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ABSTRACT

The procedure for producing a calibration curve
for the determnation of alumnium conper, zinc and
chromumin trace anmounts is described. It involves
the use of a sensitive spectrophotonetric method based
on the formation of intensely coloured mcellar
inproved ternary systens. The systens studied are:
/n - PGR O - PR as well as Al - CV and Qu - CV.

O investigating the interaction between (P&R)
and zinc or chromum the wavel ength of maxi num
absorption of 520nm was recorded for the PR - Zn system
and 414nm for the O - PCR system wi th correspondi ng
3

1

extinction coefficient values of 13,66 x 10°l.mole! cm

and 18.94 |.mole' cm' . Fromthe results, the
stoichionetry of the Zn - PQR conpl ex was either
n(PAR)s or Zn,PGR but it was inpossible to deduce that

of the O - PR conpl ex.

The binary systens were sensitized by the addition
of cetyltrimethyl ammoni um bromde (CTAB). The wavel ength
of maxi mum absorption for the ternary systens are 600nrn
for Zn - PR - CTAB and 572nm for O -PGR-CTAB with
correspondi ng extinction coefficient val ues of
15.40 x 10° I.nmole-Y.cm?! 15.53 |.nole . cm?!. The
conposition of the ternary conplex was deduced using
the nole ratio nethod. A fornula of Zn[PGR) 4( CTAB) 10]
or Zna((PGAR) o(CTAB)s} is proposed for the zinc conpl ex.



Smlarly, the interaction between (CV) and al um ni um
or copper was investigated. The wavel ength of naxi num
absorption of 578nmwas recorded for the A -CV system
and 610nm for the Qu-CV systemw th correspondi ng
extinction coefficients of 2.G5 x 10° |.mole * cm 't

and 2.69 x 10% I.nole-! cm?.

The stiochionmetry of the Qu - CV conpl ex was
Cu(CV), while that of AL - C/ was ALCYV. On the addition
of (CTAB) to these binary systens, the conposition of
the correspondi ng ternary systemwas deduced using
the nole ratio nethod. For the Cu- CV - CTAB conpl ex,
a formula of Cu[ CV,(CTAB)g) or Qu(Cv - (CTAB)3J, was
proposed while A1CV(CTAB), was proposed for the A -Cv-CTAB

system The wavel ength of nmaxi mum absor bance for

Qu-Cv-CTAB is 698nm and 696nm for the Al -C/-CTAB with

1 1

an extinction coefficient of 3.10 x 104 | .nole ~.cm — and

35.97 x 10° I.mle L cmid respectively.

Even though no attenpts were nmade to nask interfering
ions, the selectivity of the nethod was studied by
I nvestigating the interference of sone cations and ani ons on
each of the systens. The interference effects were

recorded in percentage form
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CHAPTER ONE

A — . ——————

1. INTRODUCTION.
1.1 SURFACE ACTIVE AGENTS OR SURFACTANTS

Burfactants are substances that alter the conditions
prevaliling at interfaces e.g. cleansineg materials -
soaps, greases, elues and gums. They bave found wide
use in almost all branches of the chemical industry
most especially in detergency, textile industry and
biolorical research, Each surfactant mdlecule or

monomer has two distinet regions in its chemical nature.

One is a hydrocarhon chain the hydrophobic region and 7

the other is the ionized group or the water soluble
aroup, the hydronkilic region. An example of a
surfactant is cetyitrimethylammonium bromide (CTAB)
with a chemical formula, 016H33N+(CH3)3Br_. As a class,
these substances which include soaps, detersents are
called, "surface active agents, association collolds

or colloidal surfactants" (1)

Haftley (2), described the existence in one
compound of two moities as amph;pathy. This dual
nature of surface active agents is responsible for
thelr surface activity, micellization and solubilization,
It is the presence of the hydrophilic groun that
renders each of the substances soluble in water at an

appropriate temperature,



1.1,1 Tynmes of Surfactants.

- The usual classification of non-iconic, anionic
catlonic or switterionic surfactants depend upoh.the
nature cof the head erouns. The hydrophobice part can hbe
of different length. It can cortain unsaturated portions,
aromatic gfoups, can be branched or c¢an be rartly or
completely halogenated, The rrincipal types and their

characteristics are:

(1) Cationic surfactants: These lonize in solution
with the head group carrying a positive charge e.g,
cetyltrimethylammonium bromide (CTAB),CHy(CHy), N (CH,),Br”

and cetylpyridinium chloride (CPC) C5H5N+012H2501—.

(ii) Anilonic surfactants: These ionize with the head
group carrying a negative charre e.g. potassiom laurate,

-
CH3(CH2)10COO K .

(1ii1) Non-ionic surfactants: These do not lonize in

sclution. They only behave like organic molecules,

(iv) JSmpholytic surfactants: These can behave as
either anionic, cationic or non-ionic, depending on the

rH of the solution.

(v) Zwitterionic surfactants: These ionize to carry
equal number of positive and negative charges,

simultaneously and are thereby neutral,



Most ot the surfacc active agents are synthetic

but a few are naturally occurring e.z. lecithin,

1.1.2 The micellization.

At very low concentrations, those surface active
agents which carry ionized eroups behave like ordinary
strong electrolytes and are completely dissocilated.

As the concentration of the surface active apents in
solution is increased sufficiently, formation of small
agegregates of colloidal sizc is observed. Those
agerecates of colloidal dimension are called micelles.

It is interesting to note that in the early stages, the
concent of micelles met with sone resistance, before
accentance as can be rezlized from the following quotaticon

from ¥cbain (3).

so nove! was this findine that when in
1625 zome of the evidence for it was
pregente? to the Colloid Ccmmittee for
the sdvancement of Science in London,
it was diesmissed by the chairman, a
leadineg international authority with

the words, !"onsense MeBain.

The word micelle is used in a variety of ways.
Accordine to the VWebster Dictionary (4) for exasmple,
n micelle is a unit of structure built u» from

-

polymeric moleculies or ions £s:



a) an ordered region in a natural or synthetic

fibre (as of cellulose, silk or rayon).

b) 2 highly associated particle of colloidal
solution (colloidal micelles of scaps and

detergents) .

¢) an orrpanic colloidal particle ranging in
size from one micron to one millimicron and

found in coal and some shales,

In this work, definition (b) from Webster for micelle
is the only one relevant. It refers to aggregates of

amphivhilic electrolytes in aqueous solution.

Mumerous investigators have shown that micelle
formation begins or becomes anpreciable over a narrow
range of concentration of the surfactant in solufion.
The Internaticnal Union of Pure and Arplied Chemist
(IUPAC) Yanual of Symbols and terminology Aprendix II,

Part 1 (5) states that:

surfactants in solution are often assoclated
colloids, that 1s thev tend to form micelles,
meaning agzregatés of colloidal dimensions

existing in equilibrium with the molecule or

lons from which they are formed.

There is a relatively small ranece of concentration

separating the limit below which virtually no micelles



are detected and the limit above which virtually all
additional surfactants form micelles, This range

is known as the critical micelle concentration
(usually abbreviated as c.m.c.} The relatively small
range of concentration mentioned above is narrow
enourh, however to allow the critical micelle
concentration values teo be determined cuite precisely
in many cases. One of the most practicsl uses af the
(c.m.c) 1s in the calculation of the monomeric and
micellar concentrations. Bowever since micelles are
not generally strongly surface active, the practical
sirnificance of the (e¢.m.c) is that, it is the
equilibrium concentration where surface chemistry ends

and colloid chemistry besinsg according to Finze (6).

1.1.3 S8ize shape and structure of micelles.

Thourh there is a gencral agreement on the presence
of micelles in stronm solutions of surface active azents,
there 1s a disagreement as td thelr shapes, kinds and
mechanism of formation (1,7), Both “McRain (3) and
Hartley {2) sugmest different types of micellar structure.
McBain assummed two types of micelles., One is a snherical,
fully ionized micelle of not more than ten like ilons,
existing only in dilute solutions of the surfactants.

The other is a micelle with little or no ionic charge,
called lamellar micelle composed of alternate layers

of water and double smphipathic molecules and formed



above the (c.m.c). Hartley(Z), however propnosed yet

an undoubtedly simpler model, in which he believed

that the micelles are liquid and essentially spherical,
and that their interior anproximates the random
distribution of liguid paraffin, but with the hydrophylic
sud of the chain constrained to remain at the surface

of the micelle. Debye and Anacker,b(8) suarested that
neither a spherical nor a dise - shaped wmicelle is
formed, but rather a rod like micelle having the general

shape of a stack of coins ie what obtains.

The size, shane and charge of micelles have been
studied mostly by light scattering and diffusion
techniques. It is believed that the micelle is a
compact rouzhly spherical body with a liquid like
hydrocarbon core. These hydrocarbhon chains are.inside,
remote from the solvent and the polar head groups are
usually at the surface (or cutside) of the spherical

particle which is rcough.

Generally the shane and size of micelles depend on the
concentration, temperature and the molecular structure

of the respective surface active agent.

1.1.4 Solubilization,

Solubilization as defined by McBain and Hutchirnson
(7)) is a particular mode of bringing into solution

substances that are otherwise insoluble in a given mecdium,



1

involvine the previous presence of a colloidal solution
whose particles take up and incornorate within or upon
themselves the otherwise insoluble material, However

this definition does not take cognizance of what happens
in the colloidal structure when a third compnonent is
incorporated, The modern usage of the word sclubjlization
has 7iven it a more gzeneral meanineg, i.e. the preparation
of a thermodynamically stable isotrovic solution of a
substance normally insoluble or very slishtly soluble in

a given solvent by the introduction of an additional
amphiphilic component or components. Such a definition
encompasses dilute and concentrated solutions. Vhile
Hartley (9) vointed out that solubilization occurred only
above the (c¢c.m.c), Elworthy, et al, (10) sur~ested that the
increased solubility of a solubilizate in a surfactant
solution was due to some form of attachment of the
solubilizate to the exterior of the micelle or solution in
it. 8hinoda, (11) showed that the addition of solubilizates
tend to lower the critical micelle concentration.

Shinoda added that some of the factors that can affect

the amount of a given substance which.can be solubilized
include, polarity, polarizability, chain length, chain
branching, molecular size and shape etc. Klevens (12)
nointed out that in most cases, increasing the length

of the alkyl chain in a straight chain comnound or

substituents on a benzene ring decreases the solubility



in a surfactant solution and that unsaturated compounds
are more soluble than their saturated counterparts,
while cyclization results in enhanced solubility. In
most cases, however solubilization increases with

temperature.

