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Abstract

Phenylfluorone was synthesized with the objective of developing a method

for determining Fe(III) and V(V) in the presence of micelles using flow

injection technique. Phenylfluorone showed a wavelength of the maximum

absorption at 412 nm which was not affected by the presence of micelles

i.e. n-hexadodecylpyridinum bromide and sodium n-dodecylsulphate, but

they have different effects on the absorbance of PHF.

The complexes of PHF-Fe(III) and PHF-V(V) showed the wavelength of

the maximum absorption at 428 nm and 412 nm, respectively. Presence of

micelles shifted the wavelength of the two complexes to a lower one.

Generally the addition of micelles increased the absorbance of

phenylfluorone metal ions complexes except for PIIF-V(V) with

hexadodecylpyridinum bromide.

With flow injection technique two approaches were practiced the use of

micelle as a carrier or water as a carrier. Sodium n-dodecylsulphate

increased the absorbance of the two complexes when it was used as

a carrier or added to the metal ions using water as a carrier. On the other

hand, the use of n-hexadodecylpyridinum bromide as a carrier increased the

absorbance of the complexes but it decreased the absorbance when it was

used in conjunction with metal ions and water as a carrier.

After establishing the optimum FI conditions for PHF-Fe(III) and

PHF-V(V) complexes, the calibration curves were constructed and

produced semilinear response in the concentration range studied.

Ti(I V) showed a negative interference with both complexes whereas V(V),

Mo(VI) and Fe(IIt), Mo(VI) showed a positive interference in PHF-Fe(III)

and PHF-V(V) complexes, respectively.

IX



CHAPTER ONE
INTRODUCTION



Introduction

1.1 Ilydroxyxanthene dyes

Hydroxyxanthene dyes are the most frequently used reagents in

spectrophotomefric determination of metal iotis in addition, the formation

of coloured chelates of metal ions with some of them is often used in the

visual indication of the equivalence point in the compleximetric titrations.

The most common and longest-known of xanthene dyes are eosine,

phenylflouorone, calcein, methylfluorone, fluorescein and pyrogallodl red

groups(l).

There was a great increase in the interest in these groups of dyes in 1950s

and 1960s, where a number of substances with this structure were prepared

and used in spectrophotometric studies(1).

Further development associated with the use of surface-active substance in

spectrophotometry occurred in the 1970s. At present, in addition to the

solution of old problems and application of methods already developed to

the analysis of practical sample, quaternary systems containing combination

of various types of micelles and other complicated systems, permitting

a considerable increase in sensitivity and other parameters of analytical

method, are being studied (1).

The sensitivity and the selectivity of the determination of ion associates of

metals with xanthene dyes can be increased primarily by suitable selection

of organic solvents for the extraction step or by a suitable combination of

solvents (1).



Ion associates and complexes of dyes with metal ions are evaluated

according to the following properties (l):

(a) optimal acidity of the aqueous phase; (pHopl, acid molarity);

(b) wavelength of the absoiption maximum (A,max) of the ion associate or

complex in the aqueous phases, or in the organic phase during

extraction determination;

(c) the molar absoiption coefficient of the ion associate or

complex at X.max;

(d) the composition of the complex or ion associate (the molar ratio of the

component is expressed in the term of symbol Me:R, Me:R:L, or

Me:L:R where Me is the general designation for the metal ion, R for

the dye as cationic, anionic or electroneutral molecule, and L for the

third component of the complex or ion associate);

(e) the lower and upper concentration limits for determination of the

metal ion or the range of applicability of the Beer's-Lambert law;

(f) the time required for equilibrium establishment (x);

(g) in extraction determinations, the degree of a single extraction (E).

Spectrophotometric determination of metal ions are based on methods

utilizing oxidation or reduction of the dye accompanied by a colour change;

the dye reacts directly with the metal ion, or the metal ion catalyzes the

reaction of the dye with further oxidizing or reducing agents.

Depending on the.type of interaction with metal ions, xanthene dyes can be

divided into two basic groups:

1. Ions of dyes without chelating groups that yield an ion associate with

the particular metal that can be extracted into an organic phase where

it is determined spectrophotometrically; such as fluorecein, eosine

and phloxine.



2. Compound whose molecules contain chelating groups and can form

chelates with metal ions; such as phenylfluorone, salicylfluorone,

gallein and pyrogallol red.

All hydroxyxanthene molecules have multiple aromatic rings with a rigid

plane structure Fig.l. Depending on the substitute groups or Ihe basic

structure, hydroxyxanthene dyes can be divided into three groups ( \

The first group, the fluorescein group consists of compounds that have

COOH substituent in the 2' position. These dyes do not have chelating

groups and thus do not form complexes with metal ions. On the other hand,

their ions do form ion associated with metal cations and are utilized

in spectrophotometry and spectroflourimetry. Calcein (one of the members

of this group) occupies a special position, as it contains the chelating

CH2N(CH2COOH)2 chain (1). Fluorescein is structurally the simplest

member of this group. All other reagents in this group are derived from it.

However, the dye itself has not been used in the spectrophotometric

determination of metal ions.

The second most numerous group contains derivatives of

2,3,7-trihydroxy-6-fluorone Fig.l. There are further hydroxy groups in

the positions 2 and 7. In this group the third benzene ring can be

replaced by aliphatic and alicyclic residues (nonaromatic derivaties

of 2,3,7-trihydroxy-6-fluorone), aromatics (aromatic derivatives of

2,3,7-trihydroxy-6-fluorone). or heterocyclic residues (heterocyclic

derivatives of 2,3,7~trihydroxy-6-fluorone). Bisfluorones form a separate

division of this group as their molecules contain two variously bonded basic

structural units. The hydroxyl or carboxyl groups in the ortho positions are

the chelating group in these reagents. ! The derivatives of

2,3,7-trihydroxy-6-ftuoroiie have the clearest nomenclature system.



The third group (the gallein and pyrogallol red group) contains dyes whose

basic skeleton contains additional hydroxy groups in the 4 and 5 positions.

The 2 carbon is bonded to either a carboxyl group or a sulpho group.

Complex formation with metal ions occurs through a mechanism similar to

that, for substances of the 2,3,7-trihydroxy-6-fluorone.

1.1.1 The 2,3>7-trihydroxy-6-fluorone group

This group is divided into subgroups:

(a) nonaromalic derivatives of 2,3,7-trihydroxy-6-flourone such as

methylflourone, propylfluorone, cyclohexyfluorone and

pentadecylfluorone Fig. 2;

(b) aromatic derivatives of 2,3,7-trihydroxy-6-fluorone such as

phenylfluorone, salicylfluorone, 2'-ni(rophenylfluorone and

4'-methoxyphenylfluorone Fig. 3;

(c) heterocyclic derivatives of 2,3,7-trihydroxy-6-fiuorone such as

2-quinolyfluorone, 2-quinoxalyfluorone and 2-pyridyinuorone Fig.4;

(d) bisfluorone such as methylenebissalicylfluorone and

1', 4-phenylenebisfluorone Fig. 5.

Phenylfluorone is the one of the most important derivatives of

2,3,7-trihydroxy-6-lluorone (aromatic derivatives), which is slightly soluble

in alcohol and similar solvents, but its solubility in alcohol is increased by

adding small volume of dilute hydrochloric or sulphuric acid (2>, which

appears to convert phenylfluorone to the corresponding salt and the solution

is yellow in colour. Owing to the strong colour of phenylfluorone itself in

acid solutions, it was found necessary for absorptiometric measurements to

be used as a reference solution blank.



Fig. 1. The basic structure of hydroxyxanthene dyes
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Fig. 2. Nonarmatic derivatives of 2,3,7-trihydroxy-^-fluorone:

(a) methylfluorone, (b) trichloromethyl fluorone,

(c) propylfluorone, (d) pentadecyfluorone,

(e) cyclohexylfluorone.



