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ABSTRACT

INVESTIGATICN OF ILON-N-PHENYLCINNAMOHYDROX.LMIC ACID
GYSTEMS AND THEIR aNALYTICLL POTENTIALITIES
by

iberra Fura

Re udvisor Dr. B.S. Chandravanshi

This work includes the study of the reactions of
H-phenyleinnamohydroxamic acid(PCHA) with both bivalent
and trivalent iron. The first part of the work deals
with the complex equilibria of iron(III)-PCH4 system in
a mixed aqueous-organic solvent, and the second part
deals vith the development of a new method for the de-

termination of iron(II) with PCHa.

N-phenyleinnamohydroxamic acid (PCHaly a bidentate
chelating agent was found to react with iron(III) to
form complex species of different colour depending
upon the reaction environment. The reaction conditions
for the formation of the complex species werc studied in
aqueous-alcoholic medium. 4« mixed solvent of 7% (v/v)
ethanol by composition has been found to be a suitable
nedium for the study of homogenous equilibria of the coe-
xisting complex species. The genernl spectral properties

of the species were investigated. The absorption curves



were found to have two isosbestic points. The number and
conmposition of the complexes were determined and found to
have composition 1:1, 1:2, 1:3 (Fe:PCHi). The wavelengths
of the maximum absorbances were 535, 495, and 445 nm for
the I, IIy and III complex species, respectively. It was
verified that the Beer-lanmbert Law holds for these complexes
at all wavelengths, and for the mixtures at the wavelen-
gths of the isosbestic points in a wide pH ranges The
existence of two isosbestic points which are équal in
number to those of the complexes, except one, made iron-
(III)-FCHA systcem amenable to the Varielle method for the
determination of stepwise stability constants. These
constants have been found to be log K; = 11.547, log

Ky = 10.106 and log K3 = 7.438 for the I, II, and III
stepwise stability constante, respectively. The distri-
bution diagrams (nomograms) of the complex species &8s a
function of pH were constructed for some concentrations

of the metal ion and verious concentration ratios of the
ligand to metal ion. By using the nomogram, exginction
coefficients of the three consecutive complexes have

also been determined.

PCHA wes also found to react with iron(II) to pro-
duce an orange colored, extractable glectroncutral comp-
lex having a composition of 1:3 (Fe:PCHa). The complex
is stable and quentitatively extracted into toluene from

aqueous solution having a pH range of 4.5 to 9.0 allowing
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reproducible and reliable spectrophotometric determi-

nation of iron. The complex has maximum absorption at

1 bk i

448 nm and & molar absorptivity of 8.4 x 107 1 mol ten™t.
Beer's law is obeyed in the range of 1.00 to 9.00 ppm of
iron(II)e The overall cqnditional stability constant

of the complex has been also determined. From the study
of the effect of several variables, it was found that
the method is leargely free from rigid control of expe-
rimnental varisbles. The effect of foreign iongon the
method has also been studied and the method was found

to be fairly selective. The method was found to be
effective by applying it for the determination of iron
in blood and stecl samples. Thus a new rapid, precise,
sensitive, and sclective method for the determination

of Fe(II) with N-phenylcinnamohydroxamic acid is deve-

loped.



. INTRODUCTIUN

The application of organic reegents in analytical
chemistry for the detection, separation and determination
of trace quantities of nearly all common and most rawe
elements in a large variety of natural materials and in-
dustrial products is becoming increasingly important
(1-7). Organic reagents react with inorgenic ions in
solution to yield products of various properties which
can exhibit a change in color, luminescence, solubility
and volatility. These properties led to the development
of various methods that are sensitive, selective and ra-

pid for the snalysis of a variety of naterials.

One of the powerful organic reagents that have been
employed for the analysis of metal ions in recent years
is N-phenylcinnamohydroxumic acid(PCHA), which forms

the basis of the present investigation.

N-phenylcinnamohydroxamic acid(I) contains an acid
group with a replaceable hydrogen atom and a basic co-
ordinating donor group(II) in such a position so as to

form five-membered chelate complexes on reaction with

metal ionse.

CEH--N-OH -N-OH
'

06550H=CH-C'0 =C=0

(1) (II)



PCHA is s highly sensitive and selective spectro-
photometric reagent for metals because of the presence
of double bond in conjugation with carbenyl group in
the molecule. It absorbs very weakly in the region
where its colorimetric renction product with several
metal ions exhibit characteristic intense absorption
band. Thus spectrophotometric method can particularly
be used to advantage for studying complexation equili-
bria, and for the determination of the metal ions with

which it forms complexes.

PCHA is a very weak acid and its dissociation con-
stant is l.6 x 10"9 (8)e It is a crystalline solid and
pale green by colour snd has a melting point of 159-
160°C. It is stable towards air, light and heat and
can be stored for a long time without deterioration.

It is stable towards the action of dilute alkalies and
concentrated hydrochlorie acid but decopposes in con-
centrated sulfuric acid and nitric acid (> 5 N) (9).
It is therefore found to be a suitable extraction re-
agent for use in acidic solution. Thus some metal
ions such as vanadium(V) (10), ziroonium(IV) (11),
niobium(V) and titenium(IV) (12) can be extracted into
chloroform from hydrochloric acid solution greater
than 2M, and thus be separated from others which need
more dilute acidic condition for extraction. It is

slightly soluble in water but soluble in common organic



solvents. Its solution in common organic solvents can
be stored for a2 long time without deterioration and this

quality is very important from an analytical stand point.

N-phenylcinnamohydroxamic acid was first synthesized
and used as analytical reagent for the gravimetric deter-
mination of niobium and tantalum in 1960 (13). Its
analytical applicetions was further extended for the
extraction and photometric determination of vanadium(V)
(10)y zirconium(IV) and hafnium(IV) (11), titanium(IV)
and niobium(V) (12), and for the successive extraction
and spectrophotometric determination of iron(III), vana-
dium(V), ond uranium(vI) (14). It was also used for the
gravimetric determination of niobium and tantalum (15),
uranium (16), and zircoaium (17). kecent reports show
that PCHA has been used for the extraction and spectro-
photometric determination of vanadium(V) as a mixed 1i-
gand complex with thiocyanate (18) and P-chlorophenol
(19), for the successive extraction and spectrophoto-
metric determination of iron(III) and vanadium(V) (20)
and simultaneous determination of iron(III) and vana-
dium(V) by solvent extraction and spectrophotometric

methods (21).

The foregoing discussion revesls that PCHA has been
used as a reagent for the extraction and spectrophoto-
netric determination of iron(III). However, no attempt

has been made to study its complexation equilibria with



tervalent iron and its reaction with bivalent irone.
Hence, the detailed studies of PCHA-iron system and
their analytical potentialities have been the task of

the present investigation.

Iron is the most abundant metal in nature, apart
from aluminum (22-24). It is very seldom found as the
free metal,y but metallici iron occurs with nickel and
cobalt in some type of meteorite, and in very finely
distributed form in some basalt. Its most importaﬁt
ores and minerals are haematite (Feeoa), magnetite
(Fe504), goethite (FeOOH), limonite (hydrated iron
oxide), siderite (FeCO3) and pyrites (Fesa). Mixed
oxides, silicates and aluminates with a number of
metals are also encountered. Natural waters sometimes
contain considerable amount of iron. Iron can also be
found in s number of natural substances, plants, and
animals including, human organs. Iron was the first
trace or minor element recognized as being necessary
for both plants and animals. Manufactured iron always
contains carbide, phosphide, silicide, manganese and
graphite or amorphous carbon. Samples to be analyzed
often contain iron as its sulphates, chlorides, and
double or complex salts. The ferrous alloys (e.g ferro-
chrome, ferrosilicon, ferromanganese, etc.) are also fre-

quently encountered.

The oxidation state encountered in compounds of



iron range from O to +6; however, the most common compo-
unds are those of Fe(II) ana Fe(III). In complex compo-
unds iron(II) may be tetra-coordinate (6.g., FeCli’ with
a tetrahedral configuration), though more often it has
coordination number 8ix, esg., in the octahedral comp-
lexes Fe(H,0)2%, Fe(CI)g s Fe(phen)§+, and sometimes
even eight (oxyhaemoglobin, carbonyl haemoglobin)e The
couplexes of iron(III) are also more often octahedral,
as exemplified by Fe(acac)y, Fe(CN)Z™, Pe(H,0)Z*, end
FeCl,(H,0)7 ; the tetrahedral couplex FeCl; exists in
the medium of concentrated hydrochloric acid (25426)
The coordination number of iron(III) in the complex

Fe(EDTA) (HQO)- is geven (27).

A number of orgunic reagents are recoumended for
the detection, separation, and determination of irom.
Some of the common organic reagents that are used parti-
cularly for spectrophotometric determination of iron
are ammonium thiocyanate (28), 2,2'-bipyridyl (29),
cupeferron (4), 4,7-diphenyl-1,10-phenanthroline (30),
4,7-diphenyl-1,10-phenanthroline disulphonic acid di-
sodium sals (31), S-methoxy-2-nitrosophenol (4), 1,10-
phenanthroline (32), 2,4,6-tri-2-pyridyl-s-triazine
(4), 2-(2-pyridyl)-imidazoline (33), acetylacetone (34),
isonitrosodimethyldihydroresorcinol (35), 4-hydroxybi-

phenyl-3-carboxylic acid (36), etc.

Of these rcagents comparatively few are well

suited for determination of traces of iror. There-



fore, from thu point of viaw of its IEportonce abun=
dance and occurence, the dovelopment of new method
for the detersination of iron neods no communte



2. EZFERIMENTAL

2.1 Synthesis of N-Phenylcinnamohydroxamic scid (PCHA)

PCHA was prepared by following the method used by
Priyadarshini and Tandon (37). This involves the con-
densation of N-phenylhydroxylamine with cinnamoylchloride
at low temperature in diethylether medium made alkaline

with an aqueous suspension of sodium bicarbonate.

1
H
+
c1 EEher__, ¢ H.-N-OH
sl B 675« " 4 HCL
e 06H5-GH=GH—C=O

The two reactants, 1l.€e, cinnamoylchloride and N-phenyl-
hydroxylamine were first prepared to carry out the

synthesise

Preparation of cinnamoylchloride: This was prepared by

refluxing cinnamic acid with excess thionylchloridee

H,-CH=CH-COOH + S0CL, reflux CgHy~CH=CH-COCL +

CeHs E
1007C HCL + SO,

6

Cinnamic acid (14.8 g, 0.1 mol) and thionychloride
(12 ml, Oe15 mol) were mixed in & 100-ml round bottom

flask and refluxed over boiling water bath for about two



hours. The excess thionylchloride was driven off from
the clear solution of cinnamoylchloride by fractional
distillation under reduced pressure. The yield of acid

chloride was about 90%.