Surfactants are used as soluPilizing agents -
primarily because they form ternary comnlexes with
metal ions and chelometric dyestuffs, which are
sensitive In spectronhotometric analysis, FSurfactants
can solubllize a number of solutes which are otherwise
insoluble or sparingly soluble in the bulk solvent,
As a result of this, surfactants used in micellar system
possess a unique feature and pronerty that should be
amenable to analytical system and hence are very
useful in helping to overcome many of the potential
analytical problems e.g. eolubility problems of
reaquired analytical reapgents, slowness of analytical
reactions, problems due to undesirable side attractions
and lack of sensitivity or selectivity of spectral methods,
And since conly very small amounts of surfactants are
used, there will be essentially no loss in sensitivity

due to dilution.

1.2 ANALYSIS OF METALLIC ELEMENTE,
A larme number of reagents and methods are known
for the determination of nieckel, copner(II), aluminium

end chromium., Some of the methods and reagents are



commbn to the four ions (13-16). The determination of
nickel in steel is generally based on its separation

as the dimethylrlyoximate and the subseguent
determination by direct weighing or volumetric or
photometric methods. Similarly conper can be determined
gravimetrically as Copper(lIl) thiocyanate after
reduction to Coonper(I) by hydrogen sulprhide., Since

the classification of analytical methods is based on

the final measurement step in the procedure, some of

the standard methods that have been used 1n the
determination of metallic elements include: gravimetric,\j
volumetric and physicochemical methods, Incidentally,
since some of thesé methods are mostly used for bulk
determinations, they cannot be used satisfactorily to
estimate trace or minute guantities of metal ions, The
methods that are reliable in the determination of trace
amourts of metals are therefore discussed in detaills

below.

1.2.1 Colorinetric methods.

This is a branch of guantitative analysié in
which the quantity of a coloured constituent is.l
determined by measuring the amount of light passing
through the solution of the constituent, A4 colorimeter
is ofteﬂ used. Tn this method, the substance to be |
determined is converted to some compound ﬁhich imparts

to its sclution a distinct colour, the intensity of
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L

which varies in provortion to the amount of the compound

in solution. Two types of constituents are engountered.

(2} The constituent itself may be coloured and
can thus be determined directly e.r. the determination

of permanganate ion.

(b) The constituent may be caused to react with a
substance to form a coloured compound e.g. the
determination of cooper(II), after its reaction with

ammonia to form a deep blue complex ion,

Colorimetirc methods are in general restricted to the
determination of very small cuantities of metals. The
following terms are in common use in colorimetric

measurements,
. I
T * T LI A ) (_1 - 1)

=2 veen (1 - 2)

where, T is transmittance of solution, I 1s intensity
of light transmitted, I0 is intensity of incident light

and A& 1s absorbance.

1.2.2 Spectrophotometric methods,

These measure the amount of nearly monochromatic
light transmitted byfan absorbing medium. Desgired

range of wavelengths is often used e,g. the ultraviolet
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and visible regions. A spectronhotometer is often used,
From a qguantitative view noint, spectrovhotometric

methods have certaln advantages over colorimetric methods.

(a) They permit easy selection of optimum waveleungths
for comparison ond it is possible to determine more

than one comoonent in a sinsle compound.

{b) They are more sensitive and permit the determination

of microgram quantities in manhy cases.

Usually in gpectrophotometric methods, a curve is

nlotted to show the relations between the wavelength

and absorbance or bhetween concentration and absorbance.
f. :
Spmectrophotometric methods are remarkable for their !
versatllity, sensitivity and precision. A very

extensive rance of concentration of absorbing speciles

may be covered usually from macrocuantities to traces,

1.2.3 Sensitivity of swectronhotometric methods.

Strictly speakine, sensitivity refers to the slone
of a calibration curve. The acceptable numerical
expression of the sensitivity of srectronhotometric
methods is the extinction coefficlent or molar
absorptivity (e) at the wavelength of maximum absorbance

(lmax).‘ Usually (e} is represented by the eauation,
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(e) = E%T be (1l « 3)

where A 1s absorbance, ¢ is concentration (mole/l),
1 is path length (cm). and (g) ics expressed in

1.mole™t cm'l.

For wery sensitive spectrophotometric method {e) is

usually very larse and sometimes greater than 1 x 104

1.m01e"1 cm“l. The sensitivity of spectrophotrnetric
methods 1s sometimes discussed in 1:_|.terature s terma
of the smallest concentration of the abscrbing
substance that can be reliably determined i.,e. the
lower limit of determination. 1In such cases,

additional information should be given e.g. the solution

volume, path length of cuvette, type of Instrument etc.

1.,2.4 Selectivity of spectronhotometric methods.

According to the definition recommended by the g o
Analytical Division of IUPAC, a rearent which reacts -
with a limited number of elements is considered tq be X
selective. A4 reapent may be called specific if it gives

a reaction with only one element in certain circumstances,
Accordingly one may speak of selective and specific
specirophotometric methods. The selectivity of colour
reactions and the corresnonding spectronhotometric

methods depend on; the nature of the reagent used, the
oxldatlon state of the element, the pH of the medium

as well as the nature of the comnlexing agent used to

mask interfering ions.
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Since there exists rather few specific reasents and
reactions, the seclectivity of most methods is improved
by choosing a suitable pH for the rceaction medium,
With some spectrophotometric methods the most suitable
nH range is rather narrow owinzy to the nature of the
colour reaction and or the effect of other 1ioms.
Increased selectivity of spectrophotometric methods is
obtained mainly by masking the interfering ions, The
measurement of the absorbances of two coloured
complexes at different wavelengths lead to enhanced

selectivity.

1.2.5 Colour systems used in spectronhotometry.

Almost all the colour systems used in spectronhotometric
methods involve complex formation of some kind (17). The
larpgest eroup makes use of the bifunctional organic

reagents to form chelate comploxes with metal ions, e.o,

dithizone oxine



Another groun uses organic reagents to form water
soluble anionic or cationic chelate complexes with
metal ions. These reagents have hydrophilic eroups
in their structure, usually the sulvhonic acid grouns,
These include the triphenyl methane reagents e,r.

nyrocatechol violet,

OH

OH

Ao
A

@ S0, H
i

It forms intensely coloured complexes and provides the

basis of sensitive spectrophotometric determinations of
a number of metals. The xanthene reasents also belong
to this groun e¢,z. bromopyroeallol red(BPGR) or pyrogallol

red (PCR).

OH
OB\
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These reagents undergo sitepwise dissociation and change
their colours according to the nE nf the medium., They
react with many metals to form chelate complexes, The
metal-indicator complexes are usually one to one, but

occasionalliy one to two (18) complexes may be obtained,

1.3 SURFACTANTS IN TRACE METAL ANALYSIS

Most of the analytical work done using surtfactants
and micellar systems concern their application to |
UV-Visibkle absorrtion smectral methods, particularly
those involving metal ion determination. Though fairly
new, the use of micellar syst-ms in atomic absorption
spectroscony (AAS), fluorescence, analytical phosphorinetry
and electroanalytical techniques e.g, polarography have
been recognilzed and amply documented according to Hinze
(6). For oguite some times it has been known that acid
base indicators have altered their colours in the
ﬁresence of micelle forming determents. Studying the
effect of anionic, cationic and non-ionic detergents
on a large number of dyes )Bartléey (12) found that the
greatest colour change occurs when the charge on the
detergent micelles is onnosite to that of the indicator
ion. Typrical among the already reported studies of
binary complexes of metal chelometric indicators are
the reactions involving the triphenyl methanes e.g.

catechol violet (€V) and Xylenol orange (20) for the
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determination of chromiuwa. Other azo dyes have been
sugrested for the determination of zinc e.z. xXylenol
orance (21) and methylthymol blue (22), €imilarly,
the metal-chelometric indicator reaction between
Bi(IITI) and (X0, (23) had been investigated by
spectrophotometry. A characteristic of this binary
complex is that it absorbs strongly in the visible
recion (550 + 69nm), Of course in the determination
of aluminium, methods using (X0), methylthymol blue
as well as the structurally related (PGR) have become
nonular thoush their sensitivity is rather low. A
considerable enhancement of sensitivity is obtained
when the ternary complex of aluminium with (XO) and
(CTAB) is formed (24). Though the method of the
determination of metal ions involving their complexation
with chelometric indicators have become ponular, the
beneficial effects produced by the addition of
surfactants have been found to be very significant,
Over the last three decades there have been a large
number of reports of such surfactant and micellar
improved UV absorption methods for the determination
of metal jons, The absorbance of the ternary complex
is often directly propvortional to the metal ion
concentration over a measurable concentration ranpe,
The addition of surfactants has a dramatic effect

upon these methods and systems especially:
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(i) it results in many cases to marked colour changes.

(ii) the addition of metal ions lead to the formaticn

cf intensely coloured complexes over a wide pH range,

(iii) bathochromic shift is observed for the ternary

complex, which helns to lesson smectira overlap problems.

Consequently the micellar improved methods are better
than the ordinary methods notably since they show
greater sensitivity, better selectivity, improved
precision and repreoducibility as well as an extension

of pH range, where complexes can be formed,

Even though Svoboda and Chromy (25) have described the
use of xylenol orange (XO0) in conjuction with long

chain surface active agents as a genceral colour reaction
for many metal ions, guite recently, the binary metal
ion complexes of orranic dyestuff e.¢. Xylenol orange
(X0) have been sensitized by the addition of lonz chain
cationie gurfactants e,g. (CTAB) (26)., This mode of
reaction is considered to be generally aprnlicable and
cne of the most sensitive methods available for
spectrophotometric determination of many metal ions,
Dagnal, et al (27) reported that the use of ternary
complexes as indicators in visuél titration should
prove very useful and give a more distinct end point,
because of the relatively larre shift in the wavelength
of maxXximum absornption, By means of nhotometric titration

and method of contincus variation, Bailey, et al (28)
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showed that the Sn(IV)-CV-CTAB comnlex has a
stoichiometry of 1 to 2 to 4. Aston et al (29)
investigated the ternary system of Su-CV-CTAE and
Sn-CV-brillieant green (C27H34N204F) and reported that
(CTAB) serves as a counter cation as well as a
dispersant. A sensitive spectrophotemetric method

has becn developed for the microdetermination of
Uranium(VI). This is based on the formation of a

blue ternary complex with (PGR) and cetyloyridinium
chloride. Kumar,et al (30) on investigating this
ternary system reported a complex of composition

U022+ + (PGR),(CPC),. Ouite recently, Abii (31)
developed a very sensitive snectronhotometric method
for the determination of nickel, She reported presence
of binary complexes of XO-CTAB at pH 10,5 with the
mole ratios of 1:2 and 1:6 respectively, In the
presence of nickel nossibility of formation of ternary

complexes of Ni{XCG(CTAB) and Ni{IO(CTnB)e§4 respectivelv

214
has been revported,

The use of caticnic surfactants to obtain better
conditions in mclecular absorption snectrophotometry
based on the formation of ternary comnlexes with cations
and orsanic dyes has therefore been a useful innovatiorn
in Analytical Chemistry,

Conscquently the present studies were undertaken

in order to explore the analytical imnortance of such

colour reactions, especinlly the attendant bathochromic
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shift, the increase in sensitivity, selectivity and
extinction coefficient. Attemnts were made to optimize
the reactions, i.e. determine the time for stable
colour formation, the wavelenpgth of maximum absorption,
the stoichiometry of binary and ternary complexes and
the ontimum range of concentration of the absorbing

species over which Beer Lambert law is obeyed,

Some preliminary studies were undertaken to
find out which of the three chelometric indicators
namely, opyrogallol red (PGR), catechol viclet (CV)
and ga'lein (C20H1207) had any specific interaction

with any of a variety of metal ions e.gz. Co~ N12+, Aot

“0a?t, we?t, crdt, Ba?t, me?t, sr?* and cu?t,

Zn
It was observed from this auxiliary studies that there
was a specific interactiocn between Zn-PGR, Cr-PGR as
well as Al-CV and Cu-CV, By specific interaction it

is meant that there was a wavelength of maximum
absorption (lmax)’ incerease in absorntion with increase
in metal concentration etc. Since (CTAB) had been
successfully used with (X0) In this laboratory. It

was decided to investigate its effect on these binary

complexes,



CHAPTER 2
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2.1 STUDY OF PYROGALLOL RED.

