complexes at
different pHs

The variation of percent extraction with pH for
the comnlexes of coprer(II), nickel(II), cobalt(II)
and iron(III) at different pHs are given in Tables 34,
35, 36 and 37. The pH vs extraction plots are given
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Teble 33
A max (7M) and €M of metal-reagent-IV
complexes
Metal A max €
(nm) o

Copper(1I) 350 (747 + 041) x 103
Nickel(II) 372 (7+8 + 0e1) x 10°
Cobalt(II) 356 (105 + 041) x 103
Iron(III) 336 (1046 * 0e1) x 103
Manganese (II) M6 (7.8 + 0.1) x 103




ABSORBANCE

300 400 500
WAVELENGTH (X)) nm

FIG. 30. ABSORPTION SPECTRA OF THE REAGENT-1IV-
COMPLEXES IN CHLOROFORM (IN BENZENE
FOR COPPER) OF (a) COPPER (II),
(b) NICKEL (II), (c) COBALT (II), (d) IRON ()
AND (e) MANGANESE (II)
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FIG. 31. BEER'S LAW PLOT OF NICKEL (II)-
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Igble 3

Extraction of copper(II) - reagent IV complex
at different pHs.

pH Percent extraction
1.97 2
249 a7
317 8l
3+58 926
390 100
540 100
7+0 100
940 100
10.0 100

11.0 100
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Zsble 39

Extraction of nickel(II) - reagent-IV
complex at different phHs

pH Percent extraction
3.6 nil
5el 53
57 51.0
6.2 85«0
65 970
70 10040
80 10040
940 10040
1040 9740

1045 8740
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Teble 36

Extraction of cobalt(II)-reagent-IV
complex at different phHs

pH Percent extraction
347 nil
Gels 2.0
640 250
6+6 82.0
7.2 929.0
9.0 100.0
10.9 100.0
105 9640

11.0 83.0
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Zable 37

Extraction iron(IiI)~-reagent-IV
complex at different piis

pH Percent extraction
2.1 1.5
245 12.0
2.9 31.0
3.3 82.0
347 o5
k.0 99.0
o5 10040
540 1000
940 990

1040 9240




in Pigs. 35, 36, 37 and 38. The copper complex was
extracted in presence of diethylamine.

2.47 Effect of diethylamine on the extraction of metals
with reagent=IV

The values for molar absorbance €M and Am of
the complexes of nickel(II), cobalt(II), iron(III) and
manganese (II) extracted with and without the addition of

diethylamine are given in Table 38. The absorption spectra

are given in Figs. 39, 40, %1 and 423.

The values for copper (necessarily with addition
of diethylamine) are included i{n Table 38. Without the
addition of Alethylamine, very little (5-107) extraction
was observed. The comnlex precipitated from the extract
on standing for a few minutes. The percent extraction
and stability of the extract increased sharply with the
addition of diethylamine but a quantitative relation
could not be found between the percent extraction and the
concentration of diethylamine.

2.48 Separation of copper(II) from nickel(II) using
-IV te
masking agent

The procedure was essentially the same as for
reagent-II (2.17), except that the pH was adjusted with
diethylamine. Results are presented in Table 39.

111
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Isble 33

Effect of diethylamine in the extraction

of metals using reagent-IV

116

Metal Ligand-IV Ligand«IV + Aiethylamine
Amax €, A max €n

. ¥ 100 nm * 100
Copper(II) * . 350 7700
Nickel (II) 372 7300 e 9600
Cobalt(II) 356 10500 e 8900
Iron(III) 336 10600 340 10000
Mancanese (II) 34 7800 32 8800

* The covper(II)~ligand-IV complex is insoluble
(or unstable) in solvents in the sbsence of diethylamine.
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FIG. 39. ABSORPTION SPECTRA OF NICKEL-(TI)-
REAGENT -IV COMPLEX IN CHLOROFORM:
(a) WITH DIETHYLAMINE
(b) WITHOUT 'DIETHYLAMINE
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FIG. 40. ABSORPTION SPECTRA OF COBALT-(I)-

REAGENT-IV COMPLEX IN CHLOROFORM:
(a) WITH DIETHYL AMINE

(b) WITHOUT DIETHYLAMINE
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FIG. 41, ABSORPTION SPECTRA OF IRON (TI)-
REAGENT-IV COMPLEX IN CHLOROFORM:
(a) WITH DIETHYLAMINE
(b) WITHOUT DIETHYLAMINE
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FIG. 42. ABSORPTION SPECTRA OF MANGANESE- (1) -
REAGENT-IV COMPLEX IN CHLOROFORM:
(a) WITH DIETHYLAMINE
(b) WITHOUT DIETHYLAMINE
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Isble 39

Separation of copper(II) from nickel(II) using
reagent~IV, diethylamine and sodium tartrate.

pH :odhn Percent extraction
"(;“)'” Copper(1I) Nickel (II)

3.3 0.010 61 13

3.3 0.250 45 nil

546 0.250 85 34

75 0.500 99 a

95 1.000 100 920




The procedure was essentially the same as for
reacent-II (2.15). Results are presented in Table 40.

2.50 Separation of copper(II) from nickel(II) using
reagent-IV, diethylamine and sodium oxalate as
masking agent
The procedure was similar to the corresponding

experiments with reagent-II (2.16) except that the pH

was adjusted with diethylamine. The results obtained

are given in Table 4l.

2.51 Separation of cobalt(II) from copper(Il) using
t-IV ate

The procedure was the same as in the corresponding
trials with reagent~II (2.27). The results obtained are
presented in Table 423.

2.52 Separation of copper(Il) from chromium(II) using
-IV 1

From a solution containing 1 micromole each of
copper(IIl), chromium(III), the copper could be completely
separated in a single extraction at pH 6.0 = 7.0, using
diethylamine, but no tartrate unlike the experiment in
section 2+33.
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Teble 40

Separation of nickel(II) from copper(II)
using reagent-IV and sodium thiosulphate

pH Sodium Percent extraction
thiosulphate
Nickel(II) Copper (II)
840 30 89 nil
81 10 98 5
8l 20 % nil
83 20 100 nil
846 25 100 nil
940 25 100 nil
945 25 100 nil
945 30 29 nil
945 50 79 nil
10.0 20 100 18
1045 10 100 53
"8 10 97 2

* Aqueous diethylamine (1:11) was used to adjust the
pH of the solution.



Separation of copper(II) from nickel(II) using

Isble )

reagent~IV, diethylamine and sodium oxalate

pH :::i:. Percent extraction
(mg) Copper (11) Nickel (II)
kel 25 350 nil
6.8 25 9740 340
6.8 50 91.5 nil
745 50 10040 65
845 50 100.0 21.0

More than 50 mg of sodium oxalate cannot be
used in 25 ml aqueous layer.

[ g%]
b



Teble 42

Separation of cobalt(II) from copper(II)
using reagent-~IV and sodium thiosulphate

pit Sodium Percent extraction
thiosulphate Cobalt (1I) Copper(II)
(mg)
8+0 30 89 2
81 50 23 7
940 50 95 23
9.8 50 2 6k

105 50 100 67




2453 t 1(II ch III
t-IV die 1 ne

Usinc the procedure given in section 2,23 it was
seen that 85%of nickel could be extracted from a mixed
nickel (II)=chromium(IIXI) solution at pH 8.0-8.5 without
extracting any of the chromium. Without Adiethylamine
the extraction of nickel was suppressed.

2.5% D of metale nt-II
I 1(I1 1z 111).

The log D values calculated at different pHs are
given in Tables 43, 44, 45 and 4. The log D values were
plotted against pH and are given in Figs. 43, Wiy, 45 and 46
for copper(II), nickel(II), cobalt(II) and iron(III)
respectively.

2.55 Log D vs log L plots of the reagent-II complexes
£ II) and n(III

The calculated values of log D and log L at
different reagent concentrations for the comnlexes of
copper(II) and iron(III) are given in Tables {7 and 48.
The log D vs log L plots are given in Figs. 47 and 48.

2.56 Llog D vs pH plots of copper(Il), nicikel(II),
1t (11 iron(I1I s_of reagent=-IV

The log D values calculated at different pHs are



Zable b3

0o
~J

D Log D

pH |

04036 =1 o440

i . 0.113 «0o947

gy o 04562 «0+250

- " 24030 +04308

3.8 69.: - o

" :::5 65 «660 *1.817
We3
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pH

FIG. 43. LOG D vs pH PLOT OF COPPER (II)-
REAGENT-II COMPLEX
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Zoble L

log D vs pH of nickel(II)-reagent-II complex

o extrastion D log D

740 11.0 04124 -0+908
745 47+0 0+886 -0+052
8.0 8740 64690 +0+825
8¢5 9840 494000 +1.690

9



Log D

—

FIG. 44. LOG D vs pH PLOT OF NICKEL (I)-
REAGENT-II COMPLEX
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Zeble 47

Log D va pH of cobalt(II)-reagent~II complex

pH Percent
e q D log D
65 21 =0.0215 “1.668
70 17.0 =0.688 -0.688
75 50.0 1.000 0.000
8.0 89.0 +8.090 +0.910

85 9845 *65 +66 *1.817




Log D

pH

FIG. 45. LOG D vs pH PLOT OF COBALT (II)-
REAGENT-II COMPLEX

13



Log D

pH

FIG.46. LOG D vs pH PLOT OF IRON (II)-
REAGENT-II COMPLEX
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Igble 4§

log D vs pH of iron(III)-reagent«Il complex

134

Percent
pH — D log D
ey 18.0 0.220 ~0.658
3" ’700 1033’ 0.122
Le2 860 610 0.788
Leb 9745 39.000 1.580
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given in Tables 49, 50, 51 and 52. Log D vs pH plots
for the reagent-IV complexes of copper(II), nickel(IX),
cobalt(II) and iron(III) are given in Pigs. 49, 50, 51
and 53. Copper(IiI)~reagent~IV complex was extracted in
presence of diethylamine.

2.57 Synthesis of metel complexes of reagent=II

(2) Copper(II) and nickel(II) complexes

50 ml of the metal solution (10 mM) was mixed
with 50 ml of the reagent solution (50 mM), in 20 percent
aqueous ethanol at room temperature. Dilute sodium
hydroxide solution was added dropwise with stirring
till the pH of the solution attained the value around 6.0
for copper and around 9.0 for nickel. The precipitate
was allowed to settle for an hour, filtered through a
sintered glass crucible and washed several times with
ethancl to remove the excess reagent. The product
obtained wes Aried and recrystallized from benzene.
Analysist (1) Copper(Il)-reagent=II complex
€y 564703 Hy 5083 and Cu, 15.7% percent; Cu(C, i, H0,)
requires for C, 57.303 Hy, 5.72 and Cu, 15.15 percent.
(2) Nickel(II)-reagent-1I complex
Cy 57415 Hy 5487 ond Ni, 13.98 percentj Ni(C, H NO, ).}
requires for C, 57.703 H, 5.78 and Ni, 14.5 percent.