H0 / OH

R can be

(a) (b) (c)

Fig. 3. Aromatic derivatives of 2,3,7-trihydroxy-6-fliiorone:

(a) phenylfluorone, (b) salicylfluorone,

(c) 2 -nitrophenylfluoronc, (d) 4-methoxyphenyIfluorone.
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Fig.4. Heterocyclic derivatives of 2,3,7-trihydroxy-d-fluorone:

(a) 2 -pyridylfluorone, (b) 2-quinoryfluorone,

(c) 2-quinoxalylfluorone.
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Fig. 5. Some of bisfluoronc structures:

(a) methylenebissalicyfluorone,

(b) 1,4 -phenylenebisfluorone.



1.1.2 Application of hydroxyxanthene reagents

The use of polyhydroxy aromatic compounds for analytical purpose has

long been recognized. Most of hydroxyxanthene dyes are highly fluorescent

reagents, the predominant characteristic of these dye molecules is that there

is an oxygen bridge between two benzene rings, the presence of which

makes it much easier to adopt a rigid plane structure. These dyes are

principally used in analytical chemistry as fluorescent indicators and

reagents for spectrophotometric analysis(3).

Eosine has been used for the spectrophotometric determination of

K(I) in water and plasma {4\ Sc(II) in granite(5), Ni(Tl) in steel, Al(III) in

aluminum salts (6), Ag(I) in silver alloys (7), Cu(Il )concentrates (8), Zn(ll) in

materials with excess chromine and copper (9) and aluminum alloys tl0).

El-Ghamry et al. ( l l ) proposed a fluorimetric determination of Ag(I) with

1,10-phenanthroline and eosine in the aqueous phase. The decrease in the

intensity of the emitted radiation of eosine after addition of Ag(I) is

measured at A,em 545 mn, Eosine has been used for the fluorimetric

determination of Sc(II) in granite (5), and Co(ll) in steel(12).

The spectrophotometric determination of Pt(IV) with ethyleosine has been

described. El-Ghamry and Frei(13) determined platinum as Pt(NH3)6'
l+ and

they found that the optimum pH is 10.0 to 10.5 and the maximum

absorption is at 555 nm. The Beer's-Lambert law is valid in the range

0.04 to 1.17 j-ig/ml"1. The composition of the ion associate is

Pt(IV):NH3:ethyleosine 1:6:4.

Lisytsina and Shcherbov(1) proposed an extraction fluorimetric procedure

for determination of Cu(II) and other metal ions with 1,10-Phenathroline

and rose bengal A. The ion associate is extracted into chlorform, which is

10



then diluted with acetone, they found Xcx and A.cm are 550 and 580 inn,

respectively. Bailey et al. (l4) developed a fluorimetric determination of

Cu(ll), based on extraction of the Cu(II)-l,10-phenanthroline-rose bengal B

ion associate into chloroform. After addition of acetone and ammonia, they

found Xcx and Xcm, are 560 and 570 nm, respectively. This method can be

used to determine 0.001 to 0.006 ng/ml'1 of Cu(II) ion. Calcein has been

used in the determination of Ca(Il) in tissues (15), the results showed that the

maximum absorption is 506 nm and Beer's-Lambert law is valid in the

range 2.0 to 3.5 jig/ml"1.

Methylfluorone has been used for the spectrophotometric determination of

antimony in iron and steel (I6) and deposit alloys (17) as well as of

molybdenum in steel(18). Propyl fluorone has been used in the

spectrophotometric determination of Sc(II) in minerals and ores. It has also

been used for spectrofluorimetric determination of boron at pH 7.0 to 9.0(l).

Narzareko and co-workers (1) proposed an extraction spectrophotometric

determination of V(IV) by complexing it with pentadecylfluorone and

extraction of the complex into a mixture of chloroform with butanol (1:3)

they found that the maximum absorption is at 516 nm to 522 nm.

Cyclohexylfluorone has been used only for the spectrophotometric

determination of Cu(ll) (19), the optimum pH is 5.0 and the maximum

absorption is at 660 nm.

In recent years the use of phenylfluorone as a spectrophotometric reagent

for metal ions determination has found widespread application. Gill et al.{20)

examined a number of derivatives of fluorone for their potential value as

analytical reagents and stated that 2,3,7-trihydroxy-9-phenyl-6-fluorone

(phenylfluorone) is a specific reagent for detection of germanium.

Hillebrant and Hoste (21) also carried out the reaction of Ge(IV) with

11



phenylfluorone in the organic phase, Ge(IV) is first extracted from 0.5M

HC1 into benzyl alcohol, they found that the maximum absorption is at

505 nm and the Beer's-Lambert law is valid in the range 0.03 to 0.5

fig/mf1. Phenylfluorone is the most frequently used reagent in the

spechophotometric determination of Ge(IV) in cool(22), mineral(23), silicate

rocks(1), sea water (2'4) and in plants(25).

Luke (2f>) extracted Sn(lV) into methylisobutyl ketone (M1BK), where the

actual reaction with phenylfluorone was carried out in the maximum

absorption at 530 nm, the binary Sn(IV)-phenylfiuorone complex was used

for the spectrophotometric determination of tin in ferrous materials(27),

soils, water and plants (28). Sinha and Sharma ( l) studied the reaction of

Ti(lII) with phenyfluorone, they found that the optimum pH is 9.0 and the

maximum absorption is at 460 nm. The complex Ti(IIT):R 2:3 and the

Beer's-Lambert law is valid in the range 0 to 10 jAg/ml"1. In practice,

phenylfluorone has been used for the spectrophotometric determination of

many metal ions including tantalum in metallic lithium and potassium (29).

Tarek el al. (30) determined vanadium in steel with phenylfluorone at piT 8.8

in the presence of cetylpyridinum bromide. The absorbance of the sensitised

1:2 chelate was measured at maximum absorption of 550 nm. Interfering

ions were removed electrolytically using a mercury cathode. They also

determined Fe(II) using phenylfluorone in the presence of 2% Triton X-100

at pTI 9.0 and the maximum absorption is at 555 nm(31). The colour of the

1:3 sensitised complex was fully developed after 25 min. Ga(III) and

In(III) interfered seriously.

1,8-Dibromophenylfluorone has been used only for the spectrophotometric

determination of vandiuum(1), in the presence of gelatin in 30% ethanol.

The optimum pH is 4.0 to 4.7 and the maximum absorption is at 570 nm,

12



Nazarenko and co-workers ( l) studied the extraction of the binary

V(IV)-2'-hydroxyphenylfluorone (1:2) complex, solvated by eight

butanol molecules into a mixture of chloroform and butanol (7:3),

they found that the maximum absorption is at 520 nm. They also

tested a number of other solvents. Chinese authors (32) studied the

Ta(V)-2-hydroxyphenylfluorone-cetylpyridinium bromide system, the

maximum absorption is at 520 nm, and its utilization in the determination of

tantalum in bauxite.

2'-Hydroxyphenylfluorone has been used for the spectrophotometric

determination of tin in steel, alloys, and pure metals (33). In practice,

2'-hydroxyphenylfluorone has been used for the spectrophotometric

determination of molybdenum in alkalites and metallic titanium (1) and in

soils and plants(34) and of tungsten in zirconium and its salts(3:>). Merkulov

and Skvoitsova (1) developed a method for the kinetic determination of

cobalt utilizing the catalytic effect of Co(II) on the oxidation of

2'-hydroxyphenylfluorone by H2O2. 2'-IIydroxy-5'-bromophenylfluorone

has been used for the extraction and spectrophotometric determination of

aluminum in alkali metal halides (l).

Kolesnik et al}4 } studied the extraction and spectrophotometric

determination of Zr(IV) in steel and copper alloys. Zr(IV) is first extracted

from 5M HNO3 into a 20% solution of tributylphosphate in benzene, where

the actual reaction with the dye occurs. 2-Nitrophenylfluorone has been

used for the spectrophotometric determination of niobium in titanium and

TiCl4
(1) in rocks and minerals, and of molybdenum in metals, (Mn, Ni, Cr,

i
Fe) as well as for the extraction and spectrophotometric determination of

niobium in titanium and TiCl4
 (37) in rocks (1), steel(38), and tungsten in

steel(38)

13



2'-Hydroxy-5'-carboxyphenylfluorone has been used for the spectropho-

tometric determination of titanium in aluminum and its alloys (39).