2.1.1 pPreparation of solutions:

(1) Pyromallol red (PGR) (CygH;,048), (4 x 107°u)
0.01802¢g of pyrogallol red was dissclved in distilled
deionized water and made up to 100cm3 in a standard

volunetric flask,

(11) Sodium hydroxide (10™2)
10g of sodium hydroxide was dissolved in distilled
deionized water and made up to 500cm3 in a standard
volumetric flask. 2cm3 of this solution was measured
with a pipette aﬁd made up to loﬂcm3 in a standard flask

to obtain the required 10"2%4 solution.

(111) Eydrochloric acid (IOFEM)
Standard HCl solution in ampoule was appropriately
diluted with distilled deionized water in a standard

flask to obtain a IO'ZM solution.

2.1.2 Potentiometric titration of acueous solution of

pyrogallol red with sodium hydroxide and
hydrochloric acid.

2.1.2,1 Method:

3 "'"41.\9

2cm” of the stock solution of pyrogallol red (4 x 10

was accurately measured into a 50cm3 standard volumetric

3

flask and made up to the 50cm™ mark with distilled deionized

water. The solution was poured into a 100cm3 beaker and
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titrated potentiometrically with NaOH or HCl using a
PW 9418 Philips PYE Unican pH meter. A plot of pH
against the equivalents of scodium hydroxide or hydrochloric

acid was made in fig. 2.1,

2,1,2.2 Results and Discussion:

From the pH ot 4.40 obtained, it is evident that
aqueous untreated pyrogalleol red solution is essentially
acidic, The jonization steps during interaction with a

base in an aqueous medium is as shown below.

OH OH

OH OH

Since it readily releases a proton to a strong hase
the titration curve shows an initial steep rise in pH, on
the addition of 10'2M NaOH. The potentiometric titration
curve indicates that the aqueous (PGR) solution was not
maximally buffered until around the pH of 10.0. Similarly

in the acid range, buffer effect was not noticed until at

pH of about 2.2,
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M.



23

2,1,3 Spectrovhotometric study of aqueous solution
of pyrogallol red at different oH.

2.1.3.1 Method:

3

2em”® of the stock (PGR) solution (4 x 107%M) and

2M NaOH were mixed in a standard 500m3-.

30cm° of 10
volumetric flask and made to the mark with distilled
deionized water. The absorntion swectrum of the solution
was determined using a Unicam SP 1750 UV spectrophotometer.
The pH of the solution was also ftaken after 30 minutes

of preparation. This study was repeated with the same

concentration of (PGR) but,

(1) different volumes of the 10™2M NaOH solution
or

(ii) different volumes of 10*2M HC1 sclution.

1 2.1.3.2 Results and Discussion.

A plot of the different absorbances against
corresnonding pH values is shown in fig 2.2, Also a
plot of the kmax of the absorbance of the solutions
against pH is shown in fig. 2.3. The absorbance is
guite high at pH 10,5 and tends to increase at higher
pH values. On fig. 2.3, in the alkaline region and
above pH 10,0, the lmax is fairly constant. The scoluticn
was also resistant to pH changes as seen on fig. 2.1,
However in the acid rezion, the imax decreased

gradually as the solution became more acidic.
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For the purpose of the studies reported therefore,
the alkaline range pyg 10.5 was chosen because,
(1) the absorbance 1s reasonably high.
(ii) the solution is highly buffered against
pH changes, and

(311) the Apmgx remains reasonably constant.

2.1.4 Effect of concentration of NaHCO./NaOH buffer
(pH10.5) on the absorbance of pyrogallol red.

2,1.4.1 geégents.
 NaHCO,/NaOH buffer (32) at pH 10.5. (2.5 x 1072m)
500cm> of 5 x 107°M NaHCO, (4.2g/1) and 178em® of

0.1M NaOH [4g/1] were mixed together and diluted with

distilled deionized water to 1000cm3 in a standard

|
volumetric flask, '

2,1,4.2 Method,

Investigation of the ﬁavelength of maximum absorbance
of pyrogallol red and the determination of the amount of
buffer required for maximum buffer action were carried
out. In this, 2cm3 of 4 x 10_4M pyrogallol red was
accurately measured into a 5(}cm3 standard flask, 2cm3
of buffer pH10.5was added and the mixture was made up
to 500m3 with distilled deionized water in a standard
flask. Other similar solutions were prenared using the

same volume (2cm3) of 4 x 107 pyrogallol red, but

different volumes of the stock 2.5 x 10-5M buffer solution.
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The UV absorbance of each solution was taken at the
wavelensth of maximum absortance for each solution usinr

10mm quartz cells, and distilled deionized water as reference

The pH of each solution was also determined.

2.1,4,3 PResult and Discussion,

The table below shows the pH, the wavelength of
maximum absorption and the absorbance for the solution

prepared,

Volume of (2.5 x 10™9M)

3 nH nax Absorption
Carbonate buffer (cm™) : Coin) et Apix
o 9.85 458 0.255
4 10.05 456 0.230
¢ 10.15 456 0,233
0 10.30 456 0.231
15 10,40 456 0.220
20 10,40 456 0.247
25 10,50 456 0.256
30 10,50 456 0.246
35 10,50 456 0.224

Table 2.1: Variation of nH and absorbence of
acueous (PGR) solution with increase

in buffer concentration,
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Aqueous alkaline pyrogallol red (nf10,5) has a
wavelength of maximum absorption of 456nm. Also from
table 2.1, about 25cm” of the stock NalCO,/NaOl buffer
(2.5 x 10'25) was required to effectively buffer the
reaction medium against pH changes, 250m3 of stock
NaHCOSINaOH buffer was therefore used in subsecquent

studies,

2,1.5 1Investigation of Beer-Lambert law for aqueous

oyrogallol red solution.

2,1,5.1 Method.

0.500m3 of pyrogallol red (4 x 10_4M) solution wasg
accurately measured into a 5Ocm3 standard flask. 25cm3
of buffer oH 10.5 wvas added and the mixture made up to
500m3 with distilled deionized water. Other solution
mixtures were prepared with different volumes of (PGR)
and 25cm3 of the buffer., The UV absorbance of each
solution at 456nm was rccorded after five minutes of

mixing when the absorbance characteristics were steady.

2.1.6.3 Results and Discussion,

A plot of absorbance against concentration is shown
in fig., 2.4. The absorption of the aqueous (PGR) sclution
at pd 10,5 obeyed Beer-Lambert's law at very low

concentrations i.e, below about 2.4 x 10‘5q of the

3 =

indicator. As & result of this 2.5cm” of the 4 x 107 M
stock, (2 x 1079%) of (PGR) i.e. 2 x 107N experimental

concentration was used for subsequent studies.
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2.2 INTERACTION BETVEEN PYROGALLOL RED AND ZINC OR
CHROMIUM (IIX) ICNS.
2,2,1 Rearents,

Aprropriate quantities of the analytical grade of
the metallic salts Zn(N03)2.6H20 or CrC13.6H20 were
dissolved in distilled deionized water in a 5000m3
standard flask and made to the mark, and kept as primary

- of the above stock solution (104ppm) was

stock, lem
accurately measured into a 100cm3 standard flask and
made to the mark with distilled deionized water to obtain
a solution of 100ppm of Mn+, referred to as a secondary

stock solution for the experiments that follow.

2.2.2 Interaction of (PGR) with Zn2+:

2,2.2.1 Method,

2.5cm° aliguots of 4 x 107y agueous (PGR) solution
were accurately measured into different 50cm3 standard
flasks., 250m3 of the stock bicarbonate buffer pH 10.5
was added to each flask followed by different volumes
of the 100ppm an+ solution. Each solution was made up
to the mark with distilled deionized water. The
wavelength of maximum sbsorbance and the corresponding
absorbance value for each solution were determined usin~
the UV snectrophotometer. The reference was the
buffered indicator solution of the same strength as the

experimental solution but without the zinc ions. One

hour of waiting was allowed for each solution before
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spectra reading were taken, based on the results of an
auxiliary kinetic experiment showing constant absorbance

characteristics after about one hour of mixing the

reanents. The exneriment was repeated using 1.5cm3,

3

dcm® and 5cm” of (PGR) solution,

2.2,2.2 Results and Discussion.

The aqueous PGR-Zn°' system of oE 1C.5 has 1ts
waveleneth Of maximum absorprtion at 520nm. A plot of
the absorbance against concentration for the system at
this xmax is shown in fig. 2.5a. Beer-Lambert law is

6y zinc when Z x 167°M (PeR)

5“

obeved below about 2.2 x 10
iz used and below about 1.2 x 10”2 zinc when 3.2 x 10~
(?5R) is used. The extinction coefficient of the gystem
increased with increase in (PCGR) concentration as shown
below. This suggests that the system tends to be more
sensitive for the determination of zinc at hircher
concentrations of (PGR). However the concentration of
{(PAR) required for optimum sensitivity apneared not much

hicher than 4.0 x 10‘5m.

Concentration of Extinction coerfficient
(PGR) used x 1074 (1. mote™! em™}) x 107%
1.2 7.62
2.0 10.78
3.4 13.06
4.0 . 13,66

o
Table 2.2a Extinction coefficient of Zn“ at different
(PGR) concentrations,
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2.2,3 Interaction of PGR with Crs*

2.2,3.1 Metheod.
2.50m3 aliguots of 4 x 10“4M agueous (PGR) solution
were accurately measured into different 50cm3 standard

3 of the stock bicarbonate buffer pH 10.5,

flasks. 25cm
was added to each flask followed by different volumes

of the 104ppm Cr3+ solution greater than 2.5cm3. Each
solution was made ur to the mark with distilled delonized
water. The wavelength of maxXximum absorbance and the

corresnonding absorbance value for each solution were

determined using the UV spectrophotometer. The reference

—

was the buffered indicator solution of the same strength
as the experimental solution without chromium ifons. The
spectra reading were taken after 15 minutes of mixing
the reagents when the absorbance characteristics were
constant., This time of waiting prior to absorbance
measurement was established in an auxi{ynw' kinetic
experiment. The experiment described was repeated using

3

1.5cm3, 4cm” and Sem> of (PGR).