Log D vs pH of copper(lI)-reagent~-IV complex

Isble 49

140

Percent

pH extraction P log D
240 o0 04041 =1.38
2¢5 2740 0437 “Oele3
340 2040 2433 *037
3¢5 9540 19400 +1.28
3.8 98+5 65466 +1.82
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FIG. 49. LOG D vs pH PLOT OF COPPER (II)-
REAGENT-TI COMPLEX



Isble 50

log D vs pH of nickel (II)-reagent~IV complex

pH b FO o log D
5.3 1240 04136 04865
547 5140 14040 04017
640 P4e0 2846 RN
603 9340 13.3%0 1.123
645 9740 32.330 1.510

142
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FIG. 50. LOG D vs pH PLOT OF NICKEL (II) -
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Isble 32

log D vs pH of cobalt(Il)-reagent~IV complex

Percent
ot e B D Log D
,', "o OOO’“ =138
640 3540 04333 “0«48
65 7640 30166 *0450

70 970 32.300 *15)
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Log D vs pH of iron(III)=-reagent IV complex
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pH Percent

extraction . log ®
2.1 145 0.0153 «1+820
2.5 12.0 04136 ~0+865
249 31.0 0e4le® =0e347
3e3 82.0 %4550 +0+660
347 o5 17.180 +1.235
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(b) Iron(Ill)-reagent-II complex

The iron(III)-reagent-II complex was prepared
essentially by the above method, but the precipitate
was washed with 1:1 agqueous ethanol since unlike the
complexes of copper and nickel, it was solubie in pure
ethanol. The washed and dried precipitate was soluble
in chloroform. The analysis, however, did not indicate
any definite stoichiometry, the best value corresponding
almost to hl’.z(OH)- The IR spectrum of the compound in
carbon tetrachloride is given in Fig. 53 (for comparison the
IR spectrum of the copper complex is given in the same
figure).

2.58 Behaviour of metal-reagent~II complexes in a
silice gel chromatographic column

5 ml of an approximately 0.1” solution of the
metal complexes obtained by dissolving the freshly prepared
solids in chloroform, were taken on a silica gel column
(size 15 cm x 1.5 em, silica gel type 'Acme') and eluted.
The observations are given below.

(1) r(II lex

This was the most easily eluted complex, pure
chloroform being sufficient.

(11) Nickel(II) and cobalt(II) complexes

In these cases the elution with pure chloroform
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was very slow, cobalt(II) eluting slightly better than
nickel(II). In both cases, alcohol and acetone gave
faster elutions, acetone being better in this respect
than alcohol. A fast elution also resulted when a
chloroform solution of the reagent was used.

(111) III lex

The solid complex which had been washed with
ethanol and dried in a vacuum desiccator was dissolved
in chloroform and taken on the column. The complex was
found to be strongly adsorbed on the top of the column
as a brown band and could not be eluted with pure
chloroform, alcohol, acetone, or even by a chloroform
solution of the reagent-II. If, however, the complex
was taken on the column directly as the chloroform
extract containing excess reagent (without first
preparing the solid complex) then it could be completely
eluted by pure chloroform.

t 10! udie tal=re nt-II
complexes

2.59 (a) Preliminary experiments
(1) In 29 percent ethanol (precipitation-titration)

A solution containing 0.2 millimole of the metal
and 1 millimole of the reagent~II in 25 ml ethanol were
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taken in a 250 ml beaker. 10 ml of sodium perchlorate
solution (1 M) and 65 ml of water were added. The
solution was potentiometrically titrated in nitrogen
atmosvhere with carbonate-free sodium hydroxide solution
(O+442 N). At the inflexion point the titration was
stopped and the precipitate which had formed was filtered
under suction, dissolved in chloroform and then back
extracted with 0.1 N hydrochloric acid. The metal in the
acid extract was determined by AAS.

Titrations were carried out as given above using for
the—metals, covper(II), nickel(II), cobalt(II) and iron(IIIX).
The metal taken for titration and metal found in the
precipitate as well as the pH at the inflexion are given
in Table 53.

(11) In 50 percent dioxan

2 ml of the nickel standard solution (10 mM),
20 ml of the o~hydroxyacetophenone oxime solution in
dioxan (10 mM) and 1 ml of the standard perchloric acid
(041002 N) were taken in a 100 ml besker. 5 ml of dioxan
and § ml of sodium perchlorate solution (1 M) were added.
The solution was diluted to a total volume of 50 ml with
deionised water (17 ml) and potentiometrically titrated
with carbonate free standard sodium hydroxide solution
(0+104%% N) with stirring, in nitrogen atmosphere.



Igble 33

Precipitation titration of metal-reagent~Il
complexes in 25 percent ethanol.

pH at Metal found in Metal

Metal inflexion precipitate taken
(mg) (mg)

Capp.r(!x) ’oo 12.60 12.71
Nickel(II) 840 11.52 11e7%
Cobalt(II) Soly 11.63 11.79

Iron(III) We§ 11.15 11.17

2]
[§)
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Titrations were also performed (a) with 1 ml of standard
perchloric acid solution alone and (b) with 1 ml perchloric
acid plus 20 ml of ligand solutions in dioxan.

Slight precipitation of the compnlex was observed at
the inflexion point. PFurther studies were carried out
only in 757 Aioxan.

(b) Final experiments in 79 percent aqueous dioxan
(1) Nickel(II) complexes

b ml of the nickel(II) standard solution (10™2 M),
20 ml of the ligend-II solution in dioxan (102 M), 2 ml
of standard perchloric acid (0.1002 N) and 10 ml of the
sodium perchlorate solution (1 M) were taken in a 250 ml
beaker. 55 ml of dioxan was added and the solution
diluted to 100 ml with deionised water. It was
potentiometrically titrated with standard carbonate-free
sodium hydroxide solution (0.10W4 N) with stirring in a
nitrogen atmosphere.

more
Two,titrations were performed as above, one with

2 ml of the standard perchloric acid solution alone and
the other with 2 ml of the standard perchloric acid plus
20 ml of the ligand~II solution in dioxan. The titration
curves for acid alone (A), acid + ligand (A+*L) and acid,
ligend and metal (A+L*M) are given in Fig. 54.
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The potentiometric titration was carried out
for nickel as described above using reagent~IV and
also o-hydroxyscetophenone oxime (o-HAO). The titration
curves are given in Figs. 55 and 56 respectively.

(14) Copper(II) complexes

The titrations were performed exactly as for
nickel. The curves are given in Fig. 57 for copper-
reagent~II3 in Fig. 58 for copper-reagent~IV and in
Fig. 59 for copper-o~hydroxyacetophenone oxime.

(111) t(II

The titrations were done exactly as described
for nickel and copper. The titration curves are given
in Fig. 60 for cobalt-reagent~II systemj in Fig. 61 for
cobalt-reagent~IV system and in Fig. 62 for cobalt~
o~hydroxyacetophenone oxime system.

(iv) Fotentiometric titration of iron(III)- reagent
luti t 4ai

These titrations with the reacent:metal ratio used
for the other metals were not satisfactory due to the
formation of precipitates and an apparent conversion of
these into the hydroxide towards the extremity of the
inflexion point.
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2.60 Partition coefficient of reagent-II by polarographic
method

Sampled d.c. polarograms of reagent-II (2 x 10-3 M)
in various buffers (pH around 1.0) viz. universalj
hydrochloric acid - potassium chloridej sodium acetate-
hydrochloric acid and MacIlvaine, all containing 0.002%
triton X=100 were recorded after purging the solution
with nitrogen for 10 minutes using PAR-174A polarograph
in conjunction with static mercury dropping electrode
(SMDE Model 303). The sampled d.c. polarogram obtained
in one of the buffer solutions (potassium chloride =
hydrochleric acid) is given in Fig. 63. In all the buffers

(at pH 1.0) studied above, the E was found to be at

1/2
=1.25 to =1.30 V vs Ag/AgCl and ig was found to be 13 uA.
To see the effect of pH on the polarographic
behaviour of the ligand (40 ppm) the differential pulse
polarograms were recorded at various pHs (1 to 9). For
pH 1 and 2 potassium chloride~hydrochloric acid buffer,
for pH 3 to 5 sodium chloride-acetic acid buffer and for

16

pH 8 to 9 borax~hydrochloric acid buffer were used (Fig. 64).

It was observed that the peak height decreased and Epeak
was shifted to more negative potential with increase in pH.

Above pH 4.0, no reduction peak was observed.

For calibration of the ligand, concentrations

from 10 to 60 ppm were taken in potassium chloride =
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hydrochloric acid buffer of pH 1.0 containing 0.002"
triton X-100 and differential pulse polarograms were
recorded after purging the solutions with nitrogen
(Fige 65)« The calibration curve was found to be
linear (Pig. 66).

Using this calibration the partition coefficient
of the ligand between chloroform and water was determined
as follows. A saturated sclution of the ligand in

chloroform (218 mg in § ml CHCl,) was prepared. This was

extracted with water (15 ml) aug equilibrated with
chloroform (15 ml). The reagent in aqueocus layer was
taken in potassium chloride ~ hydrochloric acid buffer
of pH 1.0 and this sclution was polarogreammed. The
concentration of the ligand was evaluated by using the
sbove calibration and its partition coefficient was

found to be 12,9.

Attempts to determine the partition coefficient
of the copper complex of this licand by the sbove
mentioned polarographic method failed, as the complex
A4id not give a welledefined wave.

2.61. Distribution cowefficient of copper(II) - reagent II
complex by extraction method

10 mgs of the pure copper (1I)-reagent II complex
was 4dissolved in § ml of chloroform (previously equilibrated
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with 10 aqueous ethanol). The solution was then shaken
for 4 to 5 hrs with § ml of 10% aqueous ethanol (previously
equilibrated with chloroform). The aqueous layer (pH = §)
was separated, acidified and the copper in the solution
was estimated by AAS. From the concentration of the
copper in the agueous layer the quantity of the complex
dissolved in the agqueous layer was calculated. The
distribution retio was found to be 475.



CHAPTER III : PRACTICAL APPLICATIONS OF
REAGENT~-II
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3.1 Determinstion of copper
(a) Silver metal sample

The sample contained traces of copper, silicon
and tin.