2-Sulphophenylfluorone has been used for the specfrophoLomelric

detennination of Ti(IV) ('10), the optimum pi! is 3.5 to 4.7 and the maximum

absorption Is at 560 nm. Reaction with Ge(IV) ( l l ) yields maximum

absorption at 495 nm.

Vrbsky and Fogl(42) studied the reactions of 2-pyridylfluorone with Cu(II)

in the presence of methanol and polyvinylpyiTolidone, they found the

maximum absorption is at 595 nm. A further work (43) carried out the same

reaction in the presence of boric acid (elimination of interference from

excess reagent). 2-Carboxy-4'-pyridylfluorone has been used only for the

spectrophotometric determination of V(IV) (1) in 30% elhanol and in the

presence of gelatin, the optimum pH is 4.7 to 5.2 and the maximum

absorption is at 595 nm.

Narzarenko et al. (1) have proposed a spechophotometric detennination of

aluminum. The Al(lII)-2-quinolylfluorone-5,7-dibromo-8-hydroxquinoline

system (1:2:1) is extracted into isobutanol from a medium with pH 7.0. The

maximum absorption is at 550 nm.

r,4'-Phenylenebisfluorone has been used in practice for the spectrophotom-

etric determination of gallium in indium and aluminum in bronze ( l \

1', 3'-Phenylenebisfluorone has been used only for the spectrophotometric

determination of Te(IV)(1). The reaction occurs in 10% ethanol; equilibrium

is established in 4 his.

14



The rigid plane structure of hydroxyxanthene dye molecules is favourable

for producing chemiluminescence. Polyphenols are involved in the

chemiluminescence due to the emission from the singlet oxygen and

intermolecular energy transfer. Guo and Qing (M) showed that the cationic

surfactant CTMAB enhanced the chemiluminescence reactions of

hydroxyxanthene dyes, and the catalytic chemiluminescent intensity is

proportional to the concentration of Co(II), based on which a sensitive

method may be developed for the determination of traces of Co(II).

15



1.2 Micelles

Molecules, which possess both hydrophilic and hydrophobic structures,

may associate in aqueous media to form dynamic aggregates commonly

called micelles<45). Interest in these aggregates has grown over the years

from the original work of Hartley(46), which describes what is still accepted

as a functional model of the geometry of micelles. The field of micelles in

electrochemical measurements has recently been reviewed by Mclntire(47).

The catalytic abilities of micelles must be recognized by the analyst as so

much of the observed benefits of the use of micelles in analytical chemistry

comes from these abilities. There are many other properties of micelles

which would be of some importance to the researcher desiring to use them

in an analytical method (45).

Given an understanding of micelles, the analyst is then in a position to make

an intelligent start regarding the utility of micelles within a specific

analytical application. This appreciation of micelle characteristics together

with knowledge of the mechanism of the chemical reaction occurring

within the method of analysis itself can lead to benefits with respect to

analysis time and sensitivity. In any case, the conect immediate application

of micelles to a specific analytical situation can not be carried out without

some experimental investigation of the system of interest and its

interactions with the micelles solution(45).

The potential of micelles in the area of analytical chemistry is only excee-

ded by the time available for the examination of their utility. Micelles can

benefit spectrophotometric methods of analysis by affording automation

which in this era of high sample throughput is a significant advantage(48'l9).

Even areas as unlikely as atomic spectrophotometry has shown benefits

from the use of micelles within their analytical procedures^0'5'*.

16



1.2.1 Micelle characteristics

Micelles are dynamic aggregates of amphiphilic molecules (5 \ An

amphiphilic molecule possesses well-defined regions of hydrophobic and

hydrophilic character. In the absence of qualifier the designation "micelle"

or "normal micelle" indicates a system of surfactant dissolved in an

aqueous medium. With respect to these normal micelles, the nonpolar

portion of the molecule is commonly referred to as the hydrophobic (ail,

while the polar structure of the amphiphile is known as the hydrophilic head

group. When the concentration of these molecules in the solution is

increased above a characteristic value known as (he critical micelle

concentration (cmc), they associate to form relatively well-defined

aggregates known as micelles. This phenomenon can be observed by

following changes in any of several physical properties of the solution with

increasing concentration of amphiphile. The cmc is often referred to as

a single concentration while, in fact, it is a narrow range of concentrations

over which these physical solution properties are altered.

As shown in Fig. 6 these aggregates of amphiphiles assemble such that the

tails of the molecules are packed together in the interior, or core, of the

micelle while the polar head groups form a boundary zone between the

nonpolar core of the micelle and the isotropic (polar) aqueous solution

beyond. Nonionic micelles don't have charged head groups.
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Fig. 6 Critical micelle concentration = cmc.
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The geometry of micelles continues to be a subject of much debate (33'5I).

One school of thought is that the micelles is essentially a droplet of

hydrophobic phase within bulk aqueous system (53). These results stem

largely from NMR measurements regarding line widths and relaxation

times.

Micelle characteristics vaiy with the nature of amphiphiieas as well as with

the composition of the solution. Micelles may be categorized as anionic,

cationic, nonionic or zwitterionic depending upon the nature of the polar

head group of the amphiphile (55). Examples of amphiphiles with anionic

head groups include alkali and alkaline earth metal salts of carboxylic acids,

sulphuric acids and phosphoric acids. Cationic micelles usually contain

quaternary nitrogen head groups due to the stability of these materials as

well as their commercial availability. The polar head groups of nonionic

micelles generally consist of polyoxyethylene or polyoxypropylene

chains(56). Ionic micellar systems include counterions or gegenions which

partially neutralize the charged surface of the micelle. The nature of

counterion can have a dramatic effect on the physicochemical properties of

the micelle. For example, sodium dodecylsulphate (SDS) is veiy soluble in

aqueous media at 30C°. Alteration of the counterion from sodium to

potassium results in potassium dodecylsulphate (KDS), which is not

soluble at 30C°. This result follows from an examination of the values

of the Krafft points for these two surfactants. The Krafft point is

that temperature below whicli the solubility of the monomeric amphiphile is

less than the value of cmc. Thus, micelles can not exist below such

a temperature. If a micellar solution is brought below its respective

Krafft point, precipitation will occur until the concentration of

the monomeric amphiphile is reduced to the level of solubility in that

solution at that temperature.



The nature of the counterion also affects the value of the cmc. Just as

alteration of the counterion of ionic micelles can alter the cmc, so can

changes in the length or structure of the hydrophobic tail affect the

properties of the resulting micelles. In addition, changes in pressure,

temperature and ionic strength can affect the properties of micelles as

wejj(53,55,57) although these effects must be somewhat controlled, they can

be beneficial in that they afford relative ease of variation of the components

of the ordered system.

Surfactants can associate in nonaqueous media, forming reverse or inverse

micelles (55). The hydrophobic tails of the amphiphiles are extended into the

bulk nonpolar solvent, while the head groups are drawn together to form the

hydroplulic core of these aggregates, Fig. 7. The size and characteristics of

these structures are critically dependent upon the water content of the

solution. The water present tends to accumulate within the core to form an

isolated pool of water which may exhibit unique properties. At low ratios of

water to surfactant, the activity of the water is greatly diminished from that

of bulk water. This occurs due to secondaiy structure formation resulting

from hydrogen bonding and from solvation of the closely spaced ionic head

groups. As more water is added to the system, the properties of the pool

become more like those of bulk aqueous media(55). These properties have

made these inverse structures useful in a number of special techniques,

several of which are discussed by Pelizzetti and Pramauro (48).