Preparation of N-phenylhydroxylamine: The preparation

was don¢ by the reduction of nitrobenzene with zinc
dust and ammonium chloride in aqueous solution at
60-65°C,
Zn/HH4Gl
06H5N02 - > C6H5NHOH
60-65"C

Commercial zinc powder is usually about 90 percent
pure and requires acid treatment to remove surface oxide
which reduces its activity. 2Zinc was activated therefore,
by stirring 40 g of powder with 15 ml of 10 percent hydro-
chloric acid for 2 minutes. It was then filtered and

washed with 30 ml of water followed by 10 ml of acctones

To prepare N-rhenylhydroxylamine 12.5 g of ammcnium
chloride, 400 ml of water and 25 g (20:8 ml, 0.205 mol)
of nitrobenzene were placed in a 2-litre beaker, equipped
with a thermometer and mechanical stirrer. The mixture
was stirred vigorously and 29.5 g (0.415 mol) of zinc
powder of high purity was added during about 15 minutes.
The rate of addition was such that the temperature rapi-

dly rises to 60-65°C and remains in this range until all
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the zinc has been added. The stirring was continued

for further 15 minutes, by which time the reduction was
complete as was shown by the Tact that the temperature
commenced to fall. The warm reaction mixture was
filtered by suction to remove the zinc oxide, and washed
with 50 ml of hot water. The filtrate was placed in a
conical flask, saturated with common salt (about 150 g)
and cooled in an ice bath for about one hour to ensure
maximum crystallization of the product. The pale yellow
crystals of phenylhydroxylamine were filtered with
suction. It wae then recrystallized from benzene and
petroleum cthere The substance deteriorates upon storage
and was therefore used immediately for the synthesis of

N-phenylecinnamohydroxamic acid.

Preparation of li~phenylcinnamohydroxemic acid: 4 fre-

shly crystallized N-phénylhydroxylamine (10.9 gy 0.1 mol)
was dissolved in 100 ml of diethylether and transferred
to a 500-ml conical flask. 4 fine suspension of sodium-
bicarbonate (126 gy 0.15 mol) in 20 ml of water was
added to it. The flask was kept in a freczing mixture
and the contents were stirred. To this, @ solution of
cinnamoylchloride (16.65 g, 0.10 mol) in 100 ml of die-
thylether was added dropwise during the course of one
hour. Stirring was continued for an additional 15
minutes and the temperature was maintained throughout

at 0°C. The yellowish white precipitate of hydroxamic
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acid wes then scparated, from the saturated solution
of sodium bicarbonate in a mortar for about 15 minutes
o remove acidic impurities. It was then filtered .
under suction, washed with cold water and dried in air.
The solid N-phenylcinnamohydroxamic acid was then cry-
stallized from ethanol. Yield, 12 g (50%), meps 159-
160°C.

2.2 Equipment cnd Reagents

Apparatus: A beckman CHEM MATE pH meter was used for
the mezsurement of pH and a Beckman Model 24 UV-visible
spectrophotometer was used for absorbance measurementse.
The pH meter wes standardized against agueous buffers

prepared from NBS standard samplese

Standard Fe(IITI) solution: & stock solution of iron(III)

was prepared by dissolving 4.0402 g of ferric nitrate
nonahydrate (BDH, snalaR) in 100 ml of 1:5 (v/v) nitric
acid and diluted to 1.0 litre with distilled water. The
solution was standardized spectrophotometrically using
bipyridyl and PCH. (20). 4 working solution was prepared
by diluting a suitable aliquot of the standard solution

to a known volume with distilled water.

Standard Fe(II) solution: & stock solution of iron(II)

was prepared by dissolving 3.9214 g ammonium iron(II)
sulphate hexahydrate (BDH, snalak) with distilled watler,
acidified with about 30 ml concentrated hydrochloric
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acid and diluted to 1 litre with distilled watere. The
stock solution was standardized spectrophotometrically

by using bipyridyl as analytical reagent.

Llectrolyte solubtions: A 1.0 M aqueous solution of

potussium nitrate (BDH, analaR) and potassium chloride

(BDH, &nalaR) were used.

Reducing agents: 4 0.1 M agueous solution of hydro-

quinone and ascorbic acid, and a 10 percent (w/v) solu-
tion of hydroxylamine hydrochloride were used for the

reduction of iron(III) to iron(II).

Hydrochloric acid and ammonia: Dilute solutions of

hydrochloric acid (BDH, snalaR) and ammonia (bpectro-

s80l) were used for adjusting the pH of the solution.

licagent solution: 4 0.05 M solution of PCHa4 was pre-

pared in ethanole The working solutions were prepared
by diluting a suitable aliquot of the standard solution

to a known volume with ethanol.

242'-Bipyridyl sclution: 4 0.01 M solution of the re-

agent was prepared in distilled water.

Solutionsof foreign ions: They were prepared by disso-

lving known quantities of reagent grode salts in disti-
1led water to give 10 mg of the ion of interest per

millilitre of solution following the procedure of West
(38). The solutions were acidified wherever necessary

to prevent hydrolysis and to increase the solubilities



of certain saltse In general nitrate salts were used

for the cations 2nd sodium or ammonium salts were

used for the anions.

2.3 Preparation of HSample Solutions

Steel sample: A4 weighed quantity (approximately 0.l g)

of the stcel sauple was transferred into a 400-ml bea-
ker and decomposed with 10 ml concentrated nitric asid.
The mixture was heated to remove the oxides of nitrogen
and about 10-15 ml concentrated hydrochloric acid was
added to ite The solution was evaporated to almost
dryness. sbout 50 ml of distilled water was added and
the solution wae boiled. Tungsten was precipitated as
tungstic acide The undissolved silica and tungstic
acid were filtered off and weshed several times with
hot distilled watere The filtrate and washings were
collected into a 500-ml volumetric flask and diluted to

volume with distilled water. & suitable aliquot wes

taken for the analysis.

Blood sample: & 4 ml aliquot of blood sample was tran-

sferred to s Kjeldahl flask and decomposed with about

20 ml of concentrated sulfuric acid by heating over the

bunsen burner for about two hours. The heating was con-
tinued after addition of =about 20 ml of perchloric acid

until the volume of the content was reduced to about

5 ml. It was then cocled and the residue was reboiled
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with dilute hydrochloric acid for about one hour.

after cooling the residue was transferred quantitatively
to 100-ml volumetric flask and diluted to volume with
distilled watere. « suitable aliquot was taken for the

analysise

2.4 General Procedure for the Investigation of Iron(III)-

PCH4 Complex Equilibria

4 suitable aliquot of the standard iron(III) solution
(0.005 M) was transferred into a S0-ml beaker to give a
final concentration of 2 x 1072 - 4 x 107" moler solution.
FPotassium nitrete solution was added to adjust the icnic
strength of the solution to 0.1l M. The required amount
of PCH4 solution in ethanol was added and the solution
was diluted to about 20 ml with ethanol. The pH of the
solution was aljusted to the required value with dilute
hydrochloric @cid and ammonia. The solution was trans-
ferred quantitatively into a 25-ml volumetric flaske It
was then diluted to volume with ethanol and distilled
water to give 754 of ethanol in the final solution. The
absorption spectrum was recorded against ethanole The
pH of the solution was measured once again after the

absorbence measurement. The temperature was kept at

20.0%0.2°C.
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2.5 General Procedure for Extraction and Spectrophoto-

metric Determination of Fe(Il).

An aliquot = of the solution containing 25-200 ug of
iron(II) was transferred into a 50.ml beaker and 1 ml of
0.1 M hydroquinone weas added to ite 4 5 ml aliquot of
0.005 M solution of the reagent (PCHA) in ethanol was
added to the solution and the solution was diluted to
25 ml with distilled water. The pH of the solution was
adjusted to 5-8 using dilute solutions of hydrochloric
acid or ammonia. The solution was transferredquantitati-
vely into 2 100-ml separatory funnel. The clectrode of
the pH meter and the beaker were washed with about 15
ml of toluene. The washings were added to the funnel
and the mixture was shaken wigorously for two minutes.
The funnel was zllowed to stand to separate the two
phases. The or,anic phase was collected into 50-ml
beaker containing = few grams of anhydrous sodium sul-
rhateée The coloured extract was transferred to a 25-

ml volumetric flask and the beaker was washed several
times with a few ml of toluene. The wushings were
added to the flask and the solution was diluted %o

volume with toluene. The absorbance was measured at

448 nm ageinst the reagent blank.
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3, INVESTIGATION CF IRON(III)-PCHA SYSTEM IN WiTER-
ETHLNCL MEDIUM

3,1l General aspects of Complex Equilibria

The formation of metal complexes by the reaction of
a metal ion (central ion) and a reagent (ligend) can be

represented by the following general equilibrium re-

action (5-7, 39):

M + oL == M T (3.1

where M denotes the metal ion and L the ligand. The
complex-formation equilibrium is characterized by the

thermodynamic equilibrium constant.

H

mn (3.2

Bppda = p

&M&

=B

where a; denotes the activity of the ith species.
For mononuclear complexes (where m = 1) the thermo-
dynamic equilibrium constants is given by:

%y, (ML, ) fur,

n

(bn)a -
n (3Lza™ f..frn
B'MaL MfL

where fi denotes the activity coefficient of ith

speciesSe.
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To a first approximation the activity coefficient
in dilute solution depend only on the ionic strength.
It may often be possible to keep the activity coeffi-
cient of each species constant throughout a series of
neasurenents, Cefey by the use of a suitable ionic me-
diume In such ceses, the equilibrium constant may be
expressed in terus of the corresponding concentration
quotients, or stoichiometric stability constants, de-

fined by

[, ]

by = .
[MjLLi2

which holds for a given temperature, solvent compo-
sition and ionic strength of the solution. Because
the activity of a species is equal to the product of
its concentration and activity coefficient, there is

a simple relationship between the stoichiometric equi-
librium constants (involving concentrations) and the
thermodynamic equilibrium constants (involving activi-
ties) as shown by Equation, 3e3.

The different experimental methods provide info-
rmation on either concentrations or activities. In
general it can be said that clectrochemical methods
give activities, while optical methods give concentra-
tions.