2.2.3.2 Results and Discussion.

The agueous PGR - Cr3+ system at pHE 10.5 has its
wavelength of maximum absorption at 414nm. A plot of the
absorbance against concentration for the system at this

hmax is shown in fig. 2.5b. Below S00ppm, the solutions

did not show any X bence the absorbances were not

max'’

recorded, However, there 1s a linear relationship



34

Li4 nm

al

Absorbance

o
A
e
=
- A
-0k )
0-5¢
®
M A 1 1 i I 1 i 1 =
0 5 10 15 20 5 30 15 %0 L5 50 X102
(Cr2*] ppm ‘
Fig- 2:5b Beer—Lambert's low calibration curve for PGR—Cr3' complex
(o) [PGR] = M.Ox:ulw M (@) [PU)=4-0x ._OImmI
(8) [PGR] = 3-2x107°M (A) [PGR]=1-2x10™M
a . . a -



35

between 600prm and very high concentrations up to about

3500pmm investigated.

The extinction coefficient for the system was
calculated and showvn below, The extinction coefficient
increases with increase in [PGR) until a maximum was

reached when 3,2 x 10"5H (PGR) was used.

Concentration of Extinction coefficient
(PGR) used x 10°M 1.mole™t em™?

1.2 16.64

2,0 18.23

3.2 18,94

4,0 17.53

Table 2.2b Extinction coefficient of Cro' in

PGR - Crot at different (PGR)

concentrations,

2,3 DETERMINATION C¥ THE OPTIMUM CONDITIONS FOR
PYROGALLOL RED (PGR) AND CETYLTRIMETHYL AMNMONIUM
BROMIDE (CTAB) INTERACTION.

2,3.1 Rearents,

Cetyltrimethyvlammonium bromide {CHB(CH2)15](CH3)3NBr
(CTAB), (4 x 10™ %)

0,1457¢ of (CTAB) was accurately weighed and dissolved
with distilled deionized water and made to the mark in =2

IOOOGm3 gstandard flask,
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2,3.2 Hethod.

3

3.5cm> of 4 x 107w aqueous (PGR) solution was

accurately measured into a 50cm3 standard flask, 25cm3

of the stock bicarbonate buffer at pH10.5 was added
followed by 1cm3 of 4 x 107y (CTAB). The mixture of
solutions was made to the mark with distilled deionized
water. The wavelength of maximum absorption and the
ahsorbhance were determined using the UV snectrophotometer,
and buffered indicator solution of the same strenpth
without (CTAB) as reference. The experiment was carried
out using different but increasing volumes of 4 x 10"4M
(CTAB), and various volumes of stock (PGR) solution
between 0.5 and 4.0cm3. All the UV absorption measuranents

were made 10 minutes after mixing the reagents

when the absorbance values remained constant.

2.3.3 Results and Discussion,

The agueous CTAB -~ PGR system at .pH 10,5 had its
wavelength of maximum absorption at 530mm. A plot of
the absorbance against concentration of CTAB) in the
solution at Anax is shown in fig, 2.6a. Each of the
curves has two segments. The composition of CTAB - PGE
at the point of intersection was calculated in each case

by the mole ratio methods.



37

Absorbance at 550nm

010

0-05

& J
—aA
L ©
X
0 2 A 5 8 10 12
[CTAE] x105M
Fig 2-6a Variation of change of [PGR] at 550nm with [CTAH]

(A) [PGR] = 2x10°M

@) [BGR]= 28x10M

(X) [PGR]= 6x10"M
©) [PGR] =12 x10°M



38

Concentration of Concentration of Mole ratio of

(PGR) used x 10° (CTAB% at intercent (CTAB) /{PGR)"" *H1
x 10
2.8 7.2 2.57
2,0 4.8 2.40
1.2 3.2 2,67
0.6 2.4 4.00

Table 2.3 Mole ratio of (CTAB)Y/{PGR} for specific
interaction gt different (PGR)
concentrations.

From table 2.3, the last value of mole ratio is
clearly much higher than the rest. The averape of the
remaining three values was found to be 2,556, Aflso the
gradient of the straight line plot in fig. 2.6b of
the concentration of (CTAB) at the point of maximum
absorbance agalnst concentration of (PGR) used for the

first three points ie 2,586,

The effect of the concentration of CTAB) and (PGR)
oh the absorbance of PGR ~ CTAB system was further
investigated keeping the mole ratio of (CTAB)/[PGR]
at 2.6. The results are presented in fig. 2.7. From
the slope of this graph, the extinction coefficient

of the CTAB - PGR system was calculated to be 9.38 x 1031.

m::’le'l cm'l at Xmax of 550nm., The extinction coefficient

for aqueous alkaline (PGR) pH.10.5 was determined to be
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7.14 x 10° 1amole™r. em™t

from fig. 2.4 at lmax of 456nm,
Hence the addition of (CTAB) to acueous alkaline (PGR)
nroduced a bathochromic shift of about %94nm from 45€nm
to 550nm. The mole ratio of [CTAR}/[PGR] to produce

this bathochromic shift is 2.6 with a molar concentration
of (PGR) above 1 x 1074, There is a marked increase

in the extinction coefficient of aqueocus alkaline (PGR)
solution at r¥ 10.5 when (CTAE) is added. This

increase in extinction coefficient indicates an

appreciable increase in the sensitivity of the method

in determining the concentration of (PGR) in the solution.

2.4 STUDY OF THE 4™ _DGR-CTAB SYSTE'.

2.4.1 The Zn-PGR-CTAB system,

2:.9.1 .1 Method .,

2cm3 aliquots of aaueous (PGR), (4 x 10'41) solution
were accurately measured into different 50cm3 standard
flasks. 25cm3 of the stock bicarbonate buffer solution
pE 10,5 was added to each flask followed by 5.2cm3 of
4 x 10"4m (CTAR) solution and different volumes of the
100 nmm Zn2+ solution. The solution mixture in the
flasks were made unp to the 50cm3 mark with distilled
deionized water. The UV snectrum of the bluish-violet
solution was taken at the wavelensth of maximum
absorption usineg a reagent blank as reference containing
the same concentration of both (PGR), (CTAB) and buffer as

in the exnerimental solution., The UV spectrum of each
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solution was taken as soon as mixing was completed.
The molar concentration of (CTAB) was varied but

keeping the {CTAB)}/(PGR] at 2.6,

2.4,12 Results and Discussion

The plet of the absorbance against the concentration
of zinc in the Zn - PGR - CTAB system is shown in fig.
218.

It was found that the wavelength of maximum
absorbance increased with increase in the molar
concentration of (CTAB), It is interesting to note
that from the shape of the graphs, that there are
two distinct sets of lines, an uprer set and a lower
set which probably indicates the formation of two
types of comnlexes.

FYor the lower set, the detecticn limit of an+
was between 7.65 x 10~ and 1.6 x 10™°M whereas for
the uprner set, much lower concentrations, below
6.1 x 10"6H could be detected. Furthermore at kigher
(PGR) concentration (u»nner set) there is a marked
increase in absorbance. This would lead to a much
higher sensitivity in the detection of very low zinc
concentraticns, With the lower set there is a remarkable
decrease in the absorbance which suggests that it might
be used for determining hizher concentrations of zinc

and over a wider ranese of Zinc concentrations than

could be carried out with the uprner set.
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Fig. 2.9a shows a linear increase of wavelength of
maximum absorbance of Zn - PGR - CTAB complex with molar
concentration of (PGR) using a blank of 2.6 mole ratio
of {CTAB}/{PrR). From the slope of the lines in fig. 2.8,
the extinction coefficlient of the respective Zn-PGR-CTAB

complexes were calculated and are shown in table 2.4,

Concentration of Extinction coefficient
(PGR) x 10 (1.mole™! em™) x 1072
0.8 4.00
1.6 4,90
2.4 14.40
3.2 15.40

Table 2.4. Extinction cocfficient of Zn2+ in

Zn - PGR - CTAB for the different (PGR)
concentrations.
From the plot of extinction coefficient against
the concentration of (PGR) used in fieg. 2.9b, the
molar comnosition of the Zn - PGR - CTAB complex was

calculated as follows:

The point of deflection of the upper set of lines
in £1g. 2.8 corresponds to 0,45ppm of Zn2+. This is
equal to €.88 x 10“6M of zinc, This corresponds to
3.2 x 105% of (PGR) as seen in fig. 2.9b, at the point
of maximum and constant value of the extinection

coefficlent,
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-5
Therefore {Psgl _ 8.20x 10 Gu
(Z2n“") 6.88 x 107
= 4.85

Thus the molar ratio of (PGR}/{Zn2+] is 5, giving a
formular, Zn(PGR), or its multinle.
Similarly, at the point where the extinction coefficient

1s smallest and constant,

(°GR)  _. 8,00 x 1078
(zoZ') 1.68 x 107
= 0.50

The formular for this complex is ZnZPGR. Congiderinng the
specific {CTAB}/{PGR} ratio of 2.6, the stéichiometry

of the Zn - PGR - CTAB complex at the highest extinction
coefficient is calculated as Zn'(PGR)4(CTAB)10 , while
for the lowest value of extinction coefficient it is
ZnQ(PGR)z(CTAB)s.

The use of (CTAB) in the determination of Zn2+ in

the presence of (PGR) causes a bathochromic shift of at
least 10nm where extinction coefficlent is smallest,

and a value of at least 50nm with the highest value of
extinction coefficlent. Apart from an 1lncrease in the
absorbance values, which depicts an Increased sensitivity
of the method, there is also an enhanced extinction

coefficient when (CTAB) is added, because 1n the absence
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3

of (CTAB), the extinction coefficient was 12,74 x 10%1.

mole™t em™), while it was 15.40 x 10°1. mole™! cm™t

'SM (PGR) was used,

when (CTAB) was added when 3.2 x 16
The results also suggest a possibility of two types of
complexes exXisting, possibly at different concentrations

of (PGR).

2.4.2 The Cr - PGR ~ CTAB system,

2.4.2.1 Method.
dem® aliquots of agueous (PGR), (4 x 10_4M)

solution were accurately measured into different 500m3

standard flasks, 250m3 of the stock bicarbonate buffer
solution, pH 10.5 was added to each flask, followed by

3

10.4cm” of 4 x 10"4M (CTAB) solution and different

volumes of the 104ppm Cr3+ stock solution, The solution
mixture in the flasks was made up to the 500m3 mark with
distilled deilonized water. The UV spectrum of the
deep green solution was taken at the wavelength of
maximum absorption using a reagent blank as reference
containhing the same concentration of both (PAR), (CTAB)
and buffer as in the experimental sclution. The spectra
readings were taken zafter 15 minutes of mixing the
reagents when the absorbance characteristics were
constant, ‘

3

The experiment was repeated using 3cm3, 2cm and lem

of (PGR), but keeping the [(CTAR)/{PGR] ratio at 2.6.