A known weight (4.50 g) of the silver sample was
dissolved in 11l nitric acid. The solution was diluted
to 100-150 ml and hydrochloric scid added dropwise with
stirring to precipitate silver as silver chloride., It was
kept warm on Mater bath for 1 hr, cooled, filtered snd
washed with dilute nitric acid. The filtrate was collected
and evaporated to a small volume (10-15 ml). The solution
was made up to 29 ml.

Into a 10 ml aliquot, 2.5 ml of the ligend solution
(10 mM) was added, the pH adjusted to 6.5 and the solution
extracted with 25 ml chloroform. A series of aliquots
(0s5 ml, 1 ml, 1.5 ml, 2.0 ml) of stendard (1 mM) copper
solution were similarly treated and extracted. The sample
and the standard extracts were dried and the absorbances
measured at 336 nm against a reagent blank. The value
obtained for percent copper in the sample is given in
Table Fh.

(b) Silicon-aluminium alloy

The standard sample supplied by the National
Metallurgical Leboratory, Jamshedpur was used for the



analysis. The certified values for this sample are
given below:

Silicon - 657
Manganese - 041957
Copper - 0.205%
Iron - 0797
Aluminium - 92.57%

A known weight of the sample (0.2 g) was dissolved
in HC1 and fumed with nitric acid and further boiled with
10 ml of mlo3 after adding 1 g of sodium chlorate and the
excess acid removed by evaporation. The residue was
boiled for a few minutes with deionised water and the
M% along with 8103 was filtered off., The filtrate was
made up to 100 ml.

10 ml of the sample solution was taken for determination
of copper by extraction-photometry at pH 8.7 (after adding
240 g of sodium tartrste). The result obtained is given
in Teble 54.

(e) Zine concentrate
The NBS standard zinc concentrate sample was used

for the analysis. Certified values for the sample are
given belowt



Zine - 47.0F
Lead - 607
Iron - 12.97
Caleium -  0.08F
Magnesium - 0.6%
Cadmium - 0a4F
Copper -  0.133F
Cobalt - 0+009%
Hickel - 0+006%

A known weight (1.0 g) of the sample was Aissolved
in hydrochloric acid snd evaporated with nitric acid
almost to dryness. It was then fumed with 1 ml of conc.
sulphuric acid. It was cooled, filtered through No. K0
filter paper and made up to 100 ml.

The copper was determined in a 5 ml aliquot by
extraction-photometry at pH 8.5 (using 1.0 g of sodium

tartrate). The result obtained is given in Table 5.
(4) g5-e Aluminium alloy

The NBS standard g5-s~aluminium bronze was used
for the analysis. Certified values are given below:

Aluminium - Oly.28°
Copper - 248
Nickel - Oeed”

Manganese - 04667

1

3
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Iron - 0.2087

silicon - 0s114%
Magnesium - 1.58
Titanium - 040167
Chromium - 0.2217
Zine - 00197
Lead - 0.002%

A known weight (0.2 g) of the sample was Adissolved
in hydrochloric acid. It was fumed with conec. nitric
acid and boiled with 10 ml of nitric acid and 1 g of
potassium chlorate. It was then evaporated to a small
volume, diluted with deionised water, warmed and filtered
through NHo.40 filter paper and made up to 250 ml.

The copper in a § ml aliquot was determined by
extraction photometry at pH 8.8 (using 2.0 g of sodium
tartrate). The result obtained is given in Tasble 54.

(e) Iron pyrites

A known weight (1.0 g) of the sample was ignited
in a platinum crucible to remove the sulphur and the
residue treated with hydrofluoric and sulphuric acid to
remove the silice. The residue from hydrofluoric acid
treatment was fused with potassium pyrosulphaste, dissolved
in deionised water and made up to 100 ml.



The sample solution was diluted 10 times and
2.5 ml of the solution was taken for determination of
copper. The extraction-photometry was carried out as
above but using 0.250 g of sodium tartrate at pH 8.5.
The result obtained is given in Table §h.

(£) Catalyst spent mass

A catalyst spent mass sample of the following
composition was used for the estimation of copper. The
percent concentration of the elements as determined by
independent analysis are given below:

Copper - 9.977
Zine - 1.6
Iron - 2.56
Antimony - 049
Carbon - 4§
Silicon - 8047

A known weight (0.50 ¢) of the sample was leached
with a mixture of nitric acid and hydrochloric acids.
The excess acid wes removed by evaporation. The residue
was boiled with deionised water and filtered through
Noe 4O filter paper. The filtrate was made up to 500 ml.

The sample solution was diluted 10 times and the
copper in a 5 ml aliquot determined as before but at a
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pH of 7.5, after adding 10 mg of sodium tartrate. The
result obtained is given in Table H4%.

(g) Yonmel iheil
A known weight (1.0 ¢) of monel was Aissolved in
ARy nitric acid. The excess nitric acid was evaporated
and the residue fumed with 1 ml A.R. perchloric acid, It
was then diluted and made up to 100 ml with deionised water.

The sample solution was diluted 100 times and the
copper in a 2.5 ml aliquot determined as before but at a
pH of 846 after adding 0°75 = 1.0 g of sodium tartrate.
The result obtained is given in Table 5h.

(h) Brass

A standard brass sample of the following composition
was used for the determination of copper. The figures
given by National Metallurgical Laboratory are

copper - 57.&#

zine - 39.007
lead - 2607
iron - 007
tin - 0.0

A known weight (0.1 g) was dissolved in nitric acid
and fumed with 1 ml of sulphuric acid. The residue was



Adissolved in deionised water, filtered through No. 40
filter paper to remove the precipitated lead sulphate
and made up to 200 ml.

The sample solution wes diluted 10 times and 2.5 ml
of the solution was taken for estimation of copper. The
extraction-photometry was done as before, but at a pH of
745 with the sddition of 5 mg of sodium tartrate, The
result obtained is given in Table 5.

(4) Aluminium bronze

The NBS standard aluminium bronze was used for this
analysis. The certified figures are

copper - 92,007
aluminium = 8.107
iron - 64207
nickel - 64007
aine - 64207

A known weight (0.1 g) of the sample was dissolved
in nitric acid and fumed with 1 ml of conc. perchloric acid.
The residue was dissolved in deionised water and made up to
500 mle

The sample solution was diluted 10 times and 5 ml of
the solution was taken for the estimation of copper. The
mmmm-mnmu-mu



845, after adding 0.5 g of sodium tartrate. The result
obtained is given in Table 54.

Analysis of the agueous layer after extraction of
the copper in all the sbove cases showed that there was
no extraction of the other metals like nickel, iron,
zinc and aluminium.

3.2 Determination of nickel
(a) Thin film coating

The thin £ilm was present as a coating on ceramic
cylindrical shaped base. 1.0 g of the sample was extracted
with a mixture of hydrochloric acid and nitric acid. The
excess acid was eveporated and the residue dissolved in
deionised water., The solution was filtered through No. 40
filter paper and made up to 25 ml.

g ml of the sample solution was taken for extraction.
The nickel in the solution was complexed with reagent-II
et pH 9.0 in presence of 10.0 = 25.0 mg of hydroxylamine
hydrochloride and extracted with 25 ml of chloroform as
usual. The extract was dried and the absorbance measured
at 360 nm aceinst reagent blank. The result cbtained is
given in Table 55.

(b) Cadmiumenickel solid solution

The sample contained 1.0 percent nickel and
99.0 percent cadmium.

178
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The sample (0.1 g) was dissolved in a mixture
of hydrochloric acid and nitric acid, The excess aecid
was evaporated off and the residue dissolved in deionised
water and made up to 100 ml.

5 ml of the sample solution was extracted using
reagent-II at pH 9.0 exactly as in the case of sample 'a'
without using any masking agent (Table 55).

(c) Stainless steel (NML standard sample 20.1)

The standard sample supplied by N.M.L, Jamshedpur
was used for the analysis. The certified figures are
given below:

Carbon - 0.38%

Silicon - 0.042%
Manganese - 0.250%
Sulphur = 0.082%
Chromium - 11.62%
Nickel - 666%
Copper - 0.119%
Iron - 80.63%

A known weight (1.0 g) of the sample was dissolved
in a mixture of hydrochloric and nitric acids and the
excess acid was evaporated off. The residue wes dissolved
in deionised water and made up to 250 ml.
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The solution was diluted 20 times, 5 ml of the
solution was treated with nitric acid and perchloric
acid and evaporated to dryness. 2«3 ml of hydrochloric
scid was added asgain and evaporated to small volume.
The sample was 4iluted to 5-10 ml with deionised water
and subjected to ether extraction to remove iron. The
ajqueous layer from the ether extract was taken in a
25 ml beaker and the excess acid was evaporated, It
was diluted to 5«10 ml, and treated with 0,250 ¢ of
hydroxylamine hydrochloride, 0.1 g of sodium thiosulphate
and 2.5 ml of reagent~II solution. The pH of the
solution was adjusted to 9.0 with diethylamine, the
nickel comnlex extracted with chloroform and the
absorbance measured. The result is given in Table 55.

The NBS standard 3h-a=steel acid open-hearth was
used for this esnalysis. The certified figures are

carbon - 09767
nickel - 02327
molybdenum = (040037

sulphur - 00267



manganese - 0.0501%

chromium - 0.2757
arsenic - 0.0007
silicon - 0.2967
phosphorous - 0.028%
vanadium - 0.007%
copper - 042227

A known weight (0.5 g) was dissolved in HCl and fumed
with nitric scid and further boiled with 10 ml of msﬂlﬁ
1 g of sodium chlorate and the excess acid was removed by
evaporation. The residue was boiled with deionised water
and filtered. The filtrate was made up to 350 ml.

5 ml of the sample solution was extracted with about
20 ml ether to remove most of the iron. The excess acid in
the solution was removed by evaporation and the residue
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dissolved in deionised water. The agqueous solution containing

conper, nickel, chromium and some iron was treated according

to the procedure given in Section 2.36 for simultaneous
determination of copper and nickel (Table 56).

(b) Monel
A known weight (0.) g) of the metal was dissolved in

nitric acid and the excess acid was evaporated. The residue

was fumed with perchloric acid and made up to 500 ml with
deionised water.



The solution was diluted 10 times and 4 ml of the
solution was taken for simultaneous extraction of copper
and nickel, Hydroxylamine hydrochloride (25-50 mg) was
used to mask the small amount of iron present in the
solution. The copper and nickel in the sample was
determined by extraction-photometry as given sbove (Table 56).