Generally, it is difficult to determine accurate

(3.4
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values of thermodynamic stability constants, especially
for systems in “hich several complexes coexist. Since
it is scldom possible to measure the asctivities or con-
centrations of more than one or two of the species pre—
scnt, stoichiometric stability constants cen usually be
determined more conveniently than thermodynamic consta-
nts. The latter requires the knowledge of the activity
coefficients of all the species under consideration,

reliable values of which is often difficult to obtain.

Only seldom does a complexation reaction occur in
solution as an isolated process. BSimultaneously with
the main complex formation equilibrium, the constitue-
nts of the complex may also take part in equilibrium
reactions with other species present, including ions
produced by the solvent. The complex itself may under-
go side-reactione. For these conditions the stability
constants will be conditional stability constants and

will have the following general forms

' (ML} ]
e —
MtjLL'I®

where the concentretion terms refer to the apparent
free concentration of the species not involved in the

main reaction.

One can relate Eqe 3.4 and Eq. 3.5 by the following
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general expressions

aML:(Z)
(3.6
n
%i(x) *1(T)

P, = P,

The functicn aM(K)’ “L(Y) and aMLn(Z) are the
side-reaction cocfficients of the metal M with the
ligand X, of the ligand L with side-reaction
renctant Y and of the complex with side reaction ro-
actant 2. By usc of the overall stability constants,
péX), B(Y), péZ) of the products formed in the side-

q
reactions, the sile-reaction coefficients, are given by:

W) =1+ biX)EXJ + p§X)[x12 PR péX)[X]P - Eﬁ%l (3.7
ol

- ng)cYJq «EE) (3.6

7D LX) g
OL(x) L 4 BSTALYL # BETLTI 4 6 s

(M. )

aMLn(Z) =1 + B&Z)[Z] + béZ)[ZJE Tl uéZ)[Z]g =

The equilibrium given in Eq. 3.1 may not be atta-
ined direetly, since the reaction between M and L may
occur by stepwise formation of consecutive complexes
ML = MLy The contribution of a particular complex
depende on the concentration of the free ligand and

on the stepwise stability constants:
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' [K]LL]
i e (ML)
ML + L Sy ML,; Ky = ——— (3.11)
21 72 -
| (ML]LL]
' (ML, )
ML, , + L =3 ML, ; K < e (3+12)
[MLn_lj[LJ
The stepwise stability constants are related to
the overall stability constants by the following expre-
58i0ne
n=N
bn = Kl . KE .o % = Wl Kn (5'15)
n=

In general, the value of the first gtability con-
stant is the lurgest and the values of the successive
stability constents decreasegy le€e Kl > Ka > K3 > e Kn'
However, there are exceptions O this generalization.

It may also happen that one or more intermediate species
practically do not exiet, their stability constants be-
ing too smell to be determined. The fact that a stabi-
lity constant Bn has been found to be appreciably greater
than zero is perhaps one of the most convincing pieces of

evidence for the existence of the complex ML, in solutione.

For a system of stepwise complexes of the type MLn
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| the mole fraction (Xn) of the nth complex species in the
solutiony which gives the fraction of the total metal

ion CM is given by:

. (ML ] N [z ] y En[L]n
| F g (MJ+[MLI+ (ML, J+e o+ (ML ] 1+ ?E? 5, (L)%
n=1

Thusy if all the stability constants for a given
system have been determined, it is possible, in prin-
ciple, to calculate the equilibrium concentration or
activity of each of the species present under a known
set of experimental conditions. ©OSuch knowledge provide
fundamental information necessary for theoretical con-
sideration of thc efficiency of an analytical separa-

tion or determination based on formation of complexese.

The methods available for determining stability
constants are mainly based on the preparation of a
series of solutions containing known amounts of the
complex-forming components, in which the concentration
of one componeni is gradually varied and the concen-
tration of one of the reactants or products is followed
directly or indirectly by a suitable analytical method.
The most suitable analytical methods are those which
do not distrub the equilibria existing in solution and
by which low concentrations can be selectively determi-

ned with high accuracy.

(3.14)
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Some of the most generally used methods are poten-
tiometric (5,6,59-43), spectrophotometric (5,6,39,44=51)
and polarographic methods (5,6439,52-56).

In the present investigation stepwise stability
constants of Fe(III)-PCHA system were determined in
partially non-aqueous solvent by spectrophotometric
methode The spectrophotometric investigation also in-
cludes the study of the nature and reaction coondition
of the complex formation processes and determination of

the number of the successively formed complex species

in 75% (v/v) ethanol.

3«2 Results and Discussions

3+2¢1 Ilteaction Condition

It was observed that only in a high percentage of
e¢thanol in water, would the homogenous equilibria in
solution be established between the successive comple-
xes of Fe(III)-PCHi. At lower percentage of alcohol or
pure aqueous media, the complex with paximum coordin-
ation number and the reagent precipitate out. It was
also observed that thére is & limit as to the highest
percentage of ethenol one can use, if an electrolyte
is to be added to keep the ionic strength constant.
This is because most salts are insoluble in pure etha-
nol or in a solution with high percentage of ethanol.

It was found that the total concentration of
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iron(III), Cpet in the solution can be increased upto
2.4 x 107% M with the upper limit of other variables,
beyond which the precipitation of the highest complex

and hydrolysis of the metal ion occur.

The upper limit of the total concentration of the
ligand, CL’ thet can be used depends upon the tetal
concentration of the metal in the solution and extent
of solubility of the reagent itself in 757 (v/v) ethanol.
A concentration as high as 448°X 10™2 M can be used, be-
yond which the precipitation of the highest complex and

the reagent take rlacee

Finally, the range of pH at which the consecutive
complex species coexist depends upon the total concen-
tration of irony ligand and the ratio of the ligand

concentration to that of the metal ion.

3,2.,2 pH-Meter Measurenents in 75% (v/v) Ethanol

The glass clectrode has been found to respond re-
versibly to changes in hydrogen jon activity, in agree-
ment with the Nernst eguation in ethanol-water mixtures
containing lese than 90 percent (w/w) of ethanol (57-59).
However, the measurement of hydrogen ion activity by
means of a pH-meter which has been standardized using an
aqueous buffer is restricted to the agueous solution,
rietion in the composition of the solvent

since any va

causes large chenges in the junction potentiale There-
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fore the pH-meter readings in the agueous solution and
partially aqueous sclution are not the same. Fortuna-
tely, it has been possible to bring these scales to the
same common denominatory i.e., to express them guantita-

tively on a single aqueous scale.

One guch approach is introduced by Van Uitert and
Haas (42,60461)e They measured the 'pH' in dioxan-
water mixture with the glass clectrode, assuming that
the scale-rending is strictly proportional to the pH
determined with the hydrogen electrode and established
an empirical relationship between the scale reading

(B) and the pH, as given by the following equation:

pH = B - log Uy (3.15)
UH is a conversion factor for obtaining the hydro-

gen ion concentration from the meter reading B and was
found to be in general a function of the percentage of
the dioxan and ionic strength of the solution. This
same equation was slso found to be valid for ethanol

(62).

In the present investigation an empirical calibra-
tion by means of which the pH-meter reading B could be
converted to hydrogen ion concentration was made as
follows. Readings were made on a series of solutions
containing hydrochloric acid and 0.1 M potassium ni-

trate in 75% (v/v) ethanol. From & known stoichiome-



tric hydrogen ion concentration [#*1, the value of
log UH was calculated to be 0.51 * 0.05. However, it
is to be noted thet the hydrogen ion concentration
obtained from measurement with a glass electrode using
this procedure from Eq. 3%.15 is the stoichiometric
concentration: +the actual free hydrogen ion concen-
tration will be less than this because of ion associa-

tione.

%3.2.3  Spectral Properties of Fe(III)-PCHA System

When the absorption curves of the system were re-
corded by keeping the total ligand to iron concentra-
tion ratio constent but increasing the pH of the solu-
tion gradually, the concomitant shift of the maximum
absorption wavelengths towards shorter wavelengths
was observed. (Fig. 3.1). The same result was obse-
rved by recording the absorption curves of the comp-
lexes at definite pH but varying the ratio of the
ligand to metal ion concentration (Figs 3.2) indica-
ting the existence of more than one complex species
in the solution. Thus it was found that with an ine
crense in the ratio of the ligand to metal ion concen-
tration and the pH of the solution more and more of
the strongly absorbing species is formed at the expe-

nse of the precceding ones.

Moreover, the close inspection of the spectral
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bands of the couplex species in Fig. 3.1 and 3.2 re-
veals the existence of two common crossing points at
two characteristic wavelengths, 612 and 510 nm. These
are the isosbestic points or the points of equal abso-
rption for solutions of the seme total concentrations
of the species under study. Because it is very unli-
kely that a third species has the very same molar
absorptivity at this wavelength, the occurrence of iso-
sbestic point (s) in the formation of a series of comp-
lexes gives strong evidence for the simultaneous exi-

stence of two abscrbing species in the solution.

In Figure 3.3, it can be seen that the lignnd and
metal ion in 757 (v/v) ethanol do not absorb apprecia-
bly in the region greater than 440 nme It should be
particularly notcd that at lower pH values the metal
jon does not absorb prectically beyond 440 nm. This
is particularly important from the practical point of
view since it is in this range of pH values that free

uncomplexed metsl ion exists.

3.2.4 Number and Composition of Complexes of Fe(III)-

PCHA System
The number znd com; osition of the complex species
formed were determined by the continuous varations and

nole ratio methods.
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application of The continuous variations method: Method

of continuous wvariations is simple and rapid for deter-
mining the formula and also the stability of the complex
provided there is assurance that only a single complex
is formed from the components in question. However, its
use for the determination of the composition and stabi-
lity velues is not as simple when two or more complex
species coexist as when a single compound is formed
(63-64). Katzin and Gebert (64) derived general relati-
onships for the cese of as many as three complexes preoe=
sent simultencously and showed that eventhough only one
complex species absorbs, the position of the maximum is
dependent upon the formation constants and may or may
not appear at the position correspoﬁding to its stoichi-
ometric composition. 4 discussion of the various shapes
and positions that the maxima in a continuous variations
plot might attain, dependent upon the number of species
formed and the number absorbing, is given in the article

of Katgzin and Gebert.