Organic
Solvent

Fig. 7 Schematic representation of an inverse micelle.
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1.2.2 Micelle-substrate interactions

Incorporation of a substrate into an aqueous micellar solution affects both

micelle and substrate properties. Inclusion of hydrophobic substrates into

micellar solutions generally causes a decrease in the cine of the system(57).

Solubilization of relatively large amounts of nonpolar molecules can also

alter the aggregation number (N) of the micelle (58). Thus, substrate

solubilization may result in the aggregation of fewer or greater numbers of

amphiphile per micelle and hence, alteration of the size of the micelle.

Substrates having amphiphilic character may exhibit a special interaction

with micelles and align themselves with the more polar end of the molecule

directed outward towards the head groups of the micelle and the tail

directed inward towards the core of the micelle. These interactions between

micelles and solubilized substrates are highly dynamic.

1.2.3 Micellar catalysis

Many reviews have been written about the action of micelles with respect

to Ihe catalysis of reactions (5961), These works deal in great detail with the

mechanism of specific reactions and the actions of micelle in those systems.

It is generally accepted that one frequently observed mechanism of micellar

catalysis arises from concentration of the reagents into a very small volume,

thereby increasing the observed rate of reaction simply by boosting the

concentration terms within the rate equation. That is to say, the intrinsic rate

constant for a given reaction is tiot affected by the organization of the

medium. If the micellar system results in a different reaction pathway, then

the rate constant necessarily is altered by the use of such systems. For

example, if one of the reactants undergoes disproportionation, inclusion of

that reagent into the micellar phase will result in catalysis of that process,

which may or may not be the reaction of interest. Furthermore, the addition
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of an ionic reagent to the system, which interacts with the micelle surface,

may result in the alteration of the micelle system itself, causing transitions

from spheroidal aggregates to rod-like structures having much less surface

area and thus less reaction zone for the catalysis of the reaction of interest.

While these pitfalls must be avoided, in general micelles can provide

acceleration of desired reactions especially at the low levels of reactants

usually employed in analytical situations.

1.2.4 The analytical utility of micelles

The analytical utility of micelles is evident in a wide variety of analytical

techniques from instrumental to classical wet chemical methods of

analysis(48>49>57). As more studies are reported, more investigators are

convinced to attempt the use of micelles in their particular areas of interest.

1.2.4.1 Electrochemical measurements

The use of micelles in electrochemical investigations has recently been

reviewed (47'4 \ Micelles have found utility as organized media for a variety

of electrochemical research efforts, including mimetic membranes for redox

studies(62), energy storage (63"65) and electrocatalysis(66>67>.

As reviewed by Mclntire (47), the possible utility of micelles in

electroanalytical chemistry can be divided into several categories. They

include electrochemical masking, electrocatalysis and the provision of

low-cost and nontoxic alternative to nonaqueous solvents. Furthermore,

micelles have also been used in a variety of electrochemical researches

venues other than classical electroanalytical studies(60>63).
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1.2.4.2 Micelle in spectrophotometry

The utility of micelles in spectrophotometric methods of analysis is perhaps

the most popular and oldest area of micellar application in analytical

chemistry. The utility of micelles in spectrophotometric measurement is

derived from several possible effects upon the system of interest. The well-

documented effects of micellar system upon acid-base chemistry of even

slightly associated molecules can enhance (or degrade) the analytical

quality of a given method (68\ In the field of metal ion complexation, much

work has been carried out which suggests that the surfactant (within the

micelle) takes part in the formation of a ternary complex with concomitant

shifts in the wavelength of absorption <49'69). Finally, as always, the ability

of the micellar system to solubilize slightly insoluble or even very insoluble

complexes and/or ligands has been used to enhance the analytical merit of

given methods (70>71), Several of the effects mentioned earlier result in part

from ion exchange or acid-base properties of micellar solutions.

1.2.4.2.1 Acid-base considerations

The effects of micelles upon the acid-base properties of a variety of

indicator acids were noted early on by Hartley(72), and expanded upon by

Hartley and Roe (73). While elegant theories have been developed to

rationalize these types of observations since that time it is sufficient here (o

note dial apparent pKu alterations arise primarily from a combination of

electrostatic and microenvironmental affects of the micelle(74>75).

The observed variations in acid-base propu.ics in micellar systems can be

analytically beneficial as demonstrated earlier. In fact, many shifts in

absorbance maxima of various dyes upon incorperation into micelles result

from such acid-base equilibria (76). Yet, it should be noted that these same

effects could potentially inhibit desired reactions upon micellization,
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thereby diminishing the analytical utility of that particular method.

Nevertheless, these micellar effects can and have been used to great

advantage.

1.2.4.2.2 Micelle-Iigand effects

A growing application of micelles in analytical chemistry involves the

beneficial alteration of metal ion-ligand complex spectral properties via

surfactant association. The addition of micelles to these chelates can affect

both the wavelength of choice and increase the absorbance (fluorescence)

of the resulting species over that of the normal binary complex (77).

Cermakova (77) suggests that the observed spectral alterations result from

micelle effects upon the ionization equilibria of the ligand dyes rather than

actual complexation of the metal ion itself by the surfactant. Most of Ihe

reported work in this area deals with effects of cationic micelles on

complexes of negatively charged ligands with metal cations (47-48).

1.2.4.2.3 Solubilization effects

The ability of micelles to solubilize analytically useful complexes can

obviate the need for nonaqueous extraction steps in a given analysis (7iU9).

This may not appear to be a major advantage until one con. iders

automation of these analyses.

1.2.4.2.4 Micelle in luminescence techniques

Fluorescence probe molecules have been used for many years to study

micelle dynamics, solute distributions, micellar microenvironments and

micellar effects upon reaction kinetics(8082), These systems are particularly

attractive with respect to micelle dynamics because the temporal

dependence of the fluorescence event is sufficiently fast that it exceeds all

of the micelle kinetic processes. Thus, fluorescent probes can be used to

estimate the dynamics of surfactant monomer entry and exit from the
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micellar aggregate, substrate entry and exit (residence times) and micelle

dissolution (8082). Micelles have turned the tables and become the vehicle

rather than the subject with respect to the analytical utility of fluorescent

methods. These microheterogeneous systems present several advantages

over conventional homogeneous solution techniques including increased

sensitivity, reduced interferences and enhanced experimental

convenience(83). These effects are observed in both ionic and nonionic

micelles with charged-charge interactions being important in some cases

and not in other. Conversely, nonionic micelles may enhance fluorescence

in one system and actually quench these emissions in others and these

effects may vary from one type of nonionic micelle to another(iW). It is

clear, however, that the micelle enhancement of fluorescence is just tliat-

micellar! The concentration of surfactant must exceed the cmc to observe

these effects (84).

Phosphorescence has not achieved marked success in routine analysis due

to restrictive sample preparation requirements. Samples are normally

immobilized in either low temperature glasses or upon solid supports i.e,

filter paper. In either case, the experiments are not convenient and often

suffer from unwanted fluorescence and a need for sophisticated

instrumentation. The introduction of micelle-stabilized room temperature

phosphorescence (MSRTP) by Cline-Love in 1980 offered a dramatically

altered method of phosphorescence analysis (85l Their work demonstrated

the room temperature phosphorescence of deoxygenated micelle solutions

of various polycyclic aromatic hydrocarbons (PAH). The requirements for

MSRTP include having concentrations of surfactant present sufficient to

guarantee micelles, the presence of heavy atoms to promote intersystem

crossing and the exclusion of oxygen from the solution.
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Recently, there have been increasing interest in investigating the

enhancement of chemiluminescence by surfactants and its mechanism.

Many chemiluminescence systems have been found to be enhanced by

different kinds of surfactants(86). As the enhancement of chemiluminescence

by surfactants is very complex, the explanations for mechanisms in

different cases are therefore not the same, but they are always related to the

formation of micelles.