Zsble Sy

Determination of copper in some samples

using reagent~II.
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No. Sample Copper reported Copper found by
(%) extraction-
photometry (7)
a Silver 040055 0005%
b 67 si-al, alloy 04295 0202
c* Zinc concentrate 0s132 0129
’ 85=a=Aluminium 2.48 2445
alloy
[ Iron pyrites 273 2469
Catalyst spent mass 9.97 1010
g Monel 32.83 32.90
h* Brass 5780 5770

Aluminium bronze 72.00

71.82

% Standard samples
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20e1

Zable 55
Estimation of nickel in samples using
reagent~II
Samp Value reported Nickel found
foe - or found by by extraction-
independent method photometry
1 Thin £ilm 5049 }lg 50.2 H3
2 Hi/Cae-solid 1.07 0+99%
solution
3 Stainless steel 6466 64517




Zgble 36

Simultaneous extraction-photometric
determination of copver and nickel in

samples using reagent-II

Sample M_.MM_‘!L

Revnorted Pound Reported Found

Iy=a-steel acid 0+222 0226 0232 0229
open~hearth

Monel 32.83 3363 77 6%.08




CHAPTER IV : RESULTS AND DISCUSSION
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Reagent I, viz. 2,4=dimethyl-(~hydroxyacetophenone,
was used in this work mainly for preparing its oxime,
i.e. reagent-II. Since complexes of metals with a
reagent similar to reagent-I have been roporte«!,ae"92 it
was thought worthwhile to investigate its use for chelating
extraction. The I.R. spectrum of the reagent (Fig. 1)
shows the C=0 absorption band at 1600 em ', the shift from
the normal ketonic band st 1670 cm * being due to the
conjugated chelate system.?3 The OH sbsorption band is
also greatly shifted and merged with the nujol absorption
bmﬂ-,g’ due to hydrogen bonding in the chelate system.
The nmr spectrum (Fig. 2) shows the expected features.
The chelated structure of the compound would suggest a
fair degree of stability for complexes with transition
metals,

The I.R. spectrum of reagent~II (Fig. 3) shows
two bands, one at 3430 em » due to the oximino =OH group

and the other st 3325 cm ® due to the Hebonding of the
phenolic ~OH to the N of the oximino group. The strong

peaks at 1620 cm ' and 1575 cm * are due to the C=N
vibration coupled with the C=C aromatic stretching
vibrations.

Figures 4 and 5 show the potentiometric
titration curves of reagents I and II in 257 ethanol.
The titrations were carried out in order to find the
ionization constants (x‘) of these reacents. As mentioned in
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Chapter I, the proton stability constants ('*;) would

give an idea of the stabilities of transition metal
complexes. In Pigs.  and 5, the inflexions in the oH vs
V curves are not easily descerniblej but the peaks in the
differential curves are sharp and occur at the theoreticel
volumes of added alkali. The '‘end point error' is hence
negligible and we may take pK‘ as the pH at the half-
neutralization pointj the value is the same as that
obtained by substitution in known relations®?% gor
potentiometric titration curves. We get pl!,‘ for ligands I
and II as 10.15 and 9.95 respectively.

Reagent I by itself is not useful for extraction
of metals. The hydroxy complexes are obviously more
stable than the chelates. The extraction is better in
the presence of ammonia, except in the case of iron(III)
and manganese(II) which nrecipitate as hydroxides on
addition of excess ammonia. Since ammonia by itself does
not lead to extraction of copper, nickel and cobalt by
an inert solvent, the efficacy of the ligand I - ammonia
combination can be ascribed to some intermediate compound.
The formation of ketimines from ammonia and ketones has
been reported .”’98 We have observed a marked reduction
of the polarographic waveheight of ammoniacal nickel(II)
solutions a few hours after the addition of reagent I.
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Table 2 shows that for the extraction of copper,
diethylamine is more effective than ammonia. 'Triple
extraction' as mentioned in the Table means extraction

with three successive lots of (reagent I + Aiethylamine)
dissolved in chloroform. Table 3 shows that the reagent I -
diethylamine - tartrate combination is useful for the
separation of copper(IT) from nickel(II), provided too

much excess of tartrate is avoided., The overall conclusion
from the studies with reagent I is that it forms only

weak chelates with metals but a fair degree of extraction

is achieved in the presence of ammonia or an amine.
Although no satisfactory method could be devised for

simple separations or extraction-photometric determinations,
the observations led to the use of diethylamine in
extractions with reagents II and IV to be described later
in this thesis.

Salicylaldoxime has been known for a long time

as a reagent for precipitation of several metals,

99,100

particularly copper. The chelate of copper(II) has

the planar structure
I,H—O

N\
N=CH

O

—H’



The complex, being uncharged, would be soluble
in organic solvents. Salicylaldoxime has accordingly
been used for the solvent extraction of metals such as
copper and nickel 10191025103 yy ovics of the reaction
between copper(II) and salicylaldoxime in the two vhase
system has recently been studied .10" o~Hydroxyketoximes
have also come into prominence, especially for nossible
commercial applications, as has been mentioned in
Chapter I., Most of these are compounds with long

side-chains, e.qg.

Ci2Hz3

e

HO—N
(LIX 64)

The study of o~hydroxyaryl ketoximes for their
analyticel applications has been confined chiefly to
unsubstituted o~hydroxyacetophenone (o=HAO) ,105'10’
which was used by Rao and Reddy for the simultaneous
extraction-photometric determination of copper and
nickel.}?7 We were interested in investigating the
likely use of substituted acetophenone oximes and for
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this purpose first selected reagent II (2,4~dimethyle-g-
hydroxyacetophenone oxime or DMHAO for short). The
reagent is useful in extracting several metals as is

seen from Table 6. Zinc(II), chromium(III) and iron(II)
are not extracted. Polarographic studies carried out

in this laboratory (not reported here) show that the

zinc wave is not at all affected by the presence of
ligand II. This shows that zinc is not complexed by the
reagent, Table 7 shows Am and molar absorbances of
some of the complexes of interest. The absorbances of
the complexes of copper and nickel with this ligand are
hicher than those of the correspondinc complexes with
o=hydroxyacetophenone oxime (o~HAO). The €M values for
copper(II) and nickel(II) complexes are (7.3 + 0.1) x 105 1
mole ™l em ' and (6.2 * 0+1) x 105 1 mole” ) em™ with
DMHAO and (342 + 0+1) X 10° 1 mole  em > and (41 *
0.1) x 107 1 meie™ ea"M/respectivaly. The variihiih

of percent extraction with pH (Tables 8~11) and

Figs. 11~14) follow the usual pattern of the shift of
complex equilibria in aqueous solution with pH, when

the anion of a weak acid is used as the ligand. This
leads to a certain pH range in which maximum concentration
of the complex is attained., Beyond this range, the metal

hydroxide tends to get precipitated and the complexes
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with ligends other than OH break up. Figures 15 to 18
give the Beer's law plots for the extracted complexes
of coprer(II), nickel(II), cobalt(IX) and iron(III)

and show that reagent II is suitable for the
extraction=photometry of these individual metals.

Section 2.1% shows that for most of the metals
extracted, the 'inert' solvent used exerted no specific
effect. This would mean that these complexes are
‘coordinatively saturated' as mentioned i{n Chapter I
of this m.“e.q-,eg1m the extraction of iron(IIIX) is
markedly enhanced by the use of nebutenol, it would be
tempting to assume that the iron(III) is coordinatively
'unsaturated' and is extracted as ion pairs such as
(rer,]” (€10,)" or [rer]3* (cm,*)g" where L™ is the
ligand anion. The situation would be the same as in
the extraction of the perchlorates of cobalt, nickel etc.
by higher alcohols as mentioned in Chapter I. This
point will be considered again in a2 later part of this

Discussion,

Sections 2.15 to 2.19 deal with 2 few separations
using reagent II and some of the well~known masking
agents. Section 2.15 and Table 12 show that thiosulphate
has only a limited masking action on corper(II).
Although log K for the thiosulphate complex of copper(II)
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is 12.3, it is not strong enough to mask the copner(II)
etfectively )10 gection 2.16 and Table 13 show that
oxalate can effectively mask nickel(II) and allow
covper(II) to be extracted only if the pH is below 7.2.
The log K values for the neutral oxalate complexes of
copper(Il) and nickel(II) are 4.5 and 7.2 respectively. '}
Since the log of the stability constants of the copper
and nickel complexes of reagent II are 17.7 and 16.8
respectively (as will be seen from the experiments in
Section 2.59) and since 1007 of the coprer is extracted
above pH 4,5 and no nickel is extracted below pH §.5,

it is vossible to extract most of the copper at around
pH 7.0 in the presence of oxalate. Repeated extractions
at slightly lower pH can serve to separate all the copper,
but this was not pursued as tartrate was found to be a
better masking agent as is seen from Section 2.17 and
Table 1%. Complete separation can be achieved with
reagent II + tartrate at sbout pH 8.0. The values of
log K for the (neutral) tartrate complexes of copper(II)
and nickel(II) are 3.2°'% ana 9,903 respectively and
this, coupled with the use of pH's below 8.0 explains
the masking action of tartrate on nickel(II)., The
separation of copper(II) from iron(III) 4is still easier
as seen from Table 15, a complete separation being
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effected in a pH range 7.5 to 10,0« The log K values

of the tartrate complex of copper(II) and iron(III) are
342 and 18.06 13 respectively. Tables 17 and 18 give
general lists of interferences in the extraction-
photometric determination of copper(II) and nickel(II)
respectively., The separation of nickel(II) from iron(III)
is not possible even with the use of tartrate as masking
agent but since iron(II) is not extracted, the nickel(II)
can be easily separated if hydroxylamine is added to

reduce the iron(III) first (cf. Section 2.22 and Table 19).

Section 2.24 and Table 21 show that the reagent is
suitable for the simultaneous extraction-photometric
determination of covper(II) and nickel (IXI) with relative
errors ranging from Q.2 to 3.17 for copmfng.z to 1.77
for nickel. Hydroxylamine is effective in suppressing
the interference of iron as seen from experiments Nos.7, 8
and 9 in Table 2l. The interference of various ions in
the simultaneous determination of copper and nickel is

given in Table 22.