With this caution in mind, continuous variations
experiments for the Fe(III)-PCHa were asttempted under &
variety of conditions most favourable for ascertaining

the number snd composition of jndividual complexes in

the present investigetion. This needs to take measure-

ments at several different wavelengths. It was also

necessary to tale ebsorbance measurements of solutions
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Fige 3.1. Absorption spectra of iron(III)-PgHA system in 757 f

ethanol as a function of pH; Cp, = 2.0 x 10 ; CL/C = 10; for

values = 0.15(1), 065(2), 1.15(3), 1.65(4), 24250539 2.65(6),
2.65(8)y 3.15(9)y #e65(10), 5415(11), 6.65(12).
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of different acidity, since the complex formation rea-
ction elso depends on the pH of the solution.

It wes found that the complex species existing in
Fe(III)-PCHA solution in water-e¢thanol environment have

the composition of 1l:1, 1l:2, and 1l:3, metal to ligand

ratio, respectively as can be inferred from Fige Ze4.

llole rotio methcd: This method is also applicable for

deducing the stoichiometry of complexes in solution,
for situstions in which several complexes exist under

a given set of experimental conditions (65)e For the
ideal case, the absorbance of the solutions as & fun-
ction of concentration of variable component is & con-
tinuous curve made up of straight line segments. Chan-
ges of slope msy be observed at any mole ratio of one
of the complexcs formed, except for very unsual rela-
tions between avsorptivities, ab restricted wavelen-
gths, of adjacent complexes. While this relationship
may be found at some wavelengths, it is unlikely to
hold over a wide wavelength region. The absence of
change of slope over a given wavelength region indi-
coetes that the existence of the complex cannot be esta-
blished direetly by spectrophotometric measurement in

this region, and the absence of change of slope OVer

. 174 3 t
the entire measursble spectrum is strong evidence tha

A ¥ ideration
a complex of such ratio does not existe. Consider

of the effects of dissociation of the complexes and
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tolerances in the reliebility of the spectrophotometric
neasurements lead to scme conclusion that some minimum
ratio between successive stepwise dissociation constants
exists to permit extrapolation of linear portions of
absorbance versus mole ratio plots to their intersection

yoint as representing the composition of a complex.
I B 1

In the prescnt investigation, measurcments were
taken under different sets of experimental conditions,
i.¢sy at various wavelengths and pH of solution to
extract useful information as to the composition and
nunber of complexes of Fe(III)-PCHn system. again, the
existence of three complexes of 1l:1, 1l:2, and 1l:35 compo-
sitions is confirmed in the solution containing Fe(III)-

PCHa system as shown in Fige 3.5 and 3.6.

The foregoing discussion of the number, composition
and presence of two isosbestic points of Fe(III)-PCHA
system in 75X (v/v) ethanol indicate the existence of

three equilibria of the type:

(4-n)*

‘L(E_l) + HIJ i

I]

where L is LJ..PIV tonated PCHie

hs

The variation of maximum absorption wavelengths

¥ith pH ang C;/Cy, show also the presence of three
complex species, FeL¥, FeL} , Fel, exhibiting abso-

Dt ] i o " 5 A - i~
Ption maxima at 535 nm, 495 nm, and 445 nm, respecti

p )t 4+ H (3.16)



vely (Fige 3.7y 5+8). The absorption spectra of the

three complexes are shown in Fige. 3.9.
g

2.2.5 Beer's Law and Calculation of lolar .ibsorptivity

at the Isosbestic Point

It wes possible to verify that the Beer-Lambert's
law is obeyed by the colored complexes of Fe(III)-PCHA
system at all wi.velengths, and for the mixture at the
isobestic point wavelengths in a wide pH range. The
common molar absorptivity of the complexes FeLE and

at the isobestic point wavelength, A = 510 nm and
2+

FE;L3

that of FelL and FeL+ at the second isosbestic point

2
wavelengthey A = 612 nn were calculated to be 4420 and

1343 1 mol—l cm"l, respectively. (Pable 3e1)e

Dable 3.1e Molar ibsorptivities of Cemplexes Fely (n=1-3)
at the Isosbestic Point liavelengths

= 5
E
y 1=2 2=3
CF“(M) CL/CFe (1 mol Low™t) (2 m°1“1°m_ )
1.6 x 10~ 125 % 1350 4437
3.2 x 1072 62.5 1338 4407
6.4 x 1077  31.25 1343 4406
9.6 x 10~°  20.83 1343 “f58
1.28 x 10~%  15.625 1336 halh
3,2 x 10”4 6425 1345 4380

mean = 1343 mean = A4420

“4t 612 nm and pH = 1.8
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%,2.6 Lutermination of Stepwise Svability Constants

of Fe(III)-PCH: System in 75%(v/v) Ethanol

The Toregoing discussions reveal the existence of
the succesgive complex equilibria Fe(III)-PCHix system

in 75/ (v/v) ethanol, which can be written as

CgHg-CH=CH~C=0

For these equilibrium reactions one can write the

following complex equilibrium constants.

K! =
g
[Fe j+_i (EL]
[FeL,1[H"]
KY = =
- [FelL] [HL]
"'ﬁ-‘,_"' o i I+"
o LT ,.LJjJ [H ]
5

[Felol LHLJ

(3.17)

(%.18)

(3.19)

(3.20)

-~
W
-

(A%
(]
—
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where the concenbtration of the uncomplexed free iron is

written as
-ip an
'7|A+j = N Y M
[Fe™?] = Cpg = nz_l [(FeL, ] (3.23)

and the concentration of the uncomplexed ligand is
given by
n=3%

[HL] = Cp, - 2 nlFeL ] (3.24)
n=1l

Thesc constants are composite ones K} being the pro-
duct of the stability constant of the %ype expressed by
Eqns 3410-3.12 and the dissociation constant (acidity

constant) of the ligand, K_:

v ) .25)

K! = I‘h.n . I&a (3 5

where Kq = LL:JLE:A (3'26)
: [HL]

Tf one could determine the pH of the solution

{pnn—l—r) at which the two successive complexes FeL, 1
and FeL  have equel concentrations and all

the stability cOn~

the metal

ion is in the form of the complex,

Starits 4 Ede 30y i iR RaRld BOTNEESE =
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Eg. %3.27 cen be written in logarithmic form as:

log K} = - (le:2 + log [HLJ)

Under these conditions:

C.. = [PeL] + [FeL,] = 2[Fel] = 2[Felp)]

kxf

and

[HL] = - ([FeL] + 2[FuL2J)

e ¥

Lubstituting Ege 330 into Eqe 3351 W€ gets

i C?c

and combining Eqns. 3.29 and Je2¢

tionship:

1}

I
=
bS]

os)

H
o

og K.
l }L) 1\2

I = 1z
) we obtaln TOC rel

(3.27)

(3.28)

(3.29)

(3431)

Fan)
A% 0
-
M
N
—

(3.33)
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an isosbestic point is a strong evidence for the simul-

taneous presence in solution of tw > absorbing forms,
and of two only, the sum of whose concentration is con-
stant. Under this condition, all of the Fe(III) is
the form of complexes, which are in equilibrium with

gach othiele

For such system there exists a method called iso-
bestic point method for the deternination of stepwise
stability constants. It was first introduced by Vare-
ille in 1955 (49).

The Vareille method is based upon graphical dete-

rrination of pH (pHVE) where the two successive

n—l=n
complex species have equal concentrations from the

curve of absorbance versus DH at the isosbestic pointse

The determination of the gecond stability constant

(Egs 3421 or ).u() was done at the wavelength of the
isosbestic point(II) ( a= 510 n¢3-

rptions are additive, the solution with
to the arithret ic

Since visible abso-

the required pH

will be that with an absorption equal

+ions of the TWO complexXes, FeL and

ve of absorba-

nean of the absor
o > he T
Fel, and this wes determined from the Cul
nce versus pH of the solutions.

The calculation of the third stability constant
! - . - Hme “."31‘:0 i
(Eqe 3.22 or 3+28 8) was carried out in the BBRC fa Iy
- ine I 8 u=
and in this case the curve used O deternine the solu

_ _ 1t d
tion of equal ecncentrations of complexes II (FLLg) an
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l,__ 5R
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in the calculation of the stepwlse Iormation constant
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C 10 i o i 1 .
Opg X 40~ & Mrop.  F51e2 PHy_ log K} log K!
e 2 5
Q. 0 220 425 1,402 ~14397
10 1.85 3.85 1. 3174 ~1.328
=0 1.5 5e442 1.3297 ~1.3202
Lo e 2.0 4415 1.%767 ~1e277
10 i S Bl 75 1.290 -1.404
"JC lo_’s‘ 5.5 1030,"‘,__ "lc
Lot S 1.95 4.00 1. 300 -1.302
10 1.55 3.65 1.3164 =le42Y
C i ol 363 1.2787 -1.3%97
40 , l-l‘_" 50‘3__ 1.;_'.'\:4- “‘1- +
—]C l. ';LE' _':-‘. :’0 1 . ‘l t —1 v /0
20 1.2 3,15 1.232 =1.5941
pean= le310 mean= —Lle50¢
The values of these stability cons tants when given J L
verm: ¢ stoichiometric stability constants represcnies
by Eqns. 3.10 - 3,12 and 3.25 would become:
Loy = 10.106

ligand is 1.6 X 10

9 (8)
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The sclutions at lower pH's contain unconplexed
free iron. The Total iron for thesc series of solu-

tions can be written as

Cn,. = [Fe] + [FeL] + [FeLg_‘j

e

Since the two complexes are the only absorbing
species under these conditions, the concentration of
iron in the comj:lexes and in the free form can be cal-
culated at the wivelength of isobestic point (I)

( A= 612 nmw), where l"uL2+ and l"eLE have equal molar

o
-
—

absorptivities ( At this isosbestic point

ILxEJ 3
wavelength:

b = § _5([FeL) + [FeL,l)

Where s denotes sbsorbance valuess
Introducing K Eq. 3.40 into Eq. 3.39, the uncomp=

‘exed metal ion is given as

ER
: . = + and FGL-—.
The individusal concentrations of Feli and 2

"eT¢ calculated from the mole fraction distribution

of This distribution

“ the tY?e Giv{:‘ll in Flg. 5.11.

fi. s(d ST ln
88ram gives the fraction of the complexed BetaL LR

(3.39)

(3.40)

(3.41)

curve



point wavelength it was also possible to calculate the

concentration of uncomplexed PCHa:

[HL] = Cp =((—=—) + [FeL,]) (3e42)

By calculating the values of the above variables

at low pH values, it was possible to calculate the
constant given by Eqe 3.20 which céan

following convenient form:

K! = log [FeL] - pH - log [Fe] - log [HL]

Some values of log K{ calculated for different

Concentration of C... and C+ /s = D are presented in
Fe L/Cpe

bility constant

o -

The value of this composite sta

it - . - : s+=ah il ;‘S'-'"l'lt
Yien given in torms of stoichimetric gtability const




ble 3¢50 V ce of log Ki Caleculated for Different

ntration of Iron and pH of the Solution in 75%

C.. x 10~

(M)

O 0.50 2.68
On ,_’]: Jol"?)