Inverted micelles have demonstrated advantages in some

chemiluminescence measurements. Igarashi and Hinze (87) have reported

that the use of hexadecyltrimethylammonium chloride (CTAC1) in a mixed

chloroform cyclohexane solvent system affords the opportunity to cany out

the enzymatic generation of hydrogen peroxide and the luminol- peroxide

chemiluminescence detection scheme simultaneously. Normal bulk aqueous

methods require preliminary peroxide generation, followed by pll

alterations for subsequent luminescence detection. These types of systems

have also been used to detect Cu(II) at subprogram levels in tap water in

a flow injection analysis setting (88). The extreme sensitivity of these

methods together with the potential for automation suggests that this will be

an area of interest for some time.

1.2.4.2.5 Other spectrophotometric methods

The utility of micelle has been reported in several other areas. Both atomic

absorption (5O'5!) and emission have been carried out in micelle solutions

with some advantages. It is not clear at this time what exactly governs

these responses. Analyte could be concentrated at the interface of solution

droplets in a sort of micellar catalysis, or the size of the droplets could be

optimized by the effects of surfactant upon surface tension (51). In any

event, it is not yet feasible to predict how micelles will affect a given

analysis in these areas.
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1.2.4.3 Micelles in analytical separation

Micelles have been employed in a wide range of analytical techniques

which can be grouped under this heading (48>57), In fact, this subspecialty

of micellar analytical utility has produced several reviews (> ' and

a monograph indicative of Ihe level of interest in this particular application

of micelles, while micelles have been used in a variety of separation

applications, three areas currently stand out in terms of importance. These

are (1) micelles in extraction process, (2) micelles in chromatography and

(3) micelles in electrokinetic separations.
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1.3 Flow injection analysis (FIA)

1.3.1 Principles of flow injection analysis

Flow Injection Analysis (FIA) is an automated or semi-automated analytical

sample processing technique which is based on the injection of a well

defined sample volume into an unsegmented carrier or reagent stream

continuously moving through a small bore tube, propelled by a constant

volume pumping system, while the sample solution is transported towards a

suitable flow through detector, it is mixed with the carrier stream and may

undergo different physical and chemical changes, eventually forming a

product which can be measured by the detector. The output signal is a

characteristic peak which yields the analytical result(90).

This technique which called flow injection analysis (FIA) was introduced in

1970 by Nagy et al.(91). The work by Ruzicka, Hansen(92) and Stewart el

al. (93) has stimulated recent interest in this technique, but the individual

contributions of the earlier workers provided much of the basic

understanding needed for the development of (FIA). Subsequent

developments have been veiy rapid and steadily increasing range of

application have now accumulated(90).

Continuous flow analysis was invented by Skeggs and introduced

commercially in 1957 (94). In its broadest meaning the term continuous flow

analysis refers to any process in which the concentration of analyte is

measured uninterruptedly in a stream of liquid (or gas). For serial assays,

successive samples are introduced into the same path (length of tubing)

with reagent being added at certain points and mixing and incubation taking

place while the sample went on its way towards a flow cell where the

sample is monitored continuously and recorded. The greatest difficulty to

overcome is to prevent intermixing of adjacent samples during their passage
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through the analyser conduit. This obstacle was circumvented by using an

air segmented stream to preserve the identity of individual samples. The

following stream is regularly segmented by air bubbles delivered by

a separate pump tube to meet the following goals (95).

(a) prevention of cross-colitamination between samples;

(b) hindering the dilution or dispersion of the sample plug inserted into

the flow;

(c) generating a turbulent flow by compression of the bubbles whereby

both physical (homogenisation of the zone between two bubbles) and

chemical equilibrium (thorough mixing of reagent and sample) may

be attained. However, the presence of the air bubbles in the flow

stream has led to a series of problems. Those are manifested in the

followings(94-95).

(a) because of the compressibility of air, the stream tends to pulsate rather

than to flow regularly;

(b) the streams have to 'be debubbled before they reach the flow cell or

before being repumped;

(c) the size of the air bubbles has to be controlled;

(d) the pressure drop and flow velocities vaiy for different tubing

materials;

(e) air bubbles in plastic tubing act as electrical insulators, siipp'^'M*

a build-up of static electricity that disturbs potentiometric sensors;

(f) the efficiency of dialysis, gas diffusion across the membrane and

solvent extraction is lowered as a result of a decrease in the effective

transfer surfaces;

(g) the movement of the carrier stream is difficult to control, instantly

stopped, or restarted.
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However, flow operations combine the following advantageous features (9t).

1. they are easier to automate, since they replace the mechanical

handling of oddly shaped containers by sequential movements of

liquids in tubes;

2. flow operations are much easier to miniaturise by using smallbore

tubing;

3. micro volumes are conveniently manipulated and metered by

pumping;

4. they eliminate the problem of liquid evaporation as closed tubes are

used;

5. they are easier to control in space and time;

6. flow can be mixed, stopped, restarted, reversed, split, recombined

and sampled;

7. they provide an environment for highly reproducible mixing of

components and formation of reaction products;

8. they permit the use of most detectors in a reproducible manner.

FIA was originated as a method for rapid assay, however, it soon became

apparent that FIA, by virtue of its reproducible sample development, could

be used for an even enhance those pretreatment steps which are typically

performed manually. Reproducibility is improved through removal of

human intervention and bias. In addition, pretreatment steps performed

using FIA are rapid and, when the samples are toxic or pathogenic, FIA

offers the advantages of rerihoving or at least minimizing human exposure.

Thus FIA, as it is a general means of solution handling, is applicable to

a variety of tasks ranging from pll or conductivity measurement to

colourimetry titrations, And enzymatic assays. The design of the flow

system is profoundly dictated by the function to be performed. For pi I
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measurement, conductimetric or simple atomic absorption measurement,

the sample has to be transported through the FTA channel and into the

flow cell in an undiluted form and in a highly reproducible manner. For

other types of determinations, such as spectrophotometry, flourimetry, or

chemiluminescence measurements, the analyte has to be converted to

a compound measurable by a given detector. Such assays require that the

sample zone is mixed with a reagent and sufficient time is allowed for

production t>f a desired compound in a detectable amount during the

transport through the FIA channel((>l).

The essential features of the FIA are (95).

(a) the flow is not segmented by air bubbles, which is the fundamental

differeiice from classical continuous flow analysis CFA;

(b) the sample is injected or inserted directly into the flow instead of

being aspirated into it;

(c) as the injected plug Is carried along the system, physicochemical

processes (chemical reaction, dialysis, liquid-liquid extraction, etc.)

can occur in addition to transport;

(d) the dispersion or dilution of the analyte throughout this transport

operation can be manipulated by controlling the geometric and

hydrodynamic characteristic of the systems;

(e) a continuous sensing System yields a transient signal which is suitably

recorded.

(f) neither physical equilibrium (which would involve the

homogenisation of a portion of the flow) nor chemical equilibrium

(completeness of the reaction) has been attained when the signal is

detected;

(g) the operational timing must be reproducible because measurements

are made under non-stable conditions.
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The simplest flow injection analyzer consists of a pump, (P) which is used

to propel the carrier stream through a thin tube; an injection port, by means

of which a well-defined volume of a sample solution, (S) is injected into the

carrier stream in a very reproducible manner; and a reaction coil in which

the sample zone disperses and reacts with the components of the carrier

stream forming a species which is sensed by a flow-through detector and

further recorded. A typical recorder output has the form of a peak, the

height (II), of which is related to the concentration of the analyte. The time

span between the sample injection (S), and the peak maximum, which

yields the anlytical readout, is the residence time (T), during which the

chemical reaction takes place (95).



B

Fig. 8 (A): Schematic diagram of the simplest single-line FIA manifold

(B): A typical recorder output as obtained with

aspectrophotometric flow through cell

R: carrier stream of reagent

P: pump

S: sample injection

Fc: flow through cell

W: waste

II: peak height

T: residence time
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To be able to understanding why FIA yields easily reproducible and useful

analytical readout. It necessaiy to know that this technique is based on

a combination of three features .