Tebles 23 and 24 show the results of attempts to
separate copper(II) from cobalt(II). Thiosulphate and
tartrate are both ineffective in selective masking of
copper and cobjglt respectively; log K for the cobalt-
tartrate complex is only 2.1.112
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It was earlier mentioned that addition of
diethylamine had a beneficial effect on extractions
with reagent I. This prompted similar trials with
reagent II. The results are given in Tables 25-~A and
29-B. It is seen from Table 25-A that diethylamine
scarcely affects the )\ _ , but leads to a marked
increase in the molar absorbances. The largest increase
is for nickel(II) (from 6200 to 9200) and the smallest
increase is for copper(II) (from 7300 to 7700). Such
enhancement in €, without change in Am is not
easily explained,

Sections 2.31 to 2.34 deal with the use of
diethylamine in separations. The separation of copper
from nickel using tartrate as a masking agent is easier
with addition of Aiethylamine than without such addition.
(Compare Table 26 with Table 14). When Aiethylamine is
added, much less tartrate is needed, the pH of extraction
can be as low as 4.6 and the pH range may be from 4.6 to 6.5.
The beneficial effect of diethylamine is even more
striking in the copper/cobalt separation. Comparing
Table 27 with Table 24, it is seen that only with the
addition of Aiethylamine is it possible to use reagent II
for this separation.
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It has already been noted that chromium(III)
is not extracted by reagent II/chloroform, and it might
be considered a simple matter to separate nickel (II)
from chromium(ZII) or copper(II) from chromium(III).
As regards the nickel/chromium pair, Table 20 shows
that although no chromium is extracted, the extraction
of nickel is appreciably suppressed. This is an example
of 'suppression of cxtnctioneo‘:nlntimod in Chapter I
of this thesis. It could be due to the nickel complex
being absorbed on the micelles of C:.'(Ol'l)3 or a hydroxy=-
Cr=ligand complex. Buch an effect is also noticed in the
extraction of copper(Il) in presence of chromium(III) as
seen from Table 28. One way of overcoming this difficulty
is to add diethylamine, as shown in Table 29. Instead of
diethylamine, aniline can also be used, but it is less
effective. Another method is to add sufficient iron(III)
to the mixed sclution of copper(II) and nickel(iIl), and
extract using reagent~Il without any tartrete or
diethylamine. The extractions of ceopper(II) and nickel(II)
ar: :«e:g.plct-, but that of iron(IIX) is only partiel, as
mentioned in Section 2.35. The suppressive effect of
chromium(III) appears to be selective towards iron(III).
As mentioned in Section 2.36, this effect can be used for
the simultaneous determination of copper(II) and nickel (II)
in the presence of iron(III) and chromium(III).
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Section 2.37 describes the preparation of the
hitherto unreported compound 3,5-dibromo=2,4=dimethyl-é=
hydroxyacetophenone. The I.R. spectrum of this compound
in nujol (Fig. 25) shows = broad band around 3300 em »
due to H=bonding of the phenolic ~0OH to O of the ketonic
group. The strong peak at 1670 cn°1 is due to ~C=0 and
at 1570 em ) is due to -C=C stretching vibrations.

The WMR spectrum in CCl.l’ (Fig. 26) shows the
following proton chemical shifts (in 8):
c(a)-cx-l3s 24433 c(“-t:ﬂ:;t 2473 -cocn33 2.64% and ~OH: Bl

Section 2.38 describes the preparation of reagent IV,
i.e, the oxime of reagent III. The I.R, spectrum of
this reagent in nujol (Fig. 27) shows three bands in
-OH stretching region viz. at 3500 cm ' due to the

oximino -OH groupj at 3480 c-'l

and at 3300 em" !} due to
hydrogen bondings of phenolic ~OH to Br and to the N of
the oximine group respectively. The peaks at 1620 cm *
and at 1575 em *

vibrations.

are due to C=N and C=C stretching

Figures 28 and 29 give the potentiometric
titration curves of reegents III and IV in 507 ethenol.
The compounds are not sufficiently soluble in 257 ethanol.
Unlike the titration curves of reagents I and II, the
curves 28 and 29 clearly show prominent inflexions at



the expected equivalent points. The ionization
constants are 1077*7° ana 1078+30 respectivelyy these
values show the compounds to be stronger acids than
reagents I and II. This would mean that the proton
stability constants have been lowered by substitution
by Br in the nucleus. The reagents may therefore be
expected to be somewhat weaker chelating agents for

metals.llh

Sections 2.40, 2.41 and 2.42 deal with experiments
on the use of reagent III (with and without added ammonia,
diethylamine or aniline). These were carried out on the
pattern of the work with reagent I and led to essentially
the same resultsj but as the blank absorbances are
relatively high, reagent III has no potential for
applications. The experiments are recorded merely for

completeness of presentation.

Regarding the use of reagent IV the following
questions are to be answered, viz. how are the molar

absorbance, the A and the peak resolution of the

max
several complexes affected by
(a) use of reagent IV in place of reagent II
(without diethylamine)

(b) the use of diethylamine along with reagent IVj and
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(e) the use of reagent IV in place of reagent II
if diethylamine also has to be used?

Comparison of Tables 7 and 33 provide an answver
to (a) and shows that the substitution of two bromine
atoms in the aromatic nucleus leads to an increase in
the molar absorbances of the complexes of all the metalsj
the largest increase of over 1007 being for iron(III),
foliowed by nickel(II). Comparison of Tables 7 and 30
as well as of the Figs. 10 and 30 show that use of
reagent IV results in an increase of )\ _  1in all cases,
though the increase is very slight for iron(III) and
mangenese (II). There is no appreciable increase in the
resolution of the peakss there is, in fact, a slight
decrease of 2 nm in the resolution of the copper(II)/
nickel(II) peaks.

As mentioned in the text, the copper complex of
reacent IV has to be extracted with addition of
diethylamine., Otherwise there is no extraction into
chloroform, and the benzene extracts quickly become
turbid and deposit the solid complex. However, there
is no quantitative relation between the percent extraction
of copper (as a stable complex) and the proportion of
diethylamine used, We cannot therefore assume a strong
coordination of the dlcthyluuuov molecules to the copper.
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If a metal M is extracted both as the complex MA

(A being the anion of a reagent HA) and as the complex
MAxBY (B being a solvent or cther neutral srecies which
brings about a synergistic extraction of M) then the
overall distribution coefficient would be aiven by

k' [mA] (8]
p = o ' o

CHN

where ' is a composite extraction constant. The
effect of diethylamine however satisfies the usual
definition of the synergic offcct.n‘s

The figures in Table 38 give an answer to
question (b) and show that unlike the case with
reagent II (Table 25-A), use of diethylamine does not
lead to a uniform increase in the molar absorbances of
the complexes of 2ll the metals investigated; for
cobalt and iron, there is actually a decrease in molar
absorbance when using diethylamine. However, it has been
observed that, as in the case of reagent II (Table 25-B)
there is an increase in percent extraction of all the
metals, particularly at lower pH's when using diethylamine
along with reagent IV.

Finally, the answer to question (c) would be =«
by comparing the last columns in Tables 25<A and 38,



that if Aiethylamine is to be used, there is no advantage
in using reagent IV instead of reagent II for the
determination of copper, nickel or cobalt. The iron(III)
caupldx of reagent IV has not only a higher molar absorbance
than that of reagent II (10000 as compared to 6600), it is
also extracted much better at lower pi's as can be seen
from Tables 11 and 37 (Figs. 14 and 38). However, the
extract of the iron(III) -lisand IV complex does not
obey Beer's law (Fig. 34), probably owing to a high blank
(Fig. 30)+ The effect of diethylsmine on the extractability
of the copper complex could be made use of in a number of
ways. BSection 2.49 and Table 40 show that nickel(II) can
be separated from coopper(II) using reagent IV and sodium
- thiosulphate as a masking agent for copper, without adding
diethylamine. This method, however, fails to separate
cobalt(II) from copper(II) as seen from Table 42, Table 41
shows that copper can be separated from nickel using
reagent IV, oxalate and diethylamine and in this respect
reagent IV is more unm' than reagent II. The rest of
the work with reagent IV was modelled on reagent II and
need not be discussed here.

Sections 2.5% to 2.59 deal with investigations
on the compositions and stabilities of the extractable
complexes of copper(Ii), nickel(II), cobalt(II) and
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iron(III). As mentioned in Chapter I, the slope of

the log D vs pH straight line plot would give the number n
of ligands attached to one atom of the metal, As shown
in Figs. 43 to 46, the slopes of all the straight line
plots for the metal ~ reagent 11 complexes are very
nearly 2.0. While this is acceptable for the divalent
metals, covper, nickel and cobalt, it looks prima facie
improbable for iron(III). As is evident from equation (%)
given in Chapter I, the plot of log D vs log [HL]O at a
definite pH should also be a straight line with a slope
equal to n. In practice, it has been shown that if a
fairly large excess of reagent is used, one can plot

log D vs log L where L is the total ligand concentration.
Figure 47 bears this out for the copper - ligand-II complex.
Figure 48 confirms that the iron(III) complex also has a
112 stoichiometry. The same stoichiometry is obtained
for all the complexes of reagent IV, Any doubt regarding
the stoichiometries of the complexes of copper and nickel
is removed by the preparations described in Section 2.57.
The preparation of a 'pure' complex of iron(III) with
reacent II was not successful, but a composition
approximating to hLZ(OH) was obtained for the washed and
dried solid., Figure 53 shows the IR solution spectra

of the iron(III) and copper(II) complexes. The broad



OH band in the region is similar to those found in

metal hydroxides, especially hydrated iron onudes.lm’ll?
The precipitated complex was soluble in pure ethanolj
hence 1:]1 agqueous ethanol was used for washing to remove
the excess ligand. It may be reasonably inferred that

at least part of the (0H) was introduced during the
washing process. The precipitated complex can therefore
be assumed to have a composition corresponding to
nna(m)x(oxt)l_x, X € 1.0« Here we have also to consider
whether the complexes which are extracted into chloroform
(or precipitated in the preparative procedure) are
coordinetively satursted. Nickel(II) being a a° lon is
known to form square planar complexes. Similarly
copper(II), a 4° ion, forms severely Aistorted (tetragonal
John-Teller distortion) octashedral complexes. Both these
ions would be coordinatively saturated with two bidentate
ligand moieties, although the copper(II) complex will be
loosely coordinated to two extra donor atoms, which

may be the 0's from the solvent molecules (llao or EtOH)
or may be the N's from the free reagent molecules (HL).

In the case of cobalt(Il), it may form either a
tetrahedral or an octahedral complex. We might suppose
for instance that initially it forms a tetrahedral
complex, but on extraction into the organic layer containing
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excess reagent it might either retain the tetrahedral
coordination or change 1utoa,}ct.h'dn1 coordination
with two extra reagent molecules. The case of the
iron(III) complex is different from the otherss the

1t 2 stoichiometry means that either (a) the iron is
extracted as an ion pair (hl-z)*x' as mentioned earlier
in this Discussion or (b) it is extracted as ux.a(w)x(om)l au?
X € 140« In either case the species will be coordinatively
unsaturated unless a sufficient number of solvent
molecules are coordinated to the iron. For instance,

the ion-pair mey be [Fel,(EtOH),]'C10,. The neutral
species may be Fel,(OH) (OBt) , _  Ftod or Fel,(OH) (OBt)..HL,
the coordination to HL being rather loose, so that the
observed guantitative dependence of log D on log L shows

a 112 rather than a 1:3 complex. Of these, the ion-

pair type of species seems to be less probable since

the extractant is the inert solvent chloroform. It is

also difficult to understand how an ion-pair complex

such as [rcx.a(:ton)a]*cm; would precipitate out of &

107 ethanolic medium and change to a specles with

Fe~0H bonding as seen in IR (Fig. 53) on washing with

507 ethanol. The large solubilizing effect of n<butanol
(when used as extractant in place of chloroform, as

noted earlier in connection with Section 2.14) may be
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attributed to the replacement of ~OH in tol.a(ai)x(ost)l_x.