(. 85 2.0

e O F

’ r
_ IF}-! 5 c 1(1
v s
quJ; ¢ .,)l"‘-
085 284

s sosbestic point method TO

L0E ¢ q . .‘L.'I'.i" I ...i_'.)rl ('f TA]_U i
‘\III)-PCHA system required the selection of optimun

L o ~f POH
Kes of conc ntration of iI‘OIJ (O‘u‘la) fJ.I'l’;i LI".:'.t 01 FPCHA

; L ot S ey The

4 ~nlculation of stability constantse

& . e E—t= ¥ —"Y17:I‘:-L"-
B P & NEe! ed in the f-}t‘._ltl:;'- l“cl':;_‘__)—'.t'(a-"-d WS




e o \ M [ b 1 »
tange of C,, and C. , uacd for the

TS

W
&

- |

wlation of K.y ©Of Fe(III)-PCHA Systems in 75
al o, {2l

—~
Q
-

|
|._.‘
T

-
1~
@)

|
2o
\n
1
O

\n

- 20

5247 Construction of Mole-Fraction Distribution

Diagram for the Consecutive Complexes of

I'.__-;. l . J -:I_i'\-'}.'..:'. L"Stct}s

(7]

It was possible to construct distribution diagranm

Jiomogram) that can render the fraction of iron(III)

the complex by using the knowledge of PHjy.p and
9.3+ For thie particular case, the mole fraction
S 3 ume the following forn:
Neritiic [FeL ] x 100 A5
| .i_,‘ J’: il (_,.""‘9’,-
LFeL] + LFULnj - LFuLlj
= P
- 1 . 3 - - 1 - . - :l .“-
the percentage distribution OL FEip?
Dr'Ocee ot PAIPRE T - = ke "
:ds as follows. Consider Egnse 3+20i
L | I '."- b SHd = L : ¢ . - 3 f'llo‘.?i'1~
2 which can be written in the 10 WLIE




H JLI'el,
prandle a5 (3.45)
o 17 I‘I'
18y B e

(3.46)

N 1 x 100 (3.48)

e
L
-

KA[HTL] + KAKALHL]®
F ot = J

)

[E*] [H"1°

Kl HT.
—— 1C =, e Lo
w1 \
“alie LILL - Y f 11 £ 1-_;.:__ i
—— = tfk' P - \ P =% F l=c
171 i bv con j_.J_UI“:_I';E"' L :I'. .
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e 5e¢ll. ZFYew of these pH values for
conecentbration of iron(III) with different
presented in Teble 3.5. pH_ denotes

which we have maximum concentration

alues of pH. (n = 1 = j) for some Values of

‘or the Complexes of Fel (n =1~ 3%) in

i

e >
o ¢ 1.05 %.05 6.65
10 0«85 Dal 6el1>
0 055 2e45 5.63
10~ 115 29" 6.l
1 0.75 2.4 5465

- -1 == 2 1w .
10”7 1 mol Lom , respectively
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These valuec are calculated by considering the

percent contribution of each species existing in solu-

ticn obtained from the nomogram of the type given in

Fige 3e12e




v 1T
bi
WE .
4 1 . . F o
“1Be Jell. cle fracsion distribution of 1roen(lli/«iohn
Com T - A 5 2
Wil &S - - o o . ] - . 3 » o ‘
o =4 Si-eCles with regpect te thie total coppliestu
el < s 3 e "t ol
~ <« a5 8 function ef pH in ---‘-Z \v/vJ) etharol,




100

C-%)

Fel., Z (n

Pig. 3,

COncentragigles ﬂ‘th respect to *he total 1ron(ITI1

& n dS a functiep.of pl in 754 (v/v) ethanol.
= 2,

Fe 0 x 107K, . = 5. 1-fFe, 2- FeLy 3~] Fel,,

, L/(;.. 2

4= FeLB. re




o

3,3 Conclusion

The equilibrium reaction of iron(III)with N-phenyl-
cinnamohydroxamic acid has been studied in 75% (v/v)
ethanol in water solvent system. The complex formation
equilibria were found to depend mainsy on the solvent
cemposition, pH of the solution, the total concentration
of the ligand, %the metal ion and the concentration ratio
of the ligend to the metal ion. The spectral properties
of the iron(III)-PCH. homogeneous system, observed under
different ¢xperimental conditions, indicate the presence
of more than onec complex species. The actual number and
compositions of the coexisting species were determined
by spectrophotometric method to be of 1lil, 1:2, and 1:3
(Fe:PCE.) respectively. The maximum absorption wavelen-
gths of the three complex species were determined gra-
phically from the variation of maximum absorption wave-
length as a function of pH and also from the variation

of the maximum absorption wavelength versus the concen-

tration retic of the ligand to the metal ion. These

_ = 2+ FeL+
wavelengths are 535, 495, and 445 nm for Fel o ’

« i h . . , 3 'S
and BeLj species respectively. The fact that Beer

law is obeyed by the mixture of the complexes at the
isosbestic point wavelengths is Very important for

. = = - o-
“uantitative detvermination, since measurement of abs

rbance at the wavelength of jsobestic point where the
- ~ n Wi 23 H
molar absorptivity has a constant value overa wide P




- 58 -

range gives more relisble results than those obtained
at another wavelength at which the molar absorptivity

is strongly affeccted by the pH values

The stepwise stability constants were detemined
and found to be log Ky = 11.547, log K2 = 10,106 and
log K5 = 74438 for the I, II, and III stepwise stabi-
lity constants respectively by using isosbestic point
method. The method involves the determination of pH of
the solution at which two consecutive comjlex species
would have equal molar concentrations. To detemine
these constants, use of proper range of concentration

of the metel ion and that of the ligand was important.

Finally mole fraction distribution curves were

constructed that would give information regarding the

range of pH in which one of the compleX species 18

existing cnd the lknowledge of the percent contribution

of each species o the total metal ion in the solution

at certain pHe. By taking into account the percent

contribution of sach species atb certain pH, calculations

of the molar absorptivity values of the complexes at

their maximum abscrption wavelengths were donée
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4, DXTR.CTION .,ND SPECTROIHCTOMETRIC DETERMINATION CF

TRON(II) WITH N-PHENYLCINNAMOHYDROXAMIC ACID

4.1 Generzl aspects of Extraction and Spectrophoto-

metric Methods of ﬂnalxsis

It wans discussed in section 1 that, of the orgenic
reagents available for the determination of iron, compa-
ratively few are well suited. Some reagents reaot with
ferric iron, others with ferrous. The former generally
has the disadventage that they camnnot be used in the
presence of appreciable concentrations of such ions as
fluoride and pyrophosphate which form stable complexes
with trivalent iron in acid medium, in which the colour
reaction is carried out. In such cases better results
can frequently be obtained by resorting to a reagent

reacting with ferrous iron, which does nob form such

7 m
complexes or at least forms less gtable ones. Thus

commonly, for the most accurate determination of minute

amounts of iron, the use of 1,10-phenanthroline and
2,2'-bipyridyl are recommended. These reagents react
vra > - 3 t
with ferrous iron. However, in their use an BOgeR®

must be taken of the possible interference of coppers

i aggoci 3d with
nickel, and cobalt, which are normally associated wi

: ) ionic
iron in ores anl elloys. Both resgents fOrm cation

. o tion
complexes and therefore, the use of the extrac

method is out of the question. lany derivates of

ared, but most of

both reagents (%0,%1) have been prep
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these src little superior to the parent compounds and
apre also expensive. Thus, the development of a new
nethod for the determination of iron that can overcome

some of these shortcomings 1s necessary.

Chief among the methods for the determination of
iron may be mentioned, gravimetric, volumetric and
spectrophotometric methods. Presently spectrophotometric

nethods are widely used.

Spectrophotometry is based on the measurcments of
the absorbsnce for monochromatic light passing through
the solution conteining the substance to be deternineds
The basic condition for application of spectrophotometric
method, as is true for all analytical methods based on
the measursment of light absorpticn is that the Beer-
Lambert law is obeyed by the constituents to be deter-

mined.

Spectrophotometric methods are commonly used for

= , 3 c
the determination of inorgenic substance with organi

reagents (1-7)e The reliability of the method heevily

depends on the nature of the organic reagents

Sensitivity is one of the obvious demands 1n
: 3 o comply
applications of snalytical methods. In order t P
=

vyl " - - 3 i ve
With this requircment for reactions which involve a

o gd or
chunge in color, the molecule of the complex form

3 horic
the organic reapent itself nust contain chromop

¢ with
Broups which are characterized by transiions
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molar sbsourption coefficients in the range 103 - 105

i mol"lcm—“. such chromophoric groups are found among
d-n and w-chromophores. The complexes with d-w- chromo-
phores nre restricted in use to the transition elements,

in particulsr those which can exist in two oxidation

states differing by one electron.

The rcagents with m-electron groups are most fre-
quently employed in analytical applications. The main
resson can be found in the intensity of the transitions
(with molar abscrption coefficients up to 105 i mol'lcm'l)
which charrcterize these chromophoric groups. By intro-
ducing suitablec substituents into the molecules of the

organic reagents one can increcse the sensitivity and

selectivity of s ectrophotometric determinationss

If adecuate selcetivity in the spectrophotometric

determination of ¢ given substance is to be achieved

some practical considerations must also be taken into

Account. For exemple, it is necessary to choose 2 Sul-

table wavelength =t which to make the neasurement. The
#bsorption coefficient of the substance being determined
resent be

of other substances p
cased by pH

should be high, and those

negligible. Selectivity can also be incT

ol =1 sagent
adjustment or by maskinge. Ofcourse the masking Tesg

(and the complexes formed) should be colorle

Uy Al

ss and

i ie-
should not form ony complexes with the metal Delng

= - : . 3 ¢ t.
termined or react with the colorimetric reagen



The sclectivity of spectrophotometric determination
can often be increased by extraction of the reaction pro-
duct; thus it is possible to separate the component to
be determined from other interfering substances. Usua-
11y »a lower limit of determination can also be obtained,
because the measured compound can be concentrated in
the orpanic phasc by use of a suitable phase volume
ratio. Thercfore, extraction methods are very important
in inorganic snalysis, and are superior for the most

part to other methods of separation.