1. Sample injection, the aim of sample injection is to introduce, in

a highly reproducible manner, a well-defined volumes and length of

sample into a continuously moving stream in such away that the flow

of the stream is not disturbed. The injection method can be manual or

automated. It has evolved (%) and now is executed by a specially

constructed valve (97). The exactness of the injection method makes it

possible to abandon the concept of steady-state signal and allows the

sampling frequency to be considerably increased, whereas sample

and reagent consumption are reduced.

2. Reproducible timing, FIA differs from traditional analytical methods

in that measurements are not made at equilibrium, that is, the reaction

is monitored on the exponentially rising portion of the peak (92).

Therefore, in order to ensure accuracy and precision, highly

reproducible time is essential. This means that particular attention

must be given to two parts of the systems, the injection valve, and the

pumping mechanism. The readout will be affected by any

imprecision in the residence time of the sample, which means that the

time elapsed between the injection of the sample and the inflection

point of the peak -should be the same for all the samples.

3. Controlled dispersion, dispersion is one of the most important

parameters to control in FIA, when a sample zone is injected into a

continuously moving, unsegmented earner stream and then flow with

this stream, it is' dispersed (diluted) in a veiy specific and

reproducible way.
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Ruzicka and Hansen (98) defined dispersion as the ratio of concentration

before and after the dispersion has taken place in the element of fluid that

yields the analytical readout. Considering that the analytical readout in Fl A

is normally obtained from a peak height, the dispertion D has been defined

as the ratio of the peak height given by the original concentration of the

sample Co to the concentration when diluted by dispersion in the stream,

which corresponds to the maximum of the peak height Cmax
 (99) Fig. 9.

D*= Co

C
*^ m ax

Dispersion has been classified as:

(a) Limited dispersion, dispersion should be limited (D= 1-3) in order to

maintain sample integrity and avoid dilution if reproducible

introduction or transportion to the sensor is the purpose the flow

system.

Limited dispersion ensures that the readout at the centre of the sample

zone is only slightly affected by mixing with the surrounding carrier

stream. Limited dispersion is achieved by injection a relatively large

sample volume into a short length of tubing which connects directly to

the detector. Liniited dispersion is also used in atomic absorption

spectroscopy(100).

(b) Medium dispersion, in FIA systems where a chemical reaction has to

take place in order to obtain a measurable product from the species to

be determined, sufficient time should elapse before the sample reaches

the detector so the reaction, mixing and other possible procedure

might take place. For such measurements, the dispersion should be

medium (D=3-10).

(c) Large dispersion, large dispersion (D>10) has been found desirable in

the following instance.
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Fig. 9. Dispersion in the FIA system
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D l t o 3

D 3 to 10

Fig. lO.Limited, medium and large dispersion types
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1. Slow reaction, when there is a slow reaction, a certain residence

time is demanded so that the reaction is allowed to progress until

a signal of sufficient magnitude is obtain<94).

2. Need of sample dilution, when Ihe sample material is over-

concentrated to be assayed directly, large dispersion is

recommended. It can be done in such a way that the speed of the

response and the sampling frequency would be as high as in

limited and medium dispersion systems (10I).

3. Need of concentration gradient, the production of a concentration

gradient is required for flow injection titration (i02) where the peak

width is measured (in time units) not the peak height because the

peak width is correlated with (he quantity of titrant, which is

equivalent to the quantity of analyte present in the system. As a

result it is advisable to increase the length of the sample loop so

that the sample zone will take an appreciable period of time (30

second or more) to pass through the flow cell (91\

The overall dispersion, which occurs in FIA, is produced by the addition of

the individual contribution of each component in the system that is from:

(a) the injection procedures; which depend on the sample volume and the

method utilized in injection;

(b) the flow-through reactors and connectors;

(c) the hold up volume of the flow-through detector and the time

constants of the associated electronic.

The dispersion of the sample is governed by:

(a) the tube internal diameter;

(b) flow rate;

(c) sample volume;

(d) length of reaction coil;

(e) presence of other components.
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The FIA has a characteristic peak shape; it broadens as the sample moves

towards the detector and changes from the initial shape to a more

symmetrical and eventually Gaussian curve. The essential features of the

FIA curve are (95).

(a) Peak height, H, which is related to concentration of the component

determined in the injected sample. The peak area, which can be used

instead, requires employing an integrator analogous to those used in

gas chromatography;

(b) Residence time, T, which is defined as the span elapsed from injection

until the maximum signal is attained. It should not be confused with the

travel time ta, which the period elapsed from injection to the start of the

signal (1-2% increase above base line);

(c) Return time, T , which is the period between the appearance of the

maximum signal and the return to the base line;

(d) Base line-to base line time t, defined as the interval between the start

of the signal and its return to the base line, this parameter is a measure

of the dispersion or dilution of the analyte.

The instrumentation for flow injection analysis system is relatively simple.

The apparatus should be tested in order to know its dispersion before

studying the "real chemistry". The basic components of a FIA manifold are

1. pumps;

2. injection valves; Fig. !:

3. reacting coil connector and other manifold components;

4. detector;

5. readout devices.
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Most detector which can be equipped with a flow through cell, the detector

must respond instantly and selectively to the analyte concentration with

maximum signal yield. Many detectors have been used based on techniques

such as colourimetry (101>, spectrofluorometry(103), atomic absoiption <104),

voltammetry (!05) and chemiluminescence(106).
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Research Objective

Spectrophotometric methods combined with flow injection analysis have

been widely used in recent years.

The objectives of this work is to investigate the optimum flow injection

conditions for the detennination of Fe(IIl) and V(V) using phenylfluorone,

this in combination with micelles and to study the interference of foreign

metal ions on the absorbance of each complex.
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(A)

(B)

*> C'lvnn lint

Fig. 11. (A): Typical Rheotlyne low pressure teflon rotary valve.

(B): Cross section of a 4*way rotary valve interchange

between two stream.
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CHAPTER TWO
EXPERIMENTAL



Experimental

2.1 Instruments

1. Griffin's melting point apparatus.

2. Perkin Elmer UV/VIS Spectrophotometer model 550S.

3. Perkin Elmer IR Spectrophotometer model 1330.

4. Flow cell.

5. Peristaltic pump.

2.2 Chemicals

All reagents were analytical grade unless otherwise stated. The water used

was distilled deionised water.

Acetic anhydride, sulphuric acid, benzaldehyde, 1-4-benzoquinone,

absolute ethanol, N,N-dimethylformamide (DMF), iron(III)nitrate,

ammonium metavandate, ammonium molybdate, titanium oxide, sodium

n-dodecylsulphate, n-hexadodecylpyridinium bromide monohydrate all

were purchased for BDH (UK).

2.3 Synthesis of phenylfluorone (PHF)

Phenylfluorone is synthesised by condensation of hydroxyquinone triacetate

and benzaldehyde .

2.3.1 Synthesis of hydroxyquinone triacetate
(1,2,4-benzentrioI triacetate)

The method used was that of Valiet(107), in which 1.0 ml of concentrated

sulphuric acid was added to 28 ml of acetic anhydride in a 250 ml beaker.

lOg of 1,4-bcnzoquinonc were added gradually in small portions to the

well-stirred solution. The temperature was rised and should be held at
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40-50°C during the addition of the quinonc. A temperature higher than

50°C leads to decomposition of the product whereas lower temperature

causes much lower slower reaction. After the addition, the reaction mixture

was allowed to stand until the temperature felt to 25°C where the whole

reaction mixture solidifies. The solid was then scraped off into a 250 ml of

cold water (4°C) contained in 600 ml beaker, stirred quickly and filtered by

suction. The product was used in the next synthesis without further

treatment.