EtOH by «0C, H rather than by coordination of two
™S

9
ckﬂgou molecules to Fe in the ion-pair. The solubility
in chloroform of a complex containing a small proportion
of metal-bonded (OH) groups need not be surprising. It

has been reported 8

that while the complex VO(L')(0H),
(L' = 2-mercaptopyridine N-oxide) is not extractable
with chloroform, it can easily be converted, by treatment
of the solution with an alcohol to the complex
VO(L')(OR)(OH), which is extractable. The Aifferences
in the compositions of the complexes of copper(II) and
nickel(II) on the one hand and of iron(III) on the other
are also seen in their different behaviours towards
chromatographic elution on a2 silica gel column. These
experiments were initially designed to remove the excess
free ligand from the precipitated complexes. The strong
irreversible adsorption of the iron complex points to
the presence of Fe-0H groups.

The precipitation-titretion experiments mentioned
in Section 2.59(a) were carried out in order to establish
that, at the inflexion point of a pH titration, the metals
concerned did indeed form complexes (with reagent II)
which were soluble in chloroform and which contained the



stoichiometric proportions of metal in each case. This

was considered an essential preliminary to the actual
potentiometric titrations in 757 dioxan . Titrations

in 257 = 957 Aioxan had been previously reported for

the complexes of salicylaldoxime and o-hydrcuyacotopmnonug'ma
Section 2.59(a)(ii) shows that 507 Aioxan was not quite
satisfactory. The method of enl.euhtiou123 is given below.

The first quantity calculated is n,, given by

o
(Va‘vl)(ﬂ‘l )
n, 2 ] - V° %
*‘vl ) x ‘I‘L
'1 = titration value for A (strong acid, alone
v, = titration value for A+L (ligand)
N = normality of NaOH
E° = initiel acid concentration
v® = initial total volume
'r‘," = total ligand concentration taken

Next, n is caleculated from

(vy=vy) [WEC + 17 (1emy))

(v°*v2) TR,
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where v3

'r: = total metal concentration taken
and n 4is the ‘licand number' i.e.

= titration value for A+L*M (metal)

concentration of ligand anions combined with the metal

total concentration of the metal

and the other symbols are as given for calculation of n,-

Now L or [b‘], the concentration of the free ligand
anion is calculated at a given pH by

o _=.,0
lti (’rL-n‘rn)

K, + [H]

L =

where K‘ = jonization constant of the reagent

[H] = hydrogen ion concentration at the given pH.
constants

The cqul.n’rt\-Lll and Kz are calculated from the
relation

KL (1=R) + KK L2 (2e0) = 7.
For a divalent cetion M2, K and K, are given by

. (s, ]
K = [nb] K = .__T_i__
e ') [(27)



Since we are interested mainly in the 1:2

complex only, the value of the formstion constant

R
£ '12 [uﬁ[f]z

is more important. The results of the calculations
given in Table 57 show that for the ML2 complexes of
nickel(II) and cobalt(II) the stabilities are in the
order: o~HAO ~ DMHAO > DBDMHAO which is also the order
of the proton stability constants. Interestingly the
stabilities of the copper(II) complexes are in the
ordert o-HAO > DMHAO ~ DBDMHAO. Considering the
published values for the stability constants of the
copper complexes of salicylaldoxime and its methyl

derivatives, 116,117,118

we see that the order of
stabilities 6f copper(II) complexes are: salicylaldoxime >
5=-methyl salicylaldoxime = Hechloro-salicylaldoxime =

S=nitrosalicylaldoxime » o-HAO > DMHAO = DBDMHAO.

Complex stability is not the sole criterion
for the utility of a reagent in solvent extraction or
extraction-photometry. The partition coefficient of
the complex, its spectral properties, amenability to
Beer's law, partition coefficient of the reagent itself,
all come into play. Section 2.60 describes the
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Table 57

Stability constants of the comnlexes of copver(II),
nickel(II), cobalt(II) ani hydrogen with substituted
o=hydroxyacetophenone oximes determined in 757’ dioxan

& Llog K values of complexes of

Ligand
copper(1Il) nickel (II) cobalt(IX) Hydrogen

DMHAO 1770 1675 1%.70 11.20
DBDMHAO 1725 11.70 11.0 9429
o=HAO 20405 1%.70 14%.70 1080
21.38 14.80"
119

* Values reported by previous workers

+ DMHAO = 2,\.—61mthy1-6-hydrmacetophonom oxime
DBDMHAO = 3,5-dibrm-a,wmthyl-6-tqdroxyaeetophe:n’;‘

0-HAO = orthohydroxyacetophenone oxime.



determination of the partition coefficient KDR of the
reagent II by a differential pulse polarographic method.
This value of K o, elong with results obtained from the
studies on log D vs pH and the values for K, and Ke

(= xlxa) obtained from the potentiometric titration
experiments, can be used to calculate the partition
coefficient of the metal complex. The simple extraction
procedure given in Section 2.61 can then be used to
calculate the proportion of the copper complex which
exists (in the absence of added excess reagent) in the
aqueous layer at a given pH. These calculations are
given below.

The total reagent added in the experiments on the
variation of log D with pH (Section 2.11) was 125 micromoles,
and the total copper added was 1 micromole. At pH = 3,
the percent extraction of copper is 10.2. Thus 0.2
micromoleeuie of the reagent would have combined with
the copper and the total uncombined reagent = 124.8 micromole.
From the partition coefficient of HL (= 12.9) and the
known volumes of the orcanic and agueous layers (10 ml
and 15 ml respectively) we calculate [HL], = 1.11 x 10>
end log [HL], = =1.952. Substituting in log D = log K
* n log [HL], + npH we get log K = =3.04 at pH = 3.0.
Similarly we get log K = =3.,22 at pH = 4.0
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An average value of =3.13 may be assumed for
log K‘. As given in Chapter I,
& . ety
n
%or
Therefore, log K = log K, * log K, * n log K, = n log K.
The experimental values for Log K , Log K,y log K, and
log K, are now substituted, taking care to choose the
‘t and ‘1 values from the same set of experiments (i.e.
potentiometric titrations in 757 dioxan) since K. has been

£
calculated assuming this particular value of K, (see Table 57).

log K = =3.13
log K, = 17.70
log K, = =11.20
end log Ky = 1411

ve get log Ky = 3.8
or Ky = 6310

The experimental value (475) obtained from the
simple extraction procedure (Section 2.61) is the ratio of
total copper in organic layer ('l'o)
total covper in aq. layer (T ).

While the numerator gives the correct concentration



[Culaajo of the copper complex in the organic layer, the
denominator is higher than the concentration [Cul.al. of
the undissociated complex in the agueous layer since

T, = [cun,] + [cur’), + [Cua"].

whereas LA (Cur, ],

We conclude that only %g'o i.2. about 7.57 of the

total copper in the aqueous layer is present as the
undissociated complex.

The main points of this Chapter on discussion
are summarised below:

(1) Reagent II, viz. 2,4~dimethyl~¢ -hydroxyacetophenone
oxime (DMHAQ) is better than unsubstituted o<~hydroxy-
acetophenone oxime (o=HAD).

(2) Reagent IV, viz, 3,5+dibromo=32,4=dimethyl-g=hydroxy-
acetophenone oxime (DBDMHAO) is better than reacent II
only for the separation of nickel(II) from copper(II)

and copper(II) from cobalt(II).

(3) VUse of suitable masking agents and experimental
conditions (especially the optimum pH) can lead to the
successful extractionephotometric determination (using

reagent II) of nickel(II) or copper(IIl) or both

simultaneously, in the presence of iron(III) and chromium(III).
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(&) The complexes of reagents II and IV of all the
four metals investigated except reagent IV complex of
iron(III) obey Beer's law.

(5) 2Zine(II), iron(II) and chromium(III) are not
extracted. Chromium(III) suppresses the extraction of
copper(II), nickel(II) and iron(III).

(6) Addition of diethylamine (DEA) enhances the
extraction of metals with reagents II and IV, For the
extraction of copper(Il) with reagent IV, addition of
DEA is essential.

Use of proper experimental conditions can lead
oo Sesestive sopittiten of cipper fren niaohel il
iron bytfan of reagent II alone. But for a separation
of copper from cobalt, addition of DEA is essentieal.
DEA also minimises the suppressive effect of chromium(III).

If DEA is used, reagent II gives still higher
molar absorbances, and the advantages vis-a-vis
unsubstituted o~hydroxyacetophenone are more marked.
DEA does not enter into the composition of the complex.
The synergistic effect appears to be due more to a
solubilizing action of DEA on the complexes.

NIRRT TR RN LRI/,




-of chromium(Iil).

(7) All the complexes have 112 stoichiometries. Such

a stoichiometry is natural for the divalent ions, but

not Hr iron(IIX), The iron complex may have the

composition hnz(al)x(M)l_’.mu or "“z“’“’x(m)).-"'m"

(8) Values obtained for the stability constants of

the complexes of copper(II), nickel({X) and cobalt(II)
show an order of stabilities Cu > Ni > Co instead of the
Irving-Williams series Ni > Cu > Co for all the three
reagents, DMHAO, DBDMHAO and o~HAO. Teaking individual
metals, the stabilities of the nickel and cobalt
complexes are in the order of o~HAO ~ DMHAO > DBDMHAO
vhereas for copper the order is o<HAO > DMHAO ~ DBDHAO.

Chapter III gives some of the practical applications
of reagent II in the extraction-photometric determination
of copper or nickel or both simultaneously in a nurber of
sctual samples using reagent II. The use of reacent IV
is quite similar and this reagent has therefore not been
used. When chromium(III) is present, the determinations
can be mede by three methods: (1) by oxidizing the
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chromium(III) to chromium(VI) and evaporating off

the cwzt:l.a with hydrochloric acidy (i1i) by extracting
with ligend IV in the presence of diethylamine and

(11i) by extracting with ligand II after adding

excess iron(III), so that the chromium(III) selectively
suppresses the extrection of iron(III) and all the
copper(II) or nickel(II) can be extracted. Methods (ii)
and (iii) were developed in the course of the present
work and are superior to method (1).