Solvent extraction (66-75) involves the distri-
bution of a sclube between two immiscible liquid phases.
It is extremely useful for very rapid and clean separa-
tions of trace ond major components of both organic and
inorganic subst-nces. Extraction methods are used in

many lszboratorics, and opened up many new applications,

especially in the field of natural substances. Currently

the following fields of application are active; petro-

leun chemistry, the chemistry of natural substances,

and the chemistry of inorganic complexesSe

- i 1lve
lletal salts dc not have the I-I'Olmrty to d1ss0

. - er
in organic sclvents. 1In view of their jonic charact

and the tendency of the ion to fornm solvates they are

S : o .OnSc ln
in general, not cxtractable from aqueous soluti

i £ re i iS
order to take up the ions in organilc solvents 1t
¢ 3 rganic
necessary to substitute the solvent by means bs+ 9FS
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ligands or, at least, by inorganic ligands which are
soluble in organic solvents. In this regard, organic
reagents play =2 very important role, because they can
react with metal ions to give products having the
basic pre-requitite for the extractability. They form
conplexes which are electrically neutral, essentielly
covalent and therefore can be taken up readily by
organic solvents. This is actually achieved princi-
pally by fermation of ion association complexes and by
formation of metzl chelates. Since the most widely
used method of extracting metal ion is the formation
of chelate, due emphasis is given to it here.

In the extraction of chelates formed from an
orgsnic solution of chelating agent, HL, and the metal

ion, M™*, the following equilibria can be comsidered.

(iiL)Urr (MI’n)org
'!i e
B 1 i “ Kpoy  (4.1)
5 ) plﬂ: + = - et o *n (ML ) Y
(HL) e B ULy B M — 4 aq

where K, _ = LHLl orne (distribution of the chelating

J_J,L (
€L 4,2)
[LLJaq —
[}ED 3 1 - (“'05)
PHL, = ]aq (dissoc1at1§n of the chela
;i L] ting agent
LH Jaq[L R
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[ML, ],
- n-aqgq 3,505
s ™ (stability of the chelate) (4e4s)
(m] . [L]%
aq aq
[HLn}org .
Eow = e (distribution of the chelate) (4.5)
L e {:;fln] aq

On the¢ assumption that the concentration of the
chelate in the acgueous phase (aq) is very small, i.€s.,
that any chelatc formed in the aqueous phase is at
once taken up by the organic phase (org) a distribution
relation of the total concentration of the metal in the

two solvent phases is given by Dyt

L Jorg yn (46)
i
W VY

B = CuCorn) - Kp,iiPn
i1 . (}; p‘
I’(-—.|) D,L I'lL

These arguments sre true only if there are 1o side re-

actions in both phases.

Cn exsmining the terms in the above equation, it
can be seen that the distribution ratio U)M)’ LeCoey

th¢ extraction efficiency can be affected by changing

] . e 1 ~ Ha A
the reagent concentration or by changinif the P

- ; vill
tenfold increasc in the reagent concentration Wi

] , : . s + 3 Sﬂmc ﬂmount
increase the extraction efficiency by the

unit (tenfold de-

48 an increase in the pH of one
gach effect

Crease in the hydrogen ion concentration)s

i = p etal ion
18 gre:ster as the oxidation state of the me
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beconcs largeres The value of ].}hi increases with pH upto
a certain maximum value beyond which the electroneutral
chelate prevails in the equilibrium systeme. Ey using
a high reagent concentrations, extraction can be per-
formed in more acid solutions. Its concentration
cannot be increased arbitrarily, however, due to limi-
ted solubility ond interference in the subseguent
determination as for instance the cause of undesirably
high reagent blanks by high concentration of reagent

in spectrophotometric determinations.

The more siusble the chelate (the larger the pn)
the greater the cxtraction efficiency, and this princi- |
ple serves as che besis for the separation of many
netals. .un acidic reagent (small py;) that is relati-
vely soluble in water favors good extraction, but

chelate stability generally decreases 88 the reagent

acidity increasecs and vhe effects of pgy 8nd Py must

be considered together for a series of different chela-

ting agents.

EC ¢ of
o inerease extraction efficlency s valu

ible, and the value of

»

should be as high as poss

et

-
-

—

K should be low.

)
-
L—l

and
Uther factors such as tenperature (82'85)

i ¢ st ture vent may
lonic strength of the solution, nat of sol

1s : pprovements in
also affect the value of Dy- For the 1mpP

: iderations
Selectivity of extractions the following cons

;__-‘
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r be taken into accounte.

=

he separation efficiency depends on the relative

g

ormation constants and on the relative solubi-

litice of the chelates (764,77).

The sclectivity of an extraction can often be con-

trolled by ,roper pH adjustnment.

The separation efficiency can be altered by change

in reagent concentration.

The sclectivity of a separation can be increased

by strippins technique (i.e by back-extraction)s
The efficiency of separation can be increased by
the scrubbing techniguees

The sclectivity can be influenced by any masking
resgent added to bind interfering metalse

4 selective separation can also be based on the
liffirence in the kinetics of extraction process
(78479).

. 5 e
me combinations of metal ions the extractiv

ved by choosing

For

m

at

separation of complexes can be achie

a suitable solvent (50,61)'

' ion
4 change in the oxidation state of a netal
achieving gelective

offers snother possibility for

separatione.

: : jon Ccan be
a considerable selectivity of Sebarﬂtlo
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obtained by means of displacement resctions.

11, If the scparastion efficiency remains poor even
when all these ways of increasing it have failed
there always remains the technigue of successive

batch extraction.

48 indicated in the foregoing discussions, tho
availability of sn organic reagent that can be employed
as a suitable spectrophotonmetric and extraction reagent
is a very important step in inorganic analysis. It has
already been explained tThat, one of the powerful group
of chelating agents used for the solvent extraction
and spectrophotometric determination of metal ions in
recent years is, N—phenylcinnamohydroxamic acid. This
mination of biva-

popular rcegent is used for the deter

lent iron in the present investigation.

4.2 Results and Discussion

4.2.,1 Colourimetric keaction

" o e-red
Iron(II) combines with PCH4 g1ViNG an orang i
: tion
stable complex that is insoluble in agqueous S0lu

, g :nt. This
but readily soluble in most organic SBATUR

; . pasis for the
sensitive colour reaction underll€s the basi

y sitngh otometric
development of new extraction and spectToph

h : iron
nethod for the deterrination of bivalent 1TOie




4.2.2 Choicc of Eolvent and .ubsorption Spectra

Several organic solvents were examined for the
choice of proper solvent for extraction. The complex
is readily soluble in all the solvents tried and exhi-
bits esscntially similar spectral properties except
the slight differences in intensities. Toluene and
benzene were found to be the most suitable ones since
the complex is readily and quantitatively extracted
into them. However, toluene was chosen as @ solvent

for extraction duc to its low toxicity.

The¢ absorption spectra of the reagent (PCHA) end

the iron(I1)-PClli complex in toluene are shown in

Figse 4.1 and 4.2. The reagent shows negligible abso-

rption in the rezion 700-500 nm, slight absorption

between 500-400 nm, and strong absorption beyond 400

: 3 y pre-
nm. Hence, a reagent blank 18 necessary for the P

, s rter
cise measurcmenis of absorbance at wavelengths sho
fhan 500 nm.

The iron(II)-PCHA compleX showed two strong

ah ' : iated
absorption band maxima at 448 snd 370 DE 28800140

- A 3 <, al to the
with the electronic transitions ITOR the metal
' itd d
ligand (the charge transfer M --2 L tran.,ltn.onS) n
ctivelys

5 - o 3 3
% ~=> 1" transition of the ligand, TespPe




= B9 =
nfable 4.le Effect of Golvent on Extraction of Pe(II)-
PCHA Complex; Iron(II) = 111.70 ug/25 ml

H of the agueous phase = 5.00

1}_&
o — sbsorbance  lolar absorbitivity ( ©)
i T | nol tom >
Benzene 0.675 8437.5
Poluene 0,672 84000
Aylene 0.665 83512.5
o-dichlorcobenzene 0.659 823745
Chlorobenzene 0650 8125.0
Lthylacetate 0.622 777540 -
Carbontetrachloride 0.611 76375
Chloroform 0« 598 747540
amylacetate 0.515 64375
anylalcohol 0.495 61872

4.2.3 llode of Introduction of the Reagent into the Re-

action liixture

When an organic solution (PCH4 in extracting golvent,
toluene) of the extractant was uscd, complete extroction
was obtained after several batch extractions:uulthus

the amount of the reagent nceded was found to be Vvery
£ the extre-

e " o s o)
high. {hen an nqueous alcohollC solution
extraction was

ctant (PCHL) wos used instead, complete
t 3D

the later modo

: a single
l:fj‘.-lt-.']lti;".lly 1503;11110 with lJ'L].I'(.’ SUlVbn i 1Y

extraction. Because of this advensagss
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Pig. 4.1. Absorption spectra of sron(I1)-FCHA complex in
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was used for effective removal of Fe(II) quantitatively

from the agueous solution.

4a20.4 Choice of Reducing uagent and Its amount

Most commonly used reducing agents for the redu-
ction of Fe(III) to Fe(II) are hydroquinone, ascorbic
acidy and hydroxylemine hydrochloride and all the three

reagents have been tested in the present investigation.