49

%4,4,2,2 DBesults and Discussicen,

The Cr-PGR-CTAL system had its wavelensth of
maxirmum absorption at 572 nm. A plot of the absorbance
apgaingt the concentration of chromium in Cr-paR-CTAL
at the Anax is shown in fig. Z2.13. Ffimilarly as in

the Cr-FTIR system, there is no Am for the solutions

ax
telow 50Cohrm of Cr3+, hence there is ne lilnear
relationshin between concentration and absorbance, The
absorbance values are much lover for this system than
for the Cr-™R system, section 2.,2.3., Consequently the
extinction coefficient is much lower for the Cr-"GR-CTAE
than for the Cr-T™iR gystem. However there was a
rathochromic shift of about 58nm in the hmax of Cr-Iih
as (CTAB) was added. The low extinctior coefficients
rrobably suggest that this is a rather insensitlve method
for the determination of chromium, thoush the bathochromic

shift miskt he an asset in iderntification of Cr3+ in

the nresence of (PrR) and (CTAR), esnecially in the

nresence of some other metals. The extinction coefficients

are shown 1n table 2.5,
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Concentration of Extinction coefficient
(PGR) x 105M l.mole'1 cm“'1
0.8 13.50
1.6 14,20
2.4 14,75
3.2 15,563
a+

Table 2.5 Extinction coefficient of Cr for
different (PGR) concentrations in the
presence of (CTAB),

2.5 INTERFERENCE STUDY
The selectivity of the methods described in sections
2.4.1 and 2.4.2 for zinc and chromium respectively was

investigated by separate determination of 6,10 x 1075+

zinec and 1,92 x 10"2

M chromium cach in the presence of
Al, Cd, Co, Cu, Fe, Mg or Ni. The effect of the chloride
anion was tested on zinc by using analytical grade zinc
chloride, ESimilarly the effect of the nitrate anion

was tested on chromium using chromium nitrate.

2.5.1 Zinc interference study.

BM zine as zinc nitrate

The absorbance of 6,10 x 10~
in the Zn - PGR - CTAB system was determined at 560nm
uging the method described in 2,4.1.1, This was
repeated in the presence of Al, Cd, Co, Cr, Cu, Fe, My

or Ni, as interferinr lons taken one at a time in

varying molar concentrations relative to zine.
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The change in the absorbance of Zn - PR - CTAB due to
the presence of each of these metals was determined and
taken as a measure of interference, It was expressed as

a nercentapge of the absorbance due to the pure Zn -PGR-CTA

aystem tlone..‘- The results are shown in table 2.6,
n+ N

ron added %2;2%} Absorbance Inter;erenoe

ZglgnEGR‘- CTAB system 0.045 a
cu?* 1 0.035 -22.22
co?* 1 0.097 115.93
reo* 1 0.063 40.63
N2 1 0.097 . 115.93
p13* 1 0.077 71.11
crd* 1 0.026 -43.33
Mg <Y 1 0.123 174,22
ca?* 1 0.076 68,88
Cl1 (as ZnCl,) 1 0.085 89.33

Table 2.6 Interference (%) of some ions in the
determination of zinc using (PGR) and

(CTAB) as reagents,

The results show that all these metals interfere
seriously in the determination of zinc. No attempts
were made in the present study to mask these interfering

ions, - - In the case of chloride ions which had
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very serious interference, the method described in
2.4.1.1 was repeated using analytical grade zinc
chloride instead of the nitrate. The results are

shown in table 2.7,

imax Extinction coefficient
System
(nm) 1.mole™t em™! x 1073
Zn(N03)2/PGR 520 10,78
Zn(NO3)2/PGR/CTAB 560 4,94
ZnClszGR K22 10,95
ZnCl,, /PGR/CTAB 580 10,32

Table 2.7 Extinction coefficient and Amax of the
chloride compared with the nitrate salts
cf zinc,

From table 2.7, the extinction coefficient for
the chloride salt is higher than that of the nitrate
salt both in the presence and absence of CTAB., This
might he due to the fact that, in the competition for
PGR  ions by 70> ion, the later, from the 7nCl,
interacted more with PGR™ ions than the Zn>' ions from
Zn(N03)2 since the anionic size of nitrate is bigger
than that of the chloride and could nroduce a steric
effect, In the presence of (CTAB) this is even more

prominent.,
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2 Chromium interference study.
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The absorbance of 1,92 x 10"2M chromium in the

Cr - PGR - CTAB system was determined at 572nm using

the

method described in 2.4.2.1., This was repeated

in the presence of some metal ions in varyineg molar

concentrations relative to chromium,

The chanre in absorbance of Cr -~ PGR -~ CTAB system
due tc the nresence of each one of these foreign ions
was determined and taken as a measure of the interference
and expressed as the percentage of the absorbance
due to pure Cr - PGB -~ CTAB system alone, The results
are presented in table 2.8,
+

Ion added {Mn )} Absorbance Interference

[Cr3+} at 87 2nm (%)
Cr-PGR-CTAB system alone - 0.29% -
ca?* 1 0.328 11,19
co?t 1 0.333  12.88
Fe3r 1 0.298 1.02
reo 2 0.256 -13.02
At 1 0.353  19.66
cu?? 1 0.305 3,39
cu?? 2 0.336  13.97
Mg2* 1 0.306 3.97
Mg2+ 2 0.360 22.17
zn2* 1 0.236 -19.72
NiZt 1 6.302  32.38
Nog(as Cr(N03)3) 1 6.520 76,21

Table 2.8

Interference (%) of some ions in the

determinatior of chromium using (PGR)

and (CTAB) as reagents.
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The results show that iron{III) has little interferencc
and copper causes some interference while all the other
ions interfere seriously in the determination of
chromium by the method described in 2,4.2., 1In the case
of pnitrate that had serious interference, the method
described in 2.4,2 was repeated using analytical grade
chromium nitrate instead of the chloride, The results

are shown in table 2,9,

Amax Extinction coefficient

System (num) 1.mole~! «:-m‘1
Crc1,/PGR 414 18,2
CrClsfPGR/CTAB 572 14.2
Cr(NQ,)5/FGR 574 15,43
Cr(NO4 ) 5/PGR/CTAB 574 14.26

Table 2.9 Extinetion coefficient and kmax of the

chloride compared with the nitrate salts
of chromium,

From table 2.8, in the presence of (CTAB), there
is not much difference between the results obtained for
chloride and the nitrate salts, However in the absence
of (CTAB) the chloride salt had a higher (¢) probably
because there was more interaction between Cro® ion
of CrCly and PGR™ than for the Cr’’ of Cr(NOy),

because of steric effect that might be produced by the

nitrate anion.

L m————
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CHAPTER 3

— e g T - —

3.1 STUDY OF CATECHOL VIOUET

3.1.1 Reagents and solutions.

. -4
(i) Catechol viclet (CV) (019H1407s), (4 x 10 "M).
0,01544¢ of catechol vinlet was dissolved ip distilled
deionized water and made up to IODcm3 in a standard

volumetric flask.

2

(ii) Sodium hydroxide 10~ °M,

This was prepared as in section 2.1.1,

(1i1) Hydrocholric acid 10724,

This was prepared as in section 2.1.1,

3.1.1.2 Apparatus,

(1) All absorbance measurements werec made with a
Unicam SP 1750B spectrophotometer with digital readout

end 10mm quartz cells.

(i1) »H values were determined with PYE Unicam

PW 9418 Philips pH meter.

3.1.2 Potentjiometric titration of aqueous solution
of catechel violet with sodium hydroxide and
hydrochloric acid.

3.1,2,1 Method,
20m3 of the stock catechol violet solution (4 x 10"4M)
was accurately pipetted into a 50cm3 velumetric flask

and made to the mark with distilled deicnized water.,
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This solution was poured into a clean 100cm° beaker
and titrated with 10"2M sodium hydroxide from a burette.
The pH of the solution was taken after each addition
of the alkall, The process was repeated using 1072y
hydrochlorie acid.

A plot of pH aprainst the equivalents of sodium
hydroxide or hydrochloric acid gives the potentiometric

titration curve in fig, 3.1.

3.1.2.2 Results and Discussion.

Aqueous (CV) solution is acidic as shown by the
initial pH of 4.30 in water. The structural formula

also shows that 1t is an acid,

Catechol violet 1s cone of the triphenylmethane reagents,
An aqueous solution of it is yellow. At a pE below

1.5, the colour is red, and between pH 2 and 6, 1t is
yellow while at pH 7, 1t 1is violet. However above pH 10

the colour is blue. The colour change is ascribed
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OH
LN

69

to the progressive lonization of the hydroxyl groups,
The blue strongly alkaline spluticns are unstable and

lose their colour fairly rapidly.

pH
OR QQ \QQF
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R

PN

Catechol violet quickly releases its protbn to a base
as shown by the steep rise in pH on addition of sodium

hydroxide,

Agueous catechol violet appears to be well buffered
against pH changes above about pHIO.z; Around this
region too, catechol viclet would be anionic hence it.
forms coloured complexes (usually blue or green) with
many divalent metals. The strongly alkaline solutions
being unstable, lose their colour fairly rapidly

probably due to aerial ecxidation.

3.1.3 The dependence of the absorbance of agueous

solution of catechol violet on pH,

3,1.3.1 Method,

3 of the 4 x 10™% (CV) solution in different

To 2e¢m
50cm3 standard flasks wes added sodium hydroxide(lo'zn)
soluticy. The volumes of sodium hydroxide added

were selected to give different values of pH of a
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sufficient spread on finally dilutineg the (CV) solution
to the 50cm° mark with distilled deionized water. It

2

was repeated using 10 "M HC1,

The UV absorption characteristics of each solution

as well as the pH were determined after 30 minutes of

mixing the reapents,

3.1.3.2 Results and Discussion

A plot of the different absorbances agalust
corresponding pH is shown in fig. 3.2, &imilarly
the lmax values of the absorbances of the solutions
against pH are plotted in fig., 3.3, The absorbance
values of the solution at »H 10.5 is quite high and
tends to increase at higher pH values, On fig, 3.3
in the alkaline region and abeove pg§ 10, the Amax is
fairly constant. The highly acidic range of the
indicator was not investigated. Also from fig., 3.1,
the alkaline range of the indicater i1s resistant to
pH changes. The alkaline range was therefore chosen
for the purvose of this work because of the reasonably
bigh absorbance, the fairly constant mmax and its

resistance to pE changes,
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.3-2 Spectrophotometric titration of catechol violet solution with both sodium
hydroxide and hydrochloric acid [CV]=16 x 107> M
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3.1.4 The effect of concentration of NaHCQO5/NaOH
buffer (pH 10.8) on the absorbance cf catechol
violet, |

[P —

3.1.4.1 Rearents.
NaHCO,/NaOH butfer (32) at pi10:5 (2.5 x 1072y).

2 3

500cm® of 5 x 1074 NaHC04{4.2¢/1} and 178cm

of 0.1M NaOH {4ir/l) were mixed together and diluted
with distilled deionized water to 1000cm3 in a

standard volumetric flask.