REFERENCES




le.
2.
3.
e

Se
6o

8e
Qe

10«

1l.
12.

13

pL
15

REFERENCES

FPischer, H., Wiss. Veroff. Siemens-Werken, k4, 158 (1925).
Meunier, P., Compt. Rend., 199, 1250 (1934%).

Sandell, E,B. and Perlich, R.W,, Ind, Eng. Chem,
Anal. Ede, 11, 309 (1939)-

Moeller, T., ibid, 1§, 270 end 346 (1943).

M’ H.’ Z. anal. Ch"., M’ 182 (lm)‘ &’ 165 (1%5)0

Minezewski, J., Chwastowska, J. and Dybezynski, R.,
'Separation and Pre=concentrated Methods in Inorgenic
Trece Analysis', 97, (Ellis Horwood/John Wiley, 1982).
tht!ordn.r, JeDo (MQ)

'Trace Analysis', 1976, P« 70 (John Wiley & Sons).

Tolq, GO’ Pure and Appl. Chﬁlo, ﬁ(ld)' 1989-2006 (1983)‘

Mizuike, A,, 'Enrichment Techniques for Inorganic
Trace Analysis', Sprincer-Verlag (1983).

VOIM‘.. A.B.’ SprCM, B Y.o'.M uw’ Yu.A.,
Talanta, 31(6), W9=58

Brooks, Re.R. and Presley, B.,J., Talanta, lk, 809 (1967).

Central Board for the Prevention of Water Pollution,

Determination of Trace Elements in Sea-VWater Py Ans
after Two=stage Extraction with APDC/MIBK/HNO

’
New Delhi (1984). .

Schill, G. and westerlund, D,, Chem. Deriv. Anal. Chem,.,
2y 43 (1982)‘ Chem. 2bstr, 922, 229171g (1982).

Hanroit, M., Bull, Soc. Chim. Fr. Zy 17N (1892).

Sandell, E.,B, and Onishi, H., 'Photometric Determination
of Traces of Metals', 702, John Wiley (1978).



16

17

18.
19.

2.

22

23

25.

26.

27+

28.

216

SCh\llI' WeW, and Navrat.ll, JoD.’ Rec. Dev. Sep. Sci.,
75 3172 (1981)3 Chem. Abstr. 97, 65503p (1982).

Sekine, T, and Hasegawa, Y., 'Solvent Extraction
Chemistry', 464 (Marcel Dekker, 1977).

Takeda, Y., Top. Curr. Chem. 121 (193’)'

Laskorin, B.N, and Yakshin, V.V., Zh. Vses. Khim.
o=va.im. D.I. Mendeleeva, 30(5), 579 (1985).
Chem. Abstr. 102, 201656n (1985).

Warshawsky, A. in 'Ion Exchange and Solvent Extract!'
Ed, Marinsky, J.A. and Marcus, Y., 8, 229,581 (198l1),
Marcel Dekker Inc.

Yamada, H., Bunseki, 1981(8) 5813
Chem. Abstr. 99, 139471 (1981).

Yagodin, G.A. and Ivakhno, S. Yu,
Tre. Inst. -Mosk, Khim - Tekhnol. Inst. im
D.I. Mendeleeva, 125, 3-22 (1982).

. Chem. 2bstr. ﬂ, P20C168a (19&)'

Taguchi, S., Ito-Oka, E., Masuyama, K.,
Kasashara, I. and Goto, K., Talanta, 32(5), 391 (1985).

Twi’ S., Y.‘., To‘ m‘ld.’ Y. and Ooto, Ko’
Talanta, 30(3)) 169 (1983).

Clegg, J.W. and Foley, D,D., Eds,
'Uranium Ore Processing', 1958, 237-272
(Addison-Wesley).

Baily, P.A., Conf. Ser - Australas. Inst. Mining
Metall., 13, 183-91 (1984)j Chem. Abstr. 102, 65302n (1985).

Loy, T.C. and Baird, M.H.I., in Kirk-Othmer,
'Encyclopaedia of Chemical Technology' Third Edn.
Vol. 9’ Pe 672 (JOhn 'il‘y' 19&)0

Whewell, R.J. and Hanson, C. in 'Ion Exchange and
Solvent Extraction', Ed. Marinsky, J.A. and Marcus, Y., Vol.8,



30.

3.

32.

33

34e

35.

36+

37

38.

39

217

Morrison, G.H. and Freiser, H.,
Solvent Extraction in Analytical Chemistry, 1957,
(John-Wiley and Sons, New York).

'Solvent Extraction Chemistry', 1967,
(Amsterdams: North~Holland Publishing Co.)

Stary, J., 'The Solvent Extraction of Metal Chelates',
196%, (Pergamon Press, Oxford).

Kertes, A.S. and Marcus, Y., Eds,

'Solvent Extraction Research', Proceedings of the
International Conference cn Solvent Extraction Chemistry
held in Jerusalem, Israel, 1068 (Wiley~Interscience,
New York).

Gregory, J.G., Evans, B, and Weston, D.C.,
Eds. 'Proceedings of the International Solvent
Extraction Conference'y 1971, Vols. I and II,
(Society of Chemical Industry, London),.

Hanson, C,, (Ed4,), 'Recent Advances in Liquid-Liquid
Extractions', 1971 (Pergamon Press, Oxford).

Marcus, Y. and Kertes, A.S., (Eds), 'Ion Exchance
and Solvent Extraction of Metal Complexes', 1069
(Wiley~Interscience, New York).

Alders, L,, 'Liquid-Liquid Extraction', 1955,
(Elsevier, Amsterdam).

Marinsky, J.A. and Mercus, Y., 'Ion Exchange and
Solvent Extraction', Vol. 6, 1974 and Vol.3, 1973
(Marcel Dekker Inc., New York).

Moore, Fe.l., 'Liquid-iiquid Extraction', with
Highemolecular weight amines (1960), National Academy
of Science, National Research Council, Nuclear Science
series = U,S. Atomic Energy Commission.

Jeffereys, G« Ed, 'Proceedings of the International
Solvent Extraction Conference', 1974 (Soc. Chem. Ind,
london).



hle

R

L8

4W9.

50+

52.

53

218

m' A.x., mopk‘r' s.“. .M Chll.l.tl, ROAC’
Solvent Extraction of Metals, 1970 (Van Nostrand
Reinhold, London).

Kolthoff, I.M. and Elving, P.J., Eds,
Treatise on Analytical Chemistry', Part I, Vol.III,
Chapter 31, 1961 (Interscience, New York).

McKay, HeA«Csy Healy, TeVe, Jinkins, I.L. and
Naylor, A., 'Solvent Extraction Chemistry of Metals',
1965, (MacMillan, London).

Trevbel, R.E,, 'LiquideLiquid Extraction', 1963,
2nd Edn., (McCGraw~-Hill, New York).

Iﬂiw, “o"ouoﬂo’ Treatise Anal. Chem. (w Edn,.)
Ed, Elving, PuJ., 1(5), 505-83 (1982).(John Wiley).

Zolotrov, Yu. A., Bodnya, V.A., Zagruziro, A.N.,
CRC Crit., Rev. Anal. Chem., 14(23), 93=17% (1982).

Weatherley, L.,R,, Inst. Chem. Eng. Symp. Ser.
88 (Extr. '84) 357-65 (198+)3 Chem. Abstr. 103,
222589n (1985).

Inoue, K, and Nakashio, F., Kagaku Kagaku,
46(3), 164=71 (1982)3 Chem. Abstr. 96, 201712q (1982).

’htt’ D.B., Proc. sm. 3°1v.nt Extr. 19&3’ Pe lm
(Shizuoka University).

Nishimura, S., Kogve Reametaru, 83, 52 (1984)}
Chem. Abstr. m’ 11“53“ (19&)'

Szymannouski, J., Rudy Met Niezelaz.
29(4)y 159 (1984)3 Chem. Abstr. 101, 137995b (1984).

umy, GeMey Sep. Seci. T.Chmlo’ i8 (1‘0‘15)
1617 (1983).

Sgymannouski, J., Cox, M,, Hirons, C.C.,
J. Chem. Technol. Biotechnol., 33(5). 218 (1984).

Sato, T., Maeda, T., Mizuno, Y. and Nakamura, T.,
'Solvent Extraction and Ion Exchange', 2(6), 755 (1984).



219

5'00 mm. No, Slitoh, Ko, and Imra, Hey
Bunseki, 1983(7) 5083
Chem. Abstr. 29, 128972e (1983)'

55+ Sekine, T. and Hasegawa, Y., Yuki Gosei Kagaku
Kyokaishi, 41(7), 633 (1983)3
Chem. Abstr. n’ lw“ ‘1983)0

56+ Akaiwa, H, and Kawamoto, H., Rev, Anal. Chem,
£(1), 65-86 (1982).

570 mll’ KeP. and Kotz, JOCQ’ Inorge. Chem, 51‘0
(W.By Saunders & Co., Philadelphia, 1977).

58« Cotton, F.A, and Wilkinson, G., 'Advanced Inorganic
Chemistry', 528 (Interscience, MNew York, 3rd edn.,
1972).

59« Martell, A.E,, E4, 'Coordination Chemistry', Van
Nostrand, 1971.

60. Jones, M.M. 'Elementary Coordination Chemistry'
Prentice Hall Inc., 1964«

61- h.m, R.G.‘ J. 2mer, Chem. 8“0’ &g 3533 (1963).

62. Idem, 'Hard and Scoft Acids and Bases!
(Dowden, Hutchinson and Ross, Stroudsberqg, Pa, 1973).

630 w.ldt, Eo’ Chem. Ind., i, 181 (1976)0

6%+ Zolotov, Yu. A. and Alimarin, I.P., Radiokhimiya,
Y, 272 (1962).

65« Alimarin, I.P, and Zolotov, Yu. A., Talanta,
2, 891 (1962).
66 Wtﬂ..n. DQ’ Sven. Kem Tldlkro, ﬁa, 212 (1956)'

67 Ref, 17’ Pe 200

68+ Irving, H., 'Solvent Extraction Chemistry'
Proc. of the Int. Conf. on Solvent Extraction Chem.,
Goteborg, 1966, pe 91 (Ed. D, Dyrssen, J.~0.
Liljenzin and J, Rydberq), North Holland, Amsterdam,
1967+



69

70e

72
73

75
76+

78

83

Bee

220

Healy, T.V., 'Solvent Extraction Research',
Proc. of the 5th Int. Conf. on Sol. Extr, Chem.,
J.mﬂl." 1968’ Pe 257 (Ede A.S, Kertes and
Y m’ '11.70 Hew York, 1%9)0

Refs 6y P 135+

Dyrssen, D, and Johansson, E., Svensk. Kem, Tidskr.
62y 311 (1955).