48 can be seen from Table 4.2, all the three are
practically equally well suited within the range of
concentrations mentioned. This was checked on both
standard Fe(II) and Fe(III) solutions. Most of the
work has been done by arbitrarily choosing hydroguinoné.
In the study of the effect of pH and applicability of
Beer's law all of them were used und they all gave prés
the effect of time oOn the

ctically the samc result.
g was also studied before

It

action of the reducing agent
¢ pH of the agucous solution.
on the reé-

the adjustment of ti

was observed that there was no time effect

3 - 1 the
ducing abilities of the reductants, 1s€es a5

three led to immediate reductions
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nable 4e2 heice the P ;
mTable 4.2 « Cholce of the Proper umount and Kind of
Reducing .gent

Iron = 8.0 x 10”7 M

lteducing agent Molar concentration usbsorbance Remark

Hydroquinone 0.004 0.691
C.01 0.685
0.05 0.690 pH = 5.0
0510 0.690
@15 0.689
ascorbic acid 0. 0G4 0.687
C.01 0.692
0.05 0.687 pH = 6.0
0.10 0.699
o 0.15 U694
Hydroxylamine 0.0144 0.665
hydrochloride 0.02886 0.660
0.0576 04677 pH = 6.0
0.1152 04675
o 0.2880 0.675

%e2.5 Lffect of Variables

I - . ‘ i the extra=
The effect of the experimental variables on

g been studieds The

tlon and determinetion of iron(II) ha
P ' 4 suri the
effect of particular variable wes studied by measuriig

a : ibed
bsorbance following the general procedure descr

ers constanty
;jortant

amect

131 i & 2 -
Flier, kecping all experimental par

eXcen . = L &
Cept the one under investigatlone

B
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since both accuracy and precision of photometric de-
ternination depend on the completeness of a given res-
ction which in turn depends on the proper adjustment of

experimental variables.

iffect of pH: The extent of extraction increases with

PH and for a pH renge of 4.5-9.00 it becomes independent
of ps For pH more than .00 phase separation was diffi-
culte Thus the optimum pH range of the aqueous phase
for complcte extraction of iron(II) was found to be 4.5-
200. It was also found that the colour and the wavele-
ngth of maximum absorption of the extract remain the
same for 211 pH examined. It is therefore clear, that
in the pH renge where absorbance does not depend on the
PHy the extractsble electroneutral chelate prevails in
the equilibrium system or practically the only species
uxisting.

48 howm in the. Table 4.3, the pH values at which
One can attain comylete extraction decresse with in-

: n once
Cressing concentration of the reagente. MNOTeovers

the complexntion reaction is complete (i.¢ once the

ny4 = . . . N ciat&do
complex is formed), it cannot easily be disso

Che ; ins the S&me
the extent of comrlete extraction remalns th

1
was decrease(‘
stability of

the interfe-

“Ven when the pH of the agueous phase

Iron hidu,r values to about pH 2eDe This

“he complex is very important to minimize :
ipitation ©
Sehcs of hydroxide formation since the preczpi
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iron as hydroxide is hl{_;;hl;; (ij—SCOUI‘EiL'ud in the Fresena
‘ = ~ oLice

of very stable complex.

w

Table 4.5 LEffcct of pH

Iron = 111.70 ug/25 ml

PH  ubsorbance Remark

240 0.106

50 O 440

4.0 0e6359

4e 5 0681

s 0670

6.0 0.688 0.00 5 M x 5 ml PCHA in

7+0 0.66€& ethanol was used

Se0 0674

8. 0e687

9.0 0.685

540 Oe 545

De€ 04611 0.01 M x 5 ml PCHA in

4.0 0.650 ethanol was used

240 0.6%0 0.005 M x 5 ml PCHA in

245 QeG4 cthanol was used. First

3.0 0.669 the pH was increased to

Fe'5 04669 higher (2 7) and thex-l '_bro-
ught down to the desired
pH values

S v—

fe 3 = > Er was
‘-‘-i:-i-il‘i.?__gf amount of ethanol: oince the reagent

S ; o t of the
‘Atroduced as an ethanolic solutlon, the effec
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amount of ethanol on the complex to be formed hag been
studiede It hos been found that upto 50% (v/v) of
ethanol in the ayueous Thase can be added with no
adverse cffect in the amount ang cxtractability of
the complex. Beoyond this, phase Separation was diffi-

cult.

Yable 4.4, Lffect of «nnount of EKthanol
Iron = 111470 pg/25 ml
PH = 5,0

Ethancl in the .bsorbance at

aqueous phase 448 nm
% (vyv)

10 0.670

20 0.677

%0 0.672

40 0.668

50 0.668

7 : ratio
Effect of amount of reagent: The optimum molar

und to
iécessary for complete extraction of Fe(Il) was fo

°® 1i4. Dne exiractablity of the metal ion remeins

&

i:ssenti:‘:ll.}' constent upto 50-fold molar eXxcess of th
f
“egent, Nevertheless, the extent of absorption 0

the 3 3 trﬂtion.
"¢ reagent increases with 1ts increasing concen

; sure=
and ank for the mea
i therefore one needs the reagent bl i
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ment of the absorbance of the complexs bince larg

@
excess of the reagent has no adverse effect, one can
increase the sc¢lectivity of the method by using high

concentration of the reagent.,

Yable 4.De Lffect of jmount of lieagent
} o
Iron = 8 x 10™“ M

PH = 5.0

Mole ratio of Absorbance

iron to PCHa at 448 nn
1:1 0.210
132 0.416
e 0.621
1:4 0.672
Xes 0.686
1:6 0.670
1:8 0.671
1:10 0.676
1:50 0.675

Lonic strength, vemperature, and volume Of agucous

bhase: There was no change in the spectral properties

\ s th
nd in the extent of extractablity of the compleXs &
aqueous phase

Variation of the ionic strength of the

fron 0,10 M to 1.00 N with respect to potassi
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and potassium nitrate. un increase of tenperature

from 20° = 60°C has no effect in the extractability
and spectral behcoviour of ihe complex. It has also
been found that Che variation of volume ratio of the
organic to aqueous phase from 1:1 to 1:4 has no change
in the spectral behaviour and extraction efficiency

of the compleXe

Table 4.6. ILffect of Temperature of the ApAqueous rhase
=5,
Ifon = 8 % 10 i

PH = 5.0

Temperature, ° Absorbance

20 0.673
30 0.672
40 0.670
50 0.673
60 04675

Uable 4.7. Effcct of Volume Latio of the Organic Phase

To pgqueous Yhasc
Iron = 8 x 107N
I’IH - 5-0

Volume ratic of organic phase to absorbance
agueous phase o
a W, 0,676
-~ 0,675
i 0,674
e 0.677

s 1:4 __‘



Qable 4.8« Effcct of the Ionie Strength of the Aqueous
Phase

Iron = 8 x 10™7H

pH = 5.0

blectrolyte Concentration (M) Absorbance

KC1 0.1 0.672
Oe2 0.675
0.5 0.665
1.0 0,666
FJ:EO;} 0.1 0.660
0e5 0.671
1.0 0.668

Extraction time and stability of the complex: Lhe comp-

lete extraction of iron(iI)-PCHA complex from the aqueous
phase into toluene was achieved within about two minutes.
“he tolucne exitroct of the corplex was found to be stable

=3 . O + ~0
for at least six months at 20°C = 2 ©s
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Wable 4.9« Stability of the Lomplex with

_ Jime
Iron = 8.0 x 10~7k
pH = 5.0
Time of measurement Absorbance
after extraction at 448 nm
50 min 0.672
%00 min 0.672
240 hrs 0.672
6.0 hrs 0.671
2.0 days 0.673
7.0 days C.674
15 days 0.673
1 month 0.674
1¥2 months 0.673
2 months 0675
3 months 0675
- months 0.676
5 months 0.676
6 months 0677

: nsi-
4.2.6 Beor's Law, Uptimum Concentration Ranges sensi

tivity and Molar absorptivity

he con-
The Fe(II)~ECHs complex obeys Beer's law in ©

amounts of
¢éntration range of 1.CO to 9.00 ppoe varying

g were extracted

Ye(II) ranging from 28 g to 223.4 1
ging : A of absorbance

s ot
*ollowing the recommended procedures & P
; ¢
_ ; ity in the Tréng
Against iron concentration shows linearity
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mentioned above (Table 4.10 and Fige. 4.3).

The molar absorptivity of Fe(II)-PCHi complex in
tolucne was found to be 8400 I 50 1 zxol_lcm-l and the
corresponding Sandell's (3) photometric sensitivity
was 000665 pg of iron per cmg. Moreover, the opti-
mum concentration range for the determination of iron

as evaluated from the Ringbom's plot (Table 4.10 and

Fig. 4.4) was found to be l.5-5.0 ppm of iron.

Teble 4.10e Calibration Curve Data for the Determination
of Fe(II) with PCHA

PH = 5.0

Molar concentration loglre] Absorbance .‘t‘ercent:,tt .
of iron M ([Fel) at 448 nn transmittanc
2.0 x 102 ~4.69897  0.168 674920
4.0 x 1077 —4.39794 00336 464132
8.0 x 10~ —4,09691 0.671 214330

¢ 94795
1.2 % 107F ~3.9208 1.009
L
1.6 % 104iL .5.795{38 1. 344 0.656
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o.*-

Fi 7 +ali
;Cg. “e3+ Calibratio
4A in toluene.,
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concentration or iron(II)

n curve for the determination of iron(II) wi
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Pige 4.4, Ringbom's plot for the evaluation o _
- °°ncentrationn§ange fgr the detemina?:ion of iron II?

With PCHA. L
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4.,2.7 Precision

Ten independent determinations on solutions each
containing 111470 pg of iron per 25 ml gave a mean
absorbance of 0.672 with standard deviation of = 1.42 x
10"7. The value of relative standard deviation is
¥ 0.2). These observations depict that the method de-
veloped is precise and gives reproducible results. The

results are given in Table 4.11.

Mable 4.1le Evaluation of Yrecision of the Method

Concentration of iron(II) = 111.70 ug/25 ml

PH = 5.0

Number of samples pbsorbance at 448 nm
1 0.672
2 0.672
3 0.669
4 0.672
5 0.675
6 0.670
z 0.672
8 0.671
9 0.672

10 0.674

\stant of Tron(1I)

4.2.8 (omposition and $tability ot

PCHA Complex

conditional stability

I

The composition and



constant of iron(II)-PCHi complex have been determined
by using spectrophotometric methods; the mole ratio and

Job's continuous variations methods.

In the mole ratio method a series of solutions wos
prepared in which the concentration of iron, the pH,
and the ionic strength were kept constant and the con-
centration of PCHA was varied under similar conditlons.
The complex was extracted by the general procedure and,
the absorbance of the colored extracts was measured at
A ax (Table 4,12). «fter correcting for the absorbance
of the ligend, the sbsorbance of the complex was plotted
ageinst the mole ratio of the metal to PCHA (#ige 4e5)e
nwo straight lines were drawn from the two parts of the
curve which intersect each other at a mole ratio of 1:5
of the metal to the ligand respectively, ghowing the

formation a 1:3 Fe(II)-PUHA compleX.