2.3.1 Condensation of hydroxyquinone triacetate and benzaldehyde

The hydroxyquinone triacetate from the above step was hydrolysed by

heating with a mixture of 50 ml of absolute ethanol, 40 ml of water and 15

ml of 10M H2SO4 in a boiling water bath. After cooling to room

temperature, 7 ml of bcnzaldehyde was added and the reaction mixture was

allowed to stand for ten days, whereupon shiny red-brown crystals

separated wliich was filtered by suction. The filtre was placed in a 250 ml

beaker, 150 ml of water was added and the mixture was heated to boiling.

The water was decanted off, another 150 ml of water was added to the

residue, and the mixture was boiled and filtered by suction. The filtered

material was air dried to leave shiny red-brown crystal (Yield 59%

m. p>300°C decomposition)

2.3.3 Identification of PHF

The IR spectrum of phenylfluorone was recorded on infrared spectrophoto-

meter. The spectra were measured at room temperature, with the

phenylfluorone dispersed in KBr disk pellets. The IR Spectra of

phenylfluorone showed the characteristic bands of C-O-C at 1160 cm'1, OH

band at 3100-3400 cm'1 (due to intermolecular hydrogen bond) and R-C-R

band at 1690cm"1 . °



(CH3CO)2Ow

Fig. 12. The synthesis of phcnylfluorone
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2.4 Preparation of various working solutions

2.4.1 Standard metal iolris solutions!

100 ppm stock solutions of each metal ions (Fe(III), V(V), Mo(VI) and

Ti(IV))were prepared from the corresponding sail by dissolving the

following weigfit in a 250 ml volumetric flask: 0.1089 g of iron(IH)nitrate,

0.0574 g of ammonium metavandate, 0.032219 g of ammonium molybdate

and 0.0418 g of titanium oxide dissolved in sulphuric acid. The working

solutions were prepared by serial dilution of the stock solution with water.

2.4.2 Micelles solutions

lxlO^Ivf stock solution of micelles were prepared from the corresponding

micelle salt by dissolving the following weight in a 250 ml volumetric

flask: 7.2095g of sodium n-dodecylsulphate and 9.6112 g of

n-hexdodecylpyridiiiium bromide. The working solutions were prepared by

serial dilutions of the stock solution with water.

2.4.3 PhenylflUorone solution

lxl0"3M stock solution of phenylfluorone was prepared by dissolving

O.O32g of PHF in a 100 ml volumetric flask using 20% DMF. The working

solution was prepared by serial dilutions of the stock solution with water.
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2.5 Establishing the conditions for tHe maximum absorbance of

pheiflyifluorcme using batch technique

2.5.1 Investigation of the wavelength and absorbance of

phenylfluorone

To determine the wavelength of maximtfm absorbance and study the effect

of tnicelles on the wavelength and maximum absorbance, samples were

prepared from lxfO"6M PHF irt different micelle concentrations of either

n-hexadodecylpyrldinum bromide or sodium n-dodecylsulphate. The results

are shown in Tables 1-5 and figs. 13 and 14.

Table 1. Effect of n-dodecylpyridimmi bromide on the

wavelength of PHF

Concentration (M)

0.00

lxlO"2

lxlO"3

lxlO4

lxlO-5

Wavelength (nm)

412

416

416

412

412

Table 2. Effect of sodium n-dodecylsufphate on the wavelength of PHF

Concentration (M)

0.00

lxlO'2

lxlO"J

lxlO"4

lxlO'5

Wavelength (nm)

412

412

412

412 j

4 1 2 -
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Table 3. Effect of n-hexdodecylpyridihtiiti bromide on the

absorbance of Pill7

Concentration (M)

0.00

lxlO"2

lxlO"3

lxlO"4

lxlO-5

Peak height (cm)

9.3

11.5

11.2

10.9

10.6

Table 4. Effect of sodium rt-dodecylsulphate on the ab'Sorbance of

PIIF

Conceritration (M)

0.00

lxlO"2

lx l 0"J

lxlO-4

lxlO"5

Peak height (cm)

9.3

6.15

6.25

6.4

6.5
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12.0 -i

11.5 -

11.0 -

I

•If 10.5 -

P

10.0 -

9.5 -

9.0

0.0

I I T T

1.0 0.1 0.01 0.001

Concentration (1x10 2)M

Fig. 13. EfFefct of rf-hexdddecylpyrtdinum bromide on the
absbrbaticeofPIIF
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9.5 i

9.0

8.5 -

8.0-1
J3

'23

a

7.0 -

6.5

6.0 T I

0.0 1.0 0.1 0.01

Concentration (1x10 2)M

0.001

Fig. 14. Effect of sodium n-dodecylsulphate on the
absorbance of PIIF
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2.5.2 Effect of micelles on the wavelength and absorbance of

PIIF complexes with Fe(lII) and V(V)

To study the effect of micelles on the wavelength and absorbance, before

using the flow injection, Fe(Ill)-PHF and V(V)-PHF complexes were

prepared from 25 ppirt of either Feflll) or V(V) ions into 1x1 O^M PIIF

into different nficelle concentrations of either n-hexadodecylpyridinum

bromide or sodivm n-dodecylsulphate, the result are shown in Tables 5-8

and Fig 15.

Table 5. Effect of" n-hexadodecylpyridinum bromide on the

wavelength of Fe(IIT)-PTIF and V(V)-PIIF complexes

Concentration (M)

0.00

lxKr2

ixlO"3

lxlO"4

IxlO'5

Wavelength (nm)

Fe(III)

428

414

414

414

414

V(V)

412

-

-

404

412

Table 6. Effect of sodium n-dodecylsulphate on the wavelength of

Fe(Itt)-PIIF and V(V)-PHF complexes

Concentration i[M)

0.00

ixlO"2

lxl0"J

lxlO"4

lxlO-5

Wavelength (nm)

Fe(III)

i 428

410

410

410

410

V(V)

412

408

408

408

408
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Table 7. Effect of n-hexadodccylpyridinum bromide on the

absorbance of Fe(HI)-PIIF and V(V)-PHF complexes

Concentration (M)

0.00

lxlO"2

lxlO~J

lxlO"4

lxlO"3

Peak height (cm)

Fe(lll)

9.5

12.4

12.2

12

11.9

V(V)

9.9

-

-

9.9

9.9

Table 8. Effect of sodium n-dodecylsulphate on the absorbance of

Fe(HI)-PIIF itnd V(V)-PHF complexes

Concentration (M)

0.00

lxlO"2

lxlO"J

lxlO"4

lxlO"5

Peak height (cm)

Fe(III)

9.5

10.0

10.0

10.0

10.0

V(V)

9.9

10.2

10.2

10.2

10.2
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12.5 -,

12.0 -

115 -

& 11.0-I
J3
bt)

'3

Pi

io.5 H

10.0 -

9.5 -

9.0 T—

0.0

~i 1 1 1 1 1 r

1.0 0.1 0.01 0.001

Concentration (txlO 2)M

Fig. 15. Effect of n-hexdodecylpyridinum bromide on the
absorbance of Fe(H[)-PIIF complex
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2.6 Optimizatin of the flow injection conditions for phenylfluorone

To optimize the conditions for flow injection with lxlO'6M PI IF, different

combinations of solution mixtures and different carriers were used, these

are shown in Tables 9,10 and Figs 16-20

Table 9. Effect of n-hexadodecylpyridiinnn bromide as a carrier on the

absorbanceof 25 ppm Fe(IlI)-PIIF and 25 ppm V(V)-PIIF

complexes

Concentration (M)

0.00

lxlO'2

lxl 0"J

lxlO"4

ixlO"5

Peak height* (mV)

Fe(III)

2.2

2.9

2.5

1.9

1.8

V(V)

0.6

-

-

-

-

* average of three readings
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S3

3.0

2.9

2.8

2.7

2.6

2.5

2.3 -

£ 2.2

2.1

2.0

1.9

1.8

1.7

0.0 1.0 0.1 ooi

Concentration (1x10 2)M

0.001

Fig. 16. Effect of n-hexadodecylpyridinum bromide as a carrier on
the absorbance of 25 ppm Fe(III)-PIIF complex
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Table 10. Effect of sodulni n-dodecylsulphate as a carrier on the

dbsorbaitce of 25 ppm Fe(III])- PIIF and 25 ppm

V(V)-PIIF complexes

Concentration (M)