Bhetki, K.S., Telante, 32 (82), 833 (1985).
Ry@.tq, Je Arke, Kemi. a’ 113 (1955)’

Healy, TeV.y J. Inorg. Nucl. Chem. 19, 314 and 328
(1961).

m‘.‘t. H., Acce Chem. Res. 12(")’ 136 (198’)0
m’ Ouim. Anal, (Barcelona) a. 35 (1983)0
Ref. 6, Do 130.

Kawamoto, H. and Akaiwa, H., Chem. lett, No.3,
259 (1973).

Ref. Gy Pe 1’0’
Ref. 6y P+ 153

Bagreev, V.V., Fopendopulo, Yu. I., Zolotov, Yu. A.,
Zh. Anal. him. 32(8), 13“9 (193‘-)‘ Chem, Abstr,.
201, 221406t (1984).

Row, F.M., Bannister, S.,i., Sethi, R.R, and
mm’ R.C.' Je Soc, Chem. m.’ m, LEOT and le?d‘
(1930).

Reymond, C.F., Mckeever, C.H,, Norman, R. and
Orny, HoWoy J. Amer. Chem, Soce, ﬁ' 1028-9 (1943).

A.I, Vogel "Elementary Practical Organic Chemistry"
(Longmans, Green and Co,., London, 1958) D411 and 419,



85e

9l.

93.

93¢

100«

101,
102.

Q]
| QW)
[

Nq. Ph. Buu. Hoi and Denise Wit,
Je Cheme Soce, 18=20 (1955)«

Jatkar, S KK, and Mattoo, B,¥,, J, Ind, Chen, SoC e,
30, 592 (1958).

Endo, JuJ. and Mashima, M., J. Chem. Soc. Japan

Pure Chem. Sect., u' 3“ (1953).

Kmal, PV, and Datar, MGey, T« Prakt. Chem,
19(1), 1 (1973).

Patel, C.B. an? Patel, R.P., Ind., J. Chem,.
11(8), 838 (1975).

Maggio, F. and Pizzeno, T., Inorg. Nucl. Chem., lLett,,
1 (85), 142 (1978).

Yampoliskaya, M.Ae, Zh. Neorg. Khim.
24(3), 828 (1979)3 Chem. Abstr. 20, 196925f (1979).

Rasmussen, R.5., Tunnicliff, D.D., Brattain, R.R.,
J. M. Cm. sw.’ n’ 1068 (1“9).

Moyer Hunsberger, I., ibid, 22, 5626 (1950).

lhitoa, Le and Gclmn’ JQA.,
Analyt. Chim. Acta, 20, W72 (1963)3 30, 28 (1964).

Butler, J.Ne., Js Chems, Ed., 40, 66 (1963)+

Zuman, P., 'Organic Polarographic Analysis'
Pe 1203 Pergamon Press (1964).

mrj“’ A.K.’ Zeit., Anal. Chen., M’ 321 (1955).

3phrdn, ’o’ Z, Analyt. Cm.’ m’ pL (1931)‘
21, 369 (1933).

Flagg, J.H. and Furmen, N.H., Industr. Engg. Chem.,
Anal. Edn., 132, 529 end 633 (1940).

ml, IQ' Amlo Chim. ma’ n, 2] (1%8).

xﬂiw, He and Willim, RJ.P., J. Chem, sxo’
18 (1949).



103«

104,

105
106+
107«
108.
109.
110.

111.

112.
113.

1lke

115.
116

117.

118.

222

W, P.BOSO -ld m' S.B-’ Curr. Sci.
52(3), 8 (1978).

uiml’ HQJO’ Pt..m, JCS.’ R.lld.n, J.A.,
Hydrometallurgy, 14(1), 83 (1985).

Reddy, T.S. and Rao, S.B., Talenta, 26, 968 (1979).
Poddar, S.N., Z. Anal, Chem., 19%, 25% (1967).
idem. Anal. Chim. Acta, 28, 586 (1963).

idem, Ind, J. Chem. I(11) 496 (1963).

idem, Ind, J, Appl. Chem., 27(2), 67 (1964).

Inczedy, J., 'Analytical Applications of Complex
Equilibria, p. 327 (John Wiley & Sons, 1976) .

Ringbom, A., 'Complexation in Analytical Chemistry'
Pe 324 (Interscience, 1963).

Idem, ibid p. 327.

Martell, A. and Sillen, L.G.
'Stability Constants of Metal-Ion Complexes',
Pe 412 (The Chemical ‘OC‘“Y' ‘-omn’ 1964%) «

Rossotti, F.J.C. in 'Modern Coordination Chemistry!',
Pe 52 (Lewis, J. and Wilkins, R.G., Eds,,
Immiom. 1960)«

Refe 6y Pe 136+

Gadsen, Je.As, 'Infrared Spectra of Minerals and
Related Inorganic Compounds', p. 55
(Butterworth, London, 1975).

Nakamoto, K., 'Infrared Spectra of Inorqganic &
Coordination Compounds', p. 82 (Wiley Interscience,
1963) .

Friese, H.J. and Umland, F.,
Zieit, 2nal. Chem. 287, 298 (1977).



119.

120.

121.

122.
123.

223

Kabadi, M.E. and Venkatachalam, K.A.,
Curr. Sci. No. 9’ 337 (1”8)'

Burger, K. and Egyed, I., J. Inorg. Nucl. Chem.,
27, 2361 (1965).

Bhatki, K.S., Rane, A.T, and Kabadi, M.E.
Proc. Symposium Chem. Coord. Compds. Agra (India),
Pt III, p. 78 (1959).

Inqle, D.D.’ Je Ind, Chem. suo, m(&)’ 103 (1973)'

I“inq’ HeM, and Ro.”tt.’., N.s., Je Chem. SOC.’
290% (195%).






[QS)

o

This thesis describes the results of investigations
carried out on the solvent extraction of the chelates of
some transition metals with the oximes of substituted
o=hydroxyacetophenone. Previous work reported in the
literature relates to the analytical uses of salicylaldoxime
and o~hydroxyacetophenone oxime. The present work deals
not only with the analytical uses of substituted
o~hydroxyacetophenone oximes, but also with the compositions
and stabilities of the concerned chelates.

Chapter I is a general introduction which briefly
hichlights the importance of solvent extraction in the
field of analytical and industrial chemistry and the
salient points of the relevant theory, with a critical
review of the literature.

Chapter II describes the present studies on the
solvent extraction of some trensition metal chelates
(particularly those of copper, nickel, iron and cobalt)
using 2,4=dimethyl é~hydroxyacetophenone, 3,5-dibromo=-
2yh=dimethyl-6=hydroxyacetophenone and the two respective
oximes. The ketones were studied because of reports in
the literature sbout the metal chelates of similar
o=hydroxyaryl ketones. 2,h-Dimethyl-g-hydroxyacetophenone
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(termed reagent I or ligand I) 4id not prove to be a

good extraction reagent, except for copper(II) for which

it had to be used at a pH of 8.5 = 9.0 along with added
aniline., Ammonia or diethylamine also gave this type of
synergic extraction, but these extracts gave high

sbsorbance velues for the blank. 3,5<Dibromo=2,4=dimethyl-6=
hydroxyacetophenone (reagent III or licand III) showed a
behaviour similar to that of reagent I, a fair degree of
extraction being possible with the addition of ammonia.

It was clear that both ligand I and ligand III formed

rather weak chelates with metals. But the synergic effect

of diethylamine - particularly in extractionswith reagent I~
suggested the use of the amine along with the oximes of
reagents I end III, which are termed reagents II and IV
respectively in this thesis.

Reagent II (or ligand II) formed extractable
complexes with a number of metals. The molar sbsorptivities
of the extracts of copper(II) and nickel(II) were
substantially higher than those of unsubstituted
o=hydroxyascetophenone oxime. The extracts in chloroform
obeyed Beer's law. Copper(Il) could be determined by
extraction-photometry in the presence of iron(III) and
nickel(II) by using tartrate as a masking agent. Oxalate
was ineffective in masking nickel(II) in presence of
copper(II) and thiosulphate was ineffective in masking
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copper(II). Reagent II could, however, be used for the
simultaneous extraction=-photometry of copper(II) and
nickel(II). Wwhen iron(III) wes present, it was necessary
to use hydroxylamine to reduce the iron to iron(IT)
Chromium(III) by itself was not extracted by reacent IIj
but it had the peculier ability to suppress the extractions
of copper, nickel and iron. The synergic effect of
diethylamine (or aniline) first noted when using

ligand I, was used to advantage in the separation of
copper(II) from chromium(III) and cobalt(II). The
optical properties of the extracts of the metals with

the reagent II-diethylamine combination were studied.

The addition of diethylemine led to higher molar
absorptivities and better extractions. The behaviour

of ligand-IV was generally similar to that of ligand-II.
One important difference was that the copper(II) chelate
of ligand~IV could not be satisfactorily extracted unless
diethylamine or aniline were added. This made it possible
to separate nickel(II) from copper(II) by extraction with
ligand IV (without diethylamine) after adding thiosulphate
as a masking agent. On the other hand, copper(II) could
be separated from chromium(III) by using ligand-IV aleng
with diethylamine.

Chapter II also describes the work on the
compositions and stabilities of the chelates of the metals
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with ligends II and IV. The stoichiometries were 112
(metaliligand) 4n all cases, as deduced from the slopes

of the log D vs pH plots. The solid complexes of copper(IIl)
and nickel(II) were analyzed and shown to be 1:3 complexes.
In order to explain the 112 stoichiometry of the iron(III)
complex, the behaviour of the complexes of copper, nickel,
cobalt and iron in silica gel column chromatography was

stul {ed.

The potentiometric titration studies in 757 agqueous
dioxan of the complexes of copper(II), nickel(II) and
cobalt(II) with ligands II and IV and also with o~hydroxy-
acetophenone oxime (for comparison) are next civen., From
these studies, the stebility constents of the concerned
complexes were determined. Chapter II also ocutlines a
polarographic procedure for determining the partition
coefficient of reagent~II. The distribution coefficient
of the copper(lil)~ ligand II complex was determined by
a simple extraction procedure.

Chapter III is a short chapter giving some examples
of the practical application of reagent II in the analysis
of actual samples including semples certified by NBS (USA)
and ¥ML (Indle).

Chapter IV gives a discussion of the experimental
results obtained in Chapters II and III. Particular



228

attention is paid toaducuuion of the synergic effect
of diethylamin2, the composition of the complexes (in
particular of the iron(III) complex), the relative
stability constants, the suppressive effect of
chromium(III) and the effect of common masking agents
on the extractions.
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