The overall conditional gtability constant was
also calculated from the curve by using the following

expression (5)3

C

yit
Tl = M
Py & ot C (4.7)
r B = .é—- 3 — ._ii_. - L n E
G T, )
“ex (h4

where p, = overall stability constant

number of ligand

=
1

= absorbance on +he curve

(.
-
I

—



hgy = extrapolated absorbance (on the straight
lines)

CM = total concentration of metal
CL = total concentration of ligand

Thercfore for n= 3, 4 = 0.621, hy, = 0,675, Cy = B X 1077

and Gor = 25k % 10" 0

L

By = 0.62l 4 g x 10
0.675

8 x 1077 (1 - (282) (1 - 2L _y3(z.4 x 1074Y
0.675 6.675 x 3

by = 245 x 10%° or log by = 12.4

nable 4.12. Result of Hole liatio Method for Ipon(II)=Complex
Concentention by ron(Ir)s Bio % 107N
Concentration of KC1l = 0.1 M

pH = 5.0

Mole ratio of sbsorbance at

re(II) to PCHa 448 nm
Tzl 0.210
1:2 0.416
X35 0.621
1:4 0.672
135 0.686
1:6 0.670
1:8 0.671
1:10 0.676

1:50 0.6?5
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In the continuous variations method a series of
solution was prepered for each system in which the mole
fraction of the metezl ion, i.e. Fe(Il), and the ligand,
i.e., PCHA, was varied between O and 1 at constant
total concentretion under exactly similar conditions.
The complex was extracted by following the general pro-
cedure and the absorbance of the colored extract taken
at Ammr. (Table 4413). after correcting for the abso-
rbance of the reagent the absorbance was plotted against

nole fraction of the metal ion. (Fig. 4.6).

The maximum absorbance wus observed at the mole
fraction of 0.25 of Fe(II), indicating the ratio of

Fe(II) to PCHA to be 1:3 in the extracted complex.

From the curve it was anlso possible to calculate
the overall concitional stablity constant from the same

type of expression mentioned above (kg. 4e7) e

-1,
For i = OsBL Gy = 1 x 107°H
hgy = 0840 G %5 X 107*4, , pH = 5.0
0.781 4
bl == x 10
3 0.840
(1 - 2781y 107 (1 - 04781 y3u(z x10”)°
0,840 0.840 X 3

Pt = &5 X 10%° j 1og Py = 12.65

N
|
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Pige 4.5, Absorbance of iron(II)-PCHA complex in toluene
as a function of PCHA concentgation at constant iron(II)
concentrations GFe = 8 x 10 « PH = 5.0,
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Fig. 4.6« Continuous veriation curve for iron(II1)-FCEA
complex in toluenes ctotal = 4 x 10‘3u. pH = 5.0+
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Dable 4.13,s Results of Continuous Variations lMethod
Total concentration of metal (Cr) and ligand (CL),

L
ivey Op + Oy = 4 x 10~*y

pPH = 5.0

Mole fraction sbsorbance

iron(II) at 448 nm
0.00 0.000
€.10 0+335
0«20 0.650
0.25 0.781
0. 30 0.740
Q. %4 0. 700
C.40 0.620
0.50 0530
0.60 0.43%0
0.70 0« 320
0.80 0220
0.90 0.090
1.00 0,000

4,2.9 Effect of Foreign lons

In order to evaluste the selectivity of the method,
the effect of several diverse ions on the extraction and
determination of Fe(II) with FCH4 has been investigated
by adding a knovm emount of the foreign jon under gquestion
to a solution containing 111.70 pg of iron(II). Unless
specifically mentioned, the pH of the working solution was

kept in the range of 4,5-5.0 pHs The extractions and de=
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terminations werec done by following the general proce-

dure described earlier.

A8 is shown in Table 4.14, alkalis and most of the
alkaline earth metels do not interfere with the determi-
nation of iron by the method developed. The maximum
permissible concentration of ions such as uranium(VI),
cobalt(II), zinc(II), bismuth(III) and tin(II) was rela-
tively low. It was possible to increase the permissible
1imit of the ions, beryllium(II), lanthanum(III), moly-
bdenum(VI), tungsten(VI), chromium(III), to the values
mentioned in the Table, by using excess reagent, since
they interfere by reacting with reagent forming color-
less complexes of their own. It has been also studied
that by varying the pH of the agueous solution, it was
possible to diminish or avoid the interference due to
cerium(III), szirconium(IV), titanium(IV), vanadium(V)
and aluminium(III). Thus, the interferences due to
zirconium(IV), venadium(IV), and titanium(IV) were eli-
rninated by prior extraction of the metal ions with
0.1% (w/v) reagent solution in chlorororm from 2 M, % M
and 8 M hydrochloric acid solutions, respectively.’
Tron(III), which was taken for this purpose, remains
unextracted in he aqueous phase under these relatively
high acidic solutions. It was then extracted and de-
termined after increasing the pH to optimum value and

treating it with s suitable amount of hydroguinone.
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The interference due to cerium(III) was diminished op
avoided by first increasing the pH of the solution to
somewhat greater than pH 5 and then decreasing to
about pH 3¢ It was thought that once Pe(II)-POHA
complex is formed, it is difficult to dissociate by
decreasing the pH, but this may not be true for

cerium@ID-PCHA complex.

sluminum forms hydroxide ion below pH 8, making
the phase separation difficult during extraction. This
undesirable phenomenon was circumvented by incressing
the pH of the aaueous solution to somewhat greater
than pH 8.

The shortcoming of the method is the interference
of copper(II) that forms extractable colored complex
with the reegent at all levels in the pH range reguired
for complete extraction of Fe(II). However, it was
possible tec diminish greatly or c¢liminate the interfe-
rence by employing excess ammonium thiocyanate solution
as masking agent for copper(IL).
the tolerance limit for oxa=

Regarding the anions,

The
late was relatively low compared o other anions.

¢ boraté
interference due to acetate, citraté, tartarate,

o T at extent
and phthalate wes shown ©0 diminish to a gre

r instancey
in the presence of excess reagent (PCHA). O

g5 8 buff&r

d a
it has been seen that acetate can be use

: v by increasing
in the presence of excess reagent and bY
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the extraction time to about 1C minutes. But it was
also observed that, if lower concentration of the re-
agent has to be used as is the cnse for example, during
the study of the composition nand thermodynamic proper-
ties of the complexy etc., ncetate buffer cannot be
used, as it interferes seriously under this condition.
Infact, ammonia buffer has becen found to be effective
for this newly dcveloped method of determination of

iron.

From Table 4.14, it can be observed that all
common ions that normally occur with iron in living and
nonliving things do not interfere or their interference
can be eliminated by suitable treatment, showing the
selectivity and versatility of the newly developed

methode.

Table 4.14¢ Tolerance Limit of Diverse Ions in the
petermination of Iron(II) with PCH. (with an scceptable
Lrror Less Than = 27)

Tron(II) = 111470 pg per 25 ml = 4,468 ppm

molerance limit (ppm)

Icn added
5 i 800
Nat 800
gt 800
M82+ 800

—



&

- O

Table contd.

Ton added Polerance limit (ppm)
ca“*t 800
spet 800
Baot 800
1t 800

+ :
NH, 800
Pl 400
C ;|_E+ “‘00

o+
Hua 400
Be=* 400
cet? 400
NiZt 200
o 100
TiLH 100
voa 100
Uo§+ 80
Sn2+ 80
Ce5+ 80
o 80
005~ 80
Hoﬁ‘ 80

n
pi”t G2
t.Jc'.?«l- 40
a3 40
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Table contde.

Ion added Tolerance limit (ppm)
2n®* 30
Chloride 2000
Nitrato 2000
sulfate 2000
Thiocyanate 2000
Tartarate 200
Fluoride 200
scetate 200
Borate 200
Citrate 120
Fhathalate 80
thosphate 80
Oxalzate 20
EDTA »

4.2.10 application of the Method

The newly (eveloped nethod was employed for the

determination of iron in blood gample and two different

British Chemical ¢ tandard Steel samples, to assess its

analytical potentiality.

Blood sample: The amount of iron in blood sample, Pre=

pared by following the procedure described earlier wes

determined both DY the newly developed method and by
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2,2'-bipyridyl wethod. The latter one does not ofcourse
invelve extraotion procedure. The results obtained were \

58.9 mg/100 ml »nd 58.6 mg/100 ml for PCHA and 2y2'=bi=- I

pyridyl method, respectively. In both cases thu results
are essentially the same, and fall with the range of con~-
tent of iron in whole blood reported for an adult person
(man). The reported range is from 45 mg/100 ml to 145
ng/100 ml (84)e ‘TFhus {pon(II)-PCHis method is reliable
and applicable for the determination of iron in bioma-

terial.

5teel samples: ©Since the gtandard samples were not

available, synthctic samples having the sane constituents
with identical proportion as that of the British Chemical
Standard Steel No. 64a and 241/1 were prepared. Extra-
ction and determination of the samples were undertaken
following the same procedure describud earlier. The expe-

rimental results given on Table 4.15 are average of five
determinations for each samples

The results given in the Table indicate that the

newly developed method is reliable.
Mable 4elDe Determination of Iron in Synthetic Hamples

Composition of Samples

Sanples Noe o41/1: W 19.61; Cry 5.0%; Mo, 0.52; Vs 1575

GO, 5.6?; Cg 0.85; Sig 0-55; oy 0-03};

P, 0-021; Mn, 0-295; Nig 00075; Cu, Oelj
By Ol025; e, 65.5?2-
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b&mple Noe B4a: Cj 0.80; Cr, 4-40; V, 10:?7; Hog “lll;
‘ng b066; FU’ Bj.‘{b%

Sample No Iron content Iron found Error
(%) (%) (%)

el 65487 65432 0.8%

64 a 83445 83.92 0456

4.3 Conclusion

The colorimetric reaction of iron(II) with N-phen-
ylcinnamohydroxamic acid forms the basis for the deve-
lopment of & new simple,y rapid, reliable and versatile
method for the cxtraction and 3pcctrophotometric deter-
mination of iron(II). The extractable, neutral comp-
lex is insoluble in agueous solution but soluble in
gseveral organic sclvents. .mong these toluene was
found to be a suitable oxtracting solvent. The complex

exhibits two maximum absorption bands, out of which the

one at the wavelength of 448 nm WAS used for the guanti-

tative determination, because the contribution of the

ligand to the nezsured absorbance volues is less then

what it is at the other wavelength. the effect of

several experimental variables on the newly developed

method was studied and the method was found to be

largely free from rigid control of experimental variables.
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Consequently, it is possible to eliminate the interfe-
rences due to some ions, and thus mointain ite selecti-
vity by making some slight changes in the genersal pro-
cedure. The methed was also found to be sensitive and

precisce

The resultec obtained by applying the method for
the determination of iron in blood and steel samples
are strong evidence for the sensitivity, seclectivity,

and wide application of the newly developed method.
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