3.1.4.2 Method.
2cm3 of 4 x 10_4M (CV) was accurately measured into

3 of the 2.5 % 10_2M

a 500m3 standard flask, Oom
carbonate buffer pH16.8 was added and the mixture was
made up to 50em° with distilled deionized water in

a standard flask, Other similar solutions were prepared.
using the same volume (2cm3) of 4 x 10'4M (CV), but
different volumes of the stock buffer solution,

The UV absorbance was taken at the wavelength of maximum
absorbance after 20 minutes of mixing the reagents,

when the absorbance characteristics were constant

using 10mm cells and distilled deionized water as

reference. The pH of each solution was also determined.
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3.1.4.3 Results and Discussion

The table belcw shows the pH, the wavelength of

maximum absorption and the absorbance for the solutions

prepared.
. o fa
Concentra;ion of _ Ao Absorption ki
2.5 x 107 g Carbonate pH (nm) at A
buffer (cm™} max
5 ' 10.10 482 0,144

10 o 10.30 478 0,152

20 . 10.40 478 0,162

30 ' o 10.50 476 0.166

40 10,50 476 0.168

A

Table 3.1 Dependence of pH and absorbance on
concentration of NaHCOQ/NaOH

Aqueous alkaline (Cv) pH 10,5 has a wavelength of
maximum absorption at 476nm, From table 3.1 about
BOcm3 of the NaHC03/NaOH buffer was required to
effectively buffer the reaction medium against pH
changes. ¥From the above results 25cm3 of buffer
PH 10.5 was considered to be most suitable and was
used in subsequent studies,

3.1.5 Investigation of Beer - Lambert law for
agucous catechol violet solution,

3.1.5.1 Method,

0.50cm® of (CV), 4 X 10~M solution was accurately

measured into a 5Ocm3 standard flask. 25cm3 of buffer
pH 10.5 was added and the mixture made up to 50cm® with

distilled deionized water. Other solution mixtures
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were nprevared with different volumes of (CV) and 25cm3
of the buffer., The UY¥ ahsorbance at 476nm was recorded
after 20 minutes of mixine the reagents, when the

absorbance characteristics were constant.

3.1.5.% Fesults and Discussion.

A nlot of absortance arainst concentration is shown
in fig. 3.4. The absorntion of the agueous (CV) solution
at nE 10,5 obeyed Beer-Lemberts law even at hinh
concentrations of the indicator i.e. even up to 4.8 x 107
of the indicator. The extinction coefficient of (CV) was
calculated from the granh to be 1,0 x 10% 1.mo1"ten™?

For all subzequent work 2.5em° of the 2 x 107%M stock

(2 x IO'SH) of (CV) 1.e. 2 X 10"5H experimental

concentration was used.

3.2 INTERACTION OF CATECHOL VIOLET WITH METAL IONS
(cu®* ana 21°7)

2.1 Reagents.

Appropriate weighis of the Analytical grade of the
metallic salts, Cu(N03)2.3H20 and Al(NOa)B.QHﬁG, were
dissolved in distilled deionized water in a 5000m3
standard flask and made to the mark. Aprronriate
volume of this stoack solution (104ppm) or higher was
accurately measured into a 1000m3 standard flask and
made to the mark with water to obtain a 100pom solution

&+
of n" which was ugsed for the subsequent studies.
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3.2,23 1Interaction of (CV) with Cu2+.

3.2.2.1 Method.

2cm’ aliquots of 4 x 10™% aqueous {CV) solution
were accurately measured into different 500m3 standard
flasks. 25c:m3 of the stock bicarbonate buffer pH 10.5
was added to each flask followed by different volumes
of the 100ppm (1,57 x 10_3M) Cu2+ solution. Each
solution was made up to the mark with distilled deionizcd
water. The wavelength of maximum absorbance and the
corresponding absorbance value for each solution were
determined using a blank solutiom not containing coprer
ions, but otherwise the same as the sample solution,
The measurements were taken after 20 minutes of mixing
the reagents when the absorbance characteristics were
constant, The experiments were repeated using 1cm3,

30m3, 4cm3 and Scm> of (CV).

3,.2.2.2 Results and Discussion,

The aqueous Cu - CV system at pH 10,5 had its
wavelength of maximmam absorpiion at €10mm,. The colours
of the solutions range from light bluish green to
greenish colour. A plot of the absorbance against
concentration for the system at the Amax s shown
in fiz 3.5, There is a linear relationship between
concentration and fbsortmnce at very low concentrations
of the metal.
Table 3.2 shows the extinction coefficient of the comp:lex

formed.
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Concentration of Extinction coefficient
(CV) x 10°¥ 1.mole”t. em™! x 107%
¢.8 1.38
1.6 2.€0
2.4 3,30
- AR 3 88
4.0 3.56

Table 3.2 Variation of extinction coefficient of

Cu2+ in Cu - CV gystem with (CV) concentration.

A nlot of the extinction coefficient apainst (CV)
cencentration, not shown, reveals that there is an
increased sensitivity in determining aluminium until

a maximum value is reached at 3.2 x 10*5M of (CV).

3.2.3  Interaction of (CV) with 41°%.

3.2.3.1 Method.
2cm3 aliquots of 4 x 10 %y aqueous (CV) solution
were accurately measured into different 500m3 standard

3 of the stock bicarbonate

volumetric flasks. 25cm
buffer pH 10.5 was added to each flask followed by
different volumes of the 100 ppm AlST solution. Each
solution was made up to the mark with distilled

deionized water.
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The wavelencth of maximum absorbance and the
correspondine absorbance value for each solution were
determined using a blank solution not containing any
A13+ ions, but otherwise the same as the sample
solution., The measurements of the absorbance of the
purple solutions were taken after 10 minutes of mixing
the reagents when the absorbance characteristics were
constant, This time of waitine prior to absorbance
measurement was established in an auxiliary kinetic
exneriment. The exneriments were repeated using

1cm3, 3cm3, 4cm3 and 5(3m3 of (CV).

3.2.23:2 Results and Discussion.

The aqueous Al - CV system had its wavelength
of maximum absorption at 578nm. The colour of the
solution became increasinicly purple as the concentration
of A13+ increased. A plot of the absorbance apgainst
concentration for the system at the lmax is shown in
fiz. 3.6. All the plots show a linear increase between
concentration and absorbance only at very low concentra-
tions of aluminium ions. However at very low

6

concentrations of aluminium ions when 8 x 107 M (CV)

was used, there was no lmax’ and ttis is shown by

dotted lines in fiz. 3.6,
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Fig. 3-6 Beer-Lambert's law calibration curve for CV—AIl3* complex
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(0)[CV]=1-6x10"5M  (A)[CV]=3-2x10"5M
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Concentration of Extinction coefficient
(CV) x 10 Oy 1.mole™ em™! x 1073
0.8 0.54
1.6 2,85
2.1 4,82
3.2 7.97
4.0 9.89

Table 3,3 Variation of extinction coefficient

of A1%* in Al - CV system with (CV)

concentration.

The increase in extinction coefficient with increasc
in the concentration of (CV) used table 3.3 shows that
the system tends to be more sensitive for the determina-
tion of aluminium at higher concentrations of catechol
violet. The concentration of (CV) reguired for optimum

5

sensitivity anreared not much higher than 4,0 x 107"M

however,

3.3 DETERMINATION AND MAXIMISING THE CONDITIONS FOR
CATECEOL VIOLET (CV) AND CETYLTRIMETHYLAMMONIUM
BROMIDE (CTAB) INTERACTIONS,

3.3.1 Method.

3.5cm> aliguots of 1 x 10”%1 aqueous (CV) solution
were accurately measured into different 50crn3 standard
flasks. 25em> of the stock NaHCO,/NaOH buffer nH 10.5

was measured into cach flask. Different volumes of
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4 x 10"4M (CTAB) solution were added to each flask and
the mixture made up to the 50cm3 mark with distilled

deionized watér.

The Qavelength of maximum absorbance and the
corresponding absorbance value for each solution were
determined usine the spectrophotometer, in 10mm quartz
cells against a blank solution that did not c¢contain
any (CTAB), The UV absorntion characteristics were
neasured after 20 minutes when the readings had
become steady. The experiments were repeated using

2.5cm>, 1.5em° and 0.75cm° of (CV).

3.3.2 Results and Discusgssion.

The agueous CTAB - CV system at pH 10.5 had its
wavelength of maximum absorption at 600nm, A plot of
the absorbance against concentration for the system
at the lmax is shown in fig. 3.7. Each of the
curves has a peak and the comnosition of the
{CTAB)/{CV] at this peak is calculated by the mole

ratio method.
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Concentration of Concentration of Mole ratio of
(CV) used x 10°M  (CTAB) at peak x 10°M (CTAB)/(CV)

2.8 8.8 3.14
2,0 8.0 | 4.00
1.2 5.6 2.66
0.6 4.0 6,67

Table 3.4 Mole ratio of [CTAB}/(CV]) at different {CV]
concentrations in the CV - CTAB system.
Generally from fig. 3,7, it is seen that as the
concentration of (CV) decreases the neak of the curve
flattens out. 8ince it is difficult to clearly estimate
the molar ratio of {CTAB}/{CV} which is required for
specific interactions from table 3.4, a plot of the
concentration of (CV) used againsgt the concentration

of (CTAB) at peak 1is recorded in fir. 3.8. From this

plot, the mole ratio of {CTAB}/{CV) required for specific

interaction 1s found to he three to one, Hence for
all subsequent works on this system, the molar ratio

of {CTAB}/{CV) was kept at three to one.

3.4 STUDY OF THE TERNARY SYSTEM M™ - cv - cTaB.
ot = cu®t or 213

3.4.1 The Cu - CV -~ CTAB system.

3.4,1,1 Method,
5cm3 aliquots of 4 x 10_4M aqueous (CV) solution

were accurately measured into different 50cm3 standard
3

flasks. 20cm™ of the stock bicarbonate buffer at pH 10.5
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was added to each flask, 15cm3 of 4 x 10~ % (CTAB)
solution was alsc added to each flask followed by
different volumes of 100 ppm (1.57 x 1073M) cu®®
solution. Each flask was made un to the 500m3 mark
with distilled deionized water. The UV spectrun of
the greenish solution was taken at the wavelength

of maximum absorption using a reagent blank as
reference, containing the same concentration of (CV),
(CTAB) and buffer as in the experimental solution,

15 minutes after mixing the reagents when the

absorbance characteristics were steady. The

3 3

experiments were repeated using 4cm3 3em® 2em” and

3

L

lem™ of (CV), while the molar ratic of CTAB/CV was

kept at three to one,

3.4,1.2 Results and Discussion.

Fig. 3.9 shows the UV spectra of 3.2 x 10~°% (CV)
in the presence of 1.25 x 102w copner ionsg as well as
the effect of the addition of 9.6 x 107 (CTAB) on
the system. The binary complex had its lmax at 610mm,
while the ternary complex had its lmax at 698nm. Hence
there was a considerable bathochromic shift of 88nm on
addition of (CTAB),.

The plot of the absorbance against the concentration
is shown fig., 3.10., It was found that the wavelength

of maximum absorption increased from 670nm at low (CV)

concentration to 698nm at bigher (CV) concentrations,
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There is a linear relationshir between absorbance and
: +
concentration only at very low concentrations of Cu2 .

The extinction coefficient of the ternary system

(Cu - CV -~ CTAB) 1is given below.

Concentration of ... Extinction coefficient
(CV) used x 105M in 1.mole~! em ™+ x 1074
0.8 | 1.27
1.6 2,65
2.4 2.89
3.2 - 3.00

Table 3.5 Variation of the extinction coefficient

of Cu®’ in Cu - OV - CTAB with (CV)

concentrations.

The results in table 3.5 show that the extinction
coefficient for the system has a Iimiting value, thus
showing a limit for the sensitivity of the method..-

Hence at about 3.2 x 1671 (CV) the method would have its

kighest sensitivity for the determination of copper.

Since each of the curves in fie. 3.10 has two
segments, the molar composition of the ternary systaﬁ
can be deduced, because it is believed that the complex
had a definite composition at the point of intersection

of these lines,
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Concentration of Concentration of cu?t Molar ratio
24
(CV) used x 10  at intercept x 10°M  of €W to Cu

0.8 0.63 1,27

1.6 0.85 1,90

2.4 1.10 2.18

3.2 1,57 2,03

4.0 1.60 2,50
2+

Table 3,6 Molar ratio of {CV]/ICu® . in the
' ternary system of Cu - CV - CTAB.

From an average of the values of the molar ratio
for all the five (CV) concentrations or that of the
middle three, assuming the first ahd last values are

* is 2. However from

out the molar ratio of(CV)to cu?
section 3.3, the {CTAB}/{CV} ratio was established to be
3. Hence if 1s assummed that the presence of the

metal ions did not affect the specific interaction
between (CTAB) and (CV) or that of (CTAB) did not

atfect the specific interaction between i and (CV)
then the molar composition of the ternafy system is |
derived as shown below.
 (CTAB) vy (cu®*)

Mole ratios 6 'to 2 to 1

The complex can then be written as either

Ca{CV,(CTAB) ] or CulCV - (CTAB)q),.
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3.4.2 The Al - CV - CTAE system.

3.4.2.1 Method,
dem® aliquots of 4 x 10”4y aqueous (CV) solution

3

were accurately measured into different 50cm™ standard

flasks. 25cm3 of the bicarbonate buffer pH 10.5 was

3 o 4 x 107% (CTAB)

added to each flask, 8cm
solution was also added to each f£lask followed by
different volumes of 100 pom A13+ solution. Each

3 mark with distilled

flask was made up to the 50cm
deionized water. The wavelength of maximum absorbance
and the corresponding zbsorbance value for each
solution were determined in the spectrophotometer
against a blank solution that contained no Algf ions.
The UV snectrum of each solution was taken 30 minutes
after mixing the reagents when the absorbance
characteristics were constant. The experiments were
repeated using 3cm3, Zcm3 and 1cm3 (CV), keeplng the
(CTAB]}/{(CV] at 2, based on the results of an

auxliiary study, not shown, from where the molar

ratio of {CTAB}/(CV) required for gpecific interaction

was calculated,

3.4.2.2 Results and Discussion,

The aqueous Al ~ CV -- CTAB ternary system had a
wavelength of maximum absorption between 690nm and
€96nm. The colour of the solutions ranged from light

green to deep green., A plot of the absorbance against
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concentration for the system is shown in fig. 3.11.
it obey Beer - Lambert's law only at very low
concentrations of the metal. The extinction
coefficients of the systems studied were calculated

and are shown below.

Concentration of Extinction coefficient
(CV) used x 10°m in 1.mole™d em™t x 1073
0.8 7.90
1.6 13.50
2,4 . 21.58
3.2 o 35,97

Table 3.7 Extinction coefficients for Al°' in the

ternary system of Al - CV - CTAB,

In addition to a considerable bathochromic shift
of about 118nm which the ternary system showed over
the Al - CV binary system section 3.2.3.2, there was
a considerable increase in the extinction coefficient
when (CTAB) was added to the latter., Thig indicates
a marked increase in the sensitivity of the method
for aluminium determination when the surfactant (CTAB)
is present,

Since each of the complete study has two segments,
the molar composgition of the A1l - CV - CTAB system
was deduced, on the assumption that the complex had
a definite composition at the point of intersection

of these segments,
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Concentration of Concentration of Molar ratio
(CV) used x 10%  A1%7 at intercept x 10°% of @©V)to al%*
0.8 . 1.48 0.54
1.6 1.56 1.03
2.4 1.63 | 1.47
3.2 1.43 2.16

Table 3.8 uole ratio of {CV}/EA13+} in the
ternary system Al - CV -~ CTAB

From the linear graph of concentration of (CV)
azainst mole ratio for the four concentrations of (CV),
a slone of about 1.30 was obtained. Hence it was taken
that the ratio of {CV]I[A13+]3was constant at 1,30,
Having established that the {CTAB}/{CV} is 2, the molar
comnosition of the ternary complex is derived as shown
below, on making the assumption paréllel to that in
3.4.1.2.

3+

(a1™ ) {Cv) (CTAB)

Mole ratio 1 to 1 to 2

The formula of the complex could then be written as

AlCV(CT&B)z..

3.5 INTERFERENCE STUDY. .

3.5.1 Copper interference study.
G

The absorbance of 6.3 x 10” "M copper as copper

nitrate was determined at 690nm using the method

">



8€

described in 3 4,11, This was repeated in the
presence of Al, Cd, Co, Fe, Mg, Ni or Zn as interferineg
ions, taken one a2t a time ir wvarying molar concentrations
relative to copper, The effect of the chloride anion
was tested on copper using the same concentration of
copper chloride. The change in the absorbance of

Cu - CV - CTAB due to the presence of each of these
ions was determined and taken as a measure of interference.
It was expressed as a percentage of the absorbance due
to the pure Cu - CV - CTAB system alone. The results

are shown in table 3.9.

T Al

Ion added (") Absorbance Interference
IEGET] at 690nm (%)
Cu2+ in Cu-CV-CTAB system 0.174 -
co? 1 0.192 10.2
re ' 1 0.208 19.3
N1 1 0.172 -1.07
NiZ? 2 0.195 11.84
i 1 0.247 42.17
ca?* 1 0.175 1.08
ca?* 2 0.178 2.49
crot 1 0.185 6.5
M2t 1 0.172 Y.
g2t 2 0.165 -5.17
zn2* 1 0.182 §.59
C17(as CuCl,) 1 0.130 -25.57

Table 3.9 Interference (%) of some ions in the
determination of conper using (CV)
and (CTAB) as reagents.
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The results show that cobalt, iron(III),

aluminium and chloride ions interfere scriously
in the determination of copper. Nickel and chromium
cause some interference while cadmium and mapgnesium
cause very little or no interference. No attemnts
were made to mask these interfering ions. In the
case of chloride ions which had very serious interference
the method described in 3.4.1.1 was repeated using
analytical grade copper chloride instead of the nitrate.

The results are shown in table 3.10,

ey oS MO
Cu(NOg)/CV 610 2,69
Cu(NO,;),/CV/CTAB €92 2.65
CuCl,/CV 610 1.50
CuCl, /CV/CTAB 680 1.99

Table 3.10 Extinction coefficient and Amax of the
chloride compared with the pi*rate salts
of copper.

From table 3.10, both in the chloride and the
nitrate salt, the effect of (CTAB) is almost negligible.
However the (e) values for the nitrate salt is
higher than for the chloride salt. This could be due
to a strong attraction between Cu2+ ion and C1~
which is greater then between Cu?’ ion and NO; ion.
Hence in the nitrate salt, there is more Cu2+ to
interact with CV~ ions; which consequently cives a

bigeer (e).
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3.5.2 Alumipium interference study,

The absorbance of 1.48 x 1075y aluminium as
aluminium mitrate was determined at 692nm, using the
method described in 3.4.2. The absorbance of the
same concentration of aluninium in the presence of
some metals - Cd, Co, Cr, Cu, Fe, Mg, Ni or Zn, and
chloride ions in form of aluminium chloride, in. -
varying molar concentrations relative to aluminium
was determined. The chanze in absorbance was taken
as a measure of interference and expressed in

percentape, The results are as shown in table 3,11.

Ion added ™) Absorbance Interference

(a3F)  at 692mm (%)
A1%" in A1-CV-CTAB system 0.182 -
cu?* 1 0.295 61.95
Feo* 1 0.239 31.3
co?? 1 0.207 13.6
M2t 1 0.202 10.98
crot 1 0.126 ~30.65
ca?* 1 0.278 52.22
Zn?* 1 0.253 39,22
N12* 1 0.193 6.28
c1- 1

0.253 3e.22

Table 3.11 Interference (%) of some lons in the
determination of aluminium using (CV)
and (CTAB) as reagents,
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The results show that nickel ions caused the least
interference while chloride ions and those of the
other metals cause serious interference in the determination
of aluminium. 1In the case of the chloride ions, the
method described in 3,4.2 was repeated using
aluminium chloride instead of nitrate. The results

are presented in table 3,12,

System Xmax Extinctign cgif!icifgt
nm 1. mole " cm =~ x 10
Al(NOBJ 5 /CV 578 2.85
A1(NO4)4/CV/CTAB 692 13.50
*a1c14/cv _ _
A1C1,/CV/CTAB 870 7.7

Table 3,12 Extinction coefficlient and Anax of the
chlcride compared with the nitrate salts
of aluminium.

¥ Ne X , hence no results.
max

The fact that there is no xmax for &1C13XCV
rrobably suggests that there was no specific
interaction between Al°" of A1Cl, and CV™ ions.

This could be due to the rather small ionic radivs

ot A1%* (0.50a). It is supposed that the A1°* ionms
will strongly attract C1~ ions than CV~ ions.

However for the nitrate salt since the Nog ion is
larger than €1~ ion, there will be a greater attraction
between A1°* and CV~ jons. This probably accounts for
the bigeger (e€) of the nitrate group in the presence of

(CTAB) as seen in table 3.12.



CHAPTER 4

—————— ———

4.1 SUMYIARY AND CONCLUSIONS,

In this study the interaction between zinc or
chromium(IIX) ions and pyrorallol red (PGR) was
investigated, Similarly the UV absorption characteristics
of catechol violet (CV) and the metal-chelate binary
complex of aluminium(ITI) or copper(1I) was extensively
studied. The addition of a relatively small amount of a
cationic surfactent (CTAB) to the usually coloured binary
system was thoroughly investigated especially the attendant
selectivity and sensitivity of the micellar improved

system.

The anionic chelometric dyes used in the course of
this study reacted with the metal ions (in the absence
of CTAB) to form water soluble binary metal-chelate
complexes. These comnlexes absorb in the visible region,
zinc (520nm), aluminium (573nm), coppver (610nm) and
chromium (414nm) with strong absorptions at oH 10.E5.
The addition of CTAP to these binary comnlexes had 2
dramatic effect, resultine in most cases to marked colour

changes, Normally, the principal roles of (CTAB) are to

i. solubilize an otherwise insoluble reagent,
ii. produce a bathochromic shift, the advantage of
which is to lessen or completely remove snectral

overlap problems,
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iii. cause a significant increase in the extinction
coefficient which will improve the selectivity

of the method.

However, in the studies reported in chapters two and
three, since all the reagents were soluble (CTAB) did

not act as a solubilizinpg agent. For the systems
studied, the addition of (CTAB) led to a bathochromic
shift of 40nm for zinc, 114nm for aluminium, 82nm for
copper and 58nm for chromium, ESimilarly for some of

the systems reported, the addition of (CTAB) produced

on increase in the extinction coefficient, which showed
that the ternary system was more sensitive, than the
binary metal-indicator system for the determination

of metal ions.

The experimental concentration of (CTAB) used

throughout the study was greater than the critical micells
concentrations (the c.m.c. of (CTAB) is given as

6 x 10“6u) (33). Therefore, since the experimental
concentration of (CTAB) used was greater than the (c.m.c),
it is assumed that micelle formation is apparent, though
it is difficult to state categorically whether micelles
or free ions were responsible for the reactions that

occurred,
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4.1.1 The pyrogallol red system,

From this study, it was established that there
was a specific interaction between (PGR) and (CTAB)
(Amax at 550nm) which in turn had a definite interacticn
with either of an+ or Cr3+_ Hence in addition to
Xylenol orange (21) methylthymol blue (22) which had
been previously sugeested for the determination of zinc,
(PGR) is being proposed. The binary complex of Zn-PGR
absorbs in the UV repion in arreement with the work
of Bailey, et al, (28) that put the Apax ©Ff Bi(IITI) - X0
at 550 ¢+ 60nm. The addition of (CTAB) to the binary
complex showed a bathochromic shift. The lmax of the
ternary Zn-PGR-CTAB system increased with increase in
[(PGR). A bathochronic shift of 40nm was recorded for
8 x 10~% (PGR) while about 80nm was recorded when
3.2 x 107y [PGR) was used. Similarly the extinction
coefficient increased with (PGRl. However the concentration
of (PGR) required for ontimum sensitivity is 3.2 x 107,
The limit of detection of zinc vary with [PGR] and again

about 3.2 x 10_5

M (PGP) is regquired for maximum efficiency.
Other than the relatively hiesh absorbance recorded at /
hieh [PGR]. Only very low concentrations of zinc, below
6.1 x 107% could be detected. Hence at high (PGR), the
large bathochromic shift, the hish absorbance as well

as the increase in extinction coefficient suggest an
enhanced sensitivitv in the determination of zinc using

this method.
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Thourzh the use of (CV) and xylenol orange (20)
have been reported for.the determination of chromium,
(PGR) is proposed in this study. Even though a bathochromic
shift of 58nm was obtained when (CTAB) was added to
the binary system, the absorbances were rather low. This
method can not be used to estimate chromium below 500 nom,
Since the extinction coefficient decreased on the addition
of (CTAB), the method is regarded as less sensitive.
However, it may be used to detect high concentrations of

cr®t | up to say 5000 ppm.

4.1.2 The catechol violet system.

There was a specifle interaction between (CV) and
(CTAR) (lmax at 600nm) which is turn had a definite
interaction with either of aluminium or copper ions. In
addition to the use of xylenol orange, pnyrorallol red,
methylthymol blue, already reported for the detection of
aluminium, the use of catechol violet is proposed., The
ternarv system obeyed Beer's law onlv at very low
concentrations un to about 0.4 npm, There were increases
in the bathochrcmic shift and absorbance which increased
the sensitivity, selectivity and extinction coefficient
several fold when (CTAB) was added to the binary Al -CV
system e.g. a bathochromic of over 114nmm was recorded
when 3.2 x 10'5M (CV) was used. Since the detection limit
of A13+ decreased with increase in (CV], only very low

{CV} e.e. 1.6 x 10-5M is recommended for the detection

of aluminium. In the Al1-CV binary system, un to say 1.4 nom
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of A13+ could be detected while only about 0.4pnpm of it

could be detected in the ternary system.

In the Cu - CV system, the addition of (CTAB)
caused a bathochromic shift of about 82nm. Increase in
(CV) increased the detection limit of Cu2+. The addition
of (CTAB) to the binary system, did not lead to any
anpreciable increase in the absorbance or the extintion
coefficient., Hence other than the advantage of the
bathochromic shift obtained, the method is regarded as
insensitive in terms of the delection limit of Cu2+ and
extinction coefficient. The optimum (CV] for this system

2

is 3.2 x 10"5" for maximum scnsitivity in Cu . determination,

4.2, RECOMMENDATIONS,

4.2.1 Details of the recommended method for a calibratior

curve for the determination of zinc and chromium.

folution prevmaration:

4“

(1) Pyrosallol red (PGR), (C;oH,,058), (4 x 107 ™M)

0.01602g of nyrogallol red dissolved in distilled

deionized water and made up to 100c:m3 in a standard flask.

(ii) Aqueous solution of cetyltrimethylammonium bromide
~4
(CTAB), (CHB(CH2)15](CH3)3NBr, 4 x 10 "M,
0.14578g so0lid surfactant is dissolved in distilled
deionized water in one litre standard flask and made to the

mark.
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(1ii) NaHCO4/NaOH butfer solution, oH 10.5
To 500cm” of 5 x 107%M NaHCC, (4.2¢/1) add

178cmSof 0.10M(4r/1) sodium hydroxide and make up

to one litre in a standard flask with distilled

deionized water.

(iv) Mn+ solution (Zn2+ or Cr3+)

Brepare 1040pm stock solution of each of
Zn(NQ5),.€H,0 and CrCl,.8H,0 in standard flasks with
distilled deionized water (Cr013.6H20 is nrefered to
Cr(N03)3.9H20 because 1t gives hicher extinction
coefficient). The solutions are gtandardized by
suitable methods (15b) for Zn(N03)2.6H20 and (15¢) for

CrCIB'GﬂRO‘

Appronriate diluticns are made in case of zinc

to get 100ppm, (secondary stock).

Hethod,

In to each of several 50cm3 very clean standard
flasks, vinette 40m3 of the stock indicator scolution
and 25cm3 of the NaHCO3/NaOE buffer solution of pH 10.5.

This is followed by 10.5cm° of (CTAB).

Then add aliquots of from 0.1cm3 to lcm3 of 100 ppm
zinc or from 2.5 to 20em° of 104ppm standardized chromium
solution. Then make the mixture of solutions in each

flask up to the mark with digtilled deionized water.
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Allow the chromium solution to stand for 15 minutes,
while that of zinc as soon as it 1s prepared and
measure the absorbance at 572nm for chromium and
600aom for zinc against a reagent blank with no Mn+.
For the zinc salt the calibration curve should be
linpear up to 0.4 ppm, and give an extinction
coefficient of 15.40 x 10° 1.mole ! em™! while it
should be linear for chromium salt between 1000 ppm

and about 3500 ppm and with an extinction coefficient

of 15,53,

4.2.2 Details of the recommended methods for a
Calibration for the determination of
aluminium and copver.

Solution preparation.

-4
(1) Catechol violet (CV), (019H1407S), 4 x 107

0.01544g of catechol violet dissolved in distilled
dcionized water and made up to 100cm3 in a standard
flask,

(ii) Mn+ solutions (!‘.q13+ or Cu2+)

Stock metal ion sclutions of approximately lodppm
Al(NOy)5. 9Hy0 or Cu(NOB).SHEO are prepared in distilled
deionized water and standardised by suitable methods
(15d) for aluminium and (15e) for conper.

Appropriate dilutions to final exnerimental solutions

are made from the standardised stock solution,
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Method.

In te each of sevcral 500m3 very clean standard
flasks, pipette écm3 of (CV) and 25cm3 of the buffer.
This is followed by 12c:m3 of (CTAE} for covnper salt cor

8cm3 (CTAB) for aluminium salts.

Then add aliquots of from 0.lcm3 to lems of

standandised ”n+ solution preferably in steps of G.lcrn3
increase. Then make the mixture of solution in each
flask to the mark with distilled deionized water. Allow
the aluminium salt solution to stand for 30 minutes, '
while tbhat of conner should stand for 15 minutes,
Measure the absorbance ,at 698nm for corner or 69%9nm for

sluminium against a reasent blank containing no Mn+.

The calibration curve, should be linear un to
C.4 opm for aluminium and up to 0.8 nnm for conner and

give an extinction coefficient of 3.10 x 104 1

3 1 -1

for copper and 39.97 x 16° l.mole ~.cm for aluminium.

4.3 SUGGESTIONE FOR FURTHER INVESTIGATION.

1. The selectivity of most spectronhotometric methods
is limited, especially because of interference. It is
therefore necessary to mask the interferineg ions by
appropriate masking agents. It is not until this is
done that the ontimum scngitivity of the method for

the determination of metals could be ascertained.

1. mole™ .em™
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2. The commen anions of interest in analysis of
elements after digestion of sample are halides
(C17, Br-, ¥ ) and the nitrate, Though in these
studies, Cl™ had been selected as a representative
member of the halide zroun with nitrate, it - is
necessary to find other arguments to justify the

nreference of nitrate or chloride salt of the metals

for the calibration curves,

3. 2lthousgh, in this study, the interference effect
of Caa+ or P is not reported, it is essential to check
this aspect most especially since tlhe elements are

commonly found in food materials.

4, It mlght be necessary to repeat the studies
renorted in this dissertation using {CTAE} < (c.m.c)
to know 1f and how micelle formation is relevant to
the eifectiveness of the determination of trace metals
with (CT?B) esnecially in terms of the batbochromic
shift and the extinction coefficient. ~# comparative

study of snectral nmarameters c.g. A {¢) etec for

max’
the metal-chelate complexes formed in the absence

and presence of micellar systems might also be drawn
from such studies.

Also the nossibility of determination of the stabillity

constants of the binary and ternary complexes should

be considered,
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