0.00

lxlO"2

lxlO"3

lxlO"4

1x10'*

Peak height* (mV)

Fe(TIl)

2.2

3.1

2.3

2.2

1.6

V(V)

0.6

0.4

0.4

0.4

0.4

* average tof three leadings
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3.3 -,

3.0 -

2.7 -

4-1

!§> 2.4 -

2.1 -

1.8 -

1.5
0.0 1.0 0.1 0.01 0.001

Concentration (lxtO~2)M

Fig. 17. Effect of sodium n-dodecylsulphate as a carrier on
the absbrbahce of 25 ppm Fe(III)-PIIF complex

58



Table 11. Effect of 1I2O as a carrier on the itbsorbance of 25 ppm

Fe{Hl)-PlIF and 25 ppm V(V)-PIIF complexes and

different concentrations of n-hexklodecylpyridinum bromide

Concentration (M)

0.00

lxlO-2

lxlO'3

lxlO"4

lxlO"5

Peal height* (mV)

Fe(TII)

2.2

1-4

1.9

2.0

2.1

V(V)

0.6

-

-

-

-

* average of three readings

Table 12. fcffect of H2O as a carrier on the absorfcance of 25 ppm

Fe(III)-PHF and 25 ppm V(V) P1IF complexes and

different concentrations of sodium n-dodecylsulphate

Concentration (M)

0.00

lxlO"2

lx l0 ' J

lxlO"4

lxlO"3

Peak height* (mV)

Fe(III)

2.2

5.5

5.3

5.0

3.8

V(V)

0.6

5.1

4.4

4.3

2.0 •

* average of three readings



2.3 n

2.2

2.1 -

2.0 -

1.9 -

*3 L

XS

8 1.7 -

1.6 -

1.5 -

1.4 -

1.3

0.0

I i

1.0 0.1 0.01

Concentration (1x10 2)M

0.001

Fig. 18. Effect of H2O as a carrier on the absorbance of 25 ppm
Fe(IlI)-PHF tomplex and different concentrations of

n-hexadodecy!pyridinum bromide
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6.0 n

5.5 -

5 . 0 -

4 . 3 -

.2P 4.0 -

«
3.5 -

3 . 0 -

2 . 5 -

2.0 i i r

0.0 1.0 0.1 0.01

Concentration (lxlO"2)M

0.001

Fig. 19. Effect of II2O as a carrier on the absorbaiice of 25 ppm
Fe(III)-PIIF complex and different concentrations of

Sodium n-dodecylsulphate
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'ig
ht

1

5.5

5.0

4.5

4.0

3.5

3.0

2.5

2 . 0 -

1.5 -

1.0 -

0.5
0.0 1.0 0.1 0.01

Concentration (1x10"2)M

0.001

Fig. 20. Effect of H2O as carrier on the absorbance of 25 ppm
V(V)-PHF complex and different concentrations of

sodium n-dodecylsulphate
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2.7 Calibration curves

After investigation of the different conditions and their effects on the

absorbance of Fe(III)-PHF and V(V)-PI IF complexes, calibration curves

for Fe(HI)-PHF and V(V)~PI IF complexes were constructed using 1 x 10" 'M

PHF,, lxiO"2M sodium n-dodecylsulphate and H2O as a carrier. The results

are shown in Tables 13,14 and Figs. 21 and 22.

Table 13. Calibration curve for Fe(fII)-PtIF using 1x10 flM PHF and

II2O as a carrier

Concentration (ppm)

10

8.0

5.0

3.0

1.0

0.8

0.5

0.0

Peak height* (mV)

4.5

3.4

2.2

1.1

0.38

0.25

0.25

0.25

* average of three readings
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5.0

4.0

3.0

2.0 •

1.0 •

0.0

0.0 2.5 5,0

Conterilnilion (ppm)

7.5 10.0

Fig. 2 1 . Cal ibrat ion curve for F e ( I l l ) - P H F using l x l O 6 M PI1F, 1x10 2 M
iilfitt n-dodecylsi l lpliate and II2O as a carrier
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Table 14. Calibration curve for V(V) PUF using lxlOf>M P1IF and

IT2O as a carrier

Concentration (ppm)

15

12

10

8.0

5.0

2.0

1.0

0.0

Peak height* (mV)

3.6

2.9

2.2

1.5

0.7

0.32

0.25

0.25

* average of three readings
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4.0

3.5

3.0

2.5 •

JSP 2.0 •

•a
..5

1.0

0.5 •

0.0

0.0 4.0 8.0 12.0 16.0

Fig. 2 2 . Ca l ibrat ion curVfe fofr V(V)-i*HK using 1x10 flM PIIF , 1x10 2 M
sodium it-dudecylfuilphai^ and II2O as a carr ier
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2*8 Effect of foreign metal ions on the absorbance of

Fe(III)-PHF and V(V)-PFIF complexes

Effect of foreign metal ions was investigated by preparing different

concentrations of each metal ion in 15 ppm Fe(III) and 15 ppm V(V),

in lxlO'6M PHF, lxlO"2M sodium n-dodecylsulphate and using H2O as

a carrier. The samples were injected under the optimum condition. The

results are shown in Tables 15 and 16.

Table 15. Effect of foreign metal ions on the absorbance of 15 ppm

Fe(IIl)-PHF complex

Concentration(ppm)

0.00

5

10

20

30

40

50

Peak height* (mV)

V(V)

5.5

5.6

6.3

7.1

7.9

12.3

16.3

Mo(VI)

5,5

6.2

7.0

7.8

7.2

7.5

7.1

Ti(IV)

5.5

5.1

5.2

5.2

5.3

5

5

* average of three readings
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Table 16. Effect of foreign metal ions on the absorbance of 15 ppm

V(V)-PIIF complex

Concentration (ppm)

0.00

5

10

20

30

40

50

Peak height* (mV)

Fe(III)

4.4

5.3

7.1

10.4

12.2

15.5

19.1

Mo(Vl)

4.4

4.9

4.7

10.1

10

10.7

11.2

Ti(IV)

4.4

1.3

0.6

0.5

0.3

0.5

0.6

* average of three readings
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CHAPTER THREE
DISCUSSION



Discussion

Since the use of xanlhene dyes in the combination with surfactants has long

been used for analytical determination of metal ions by batch method ^ \

The use of this combination with flow injection represents, a new approach

for the merits it provides.

With batch method, Tables 1 and 2 show the two micelles used in this

study i.e hexadodecylpyridinum bromide and sodium n-dodecylsulphate

have no effect on the wavelength of the maximum absorption

of the phenylfluorone. On the other hand, n-hexadodecylpyridinum

bromide increases the absorbance of PI IF in the range of 23.7-14% (l><10" ,

lxlO~5M), whereas sodium n-dodecylsulphate decreases the absorbance in

the range of 34-30% (lxl0'2,lxl0"5M) as Tables 3 and 4 show,

respectively.

Also with batch method, n-hexadodecylpyridinum bromide had

shifted the wavelength of maximum absorption of PIIF-Fe(III)

complex from 428 nm to 414 nm and that of PI 1F-V(V) complex from

412 nm to 404 nm (hypsochromic shift). While sodium n- dodecylsulphate

had shifted the wavelength of the maximum absorption of PHF-Fe(lII)

from 428 nm to 410 nm and that of PIIF-V(V) from 412 nm to 408 nm,

Tables 5 and 6.

However, both micelles had increased the absorbance of phenylfluorone

metal ions complexes as in Tables 7 and 8. With the exception of

hexadodecylpyridinum bromide with PHF-V(V) complex where either

there is no change in the absorbance (lower concentration) or

conversion of the complex to a turbid solution (higher concentration).
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increases the absorbance of PHF-Fe(III) in the range of 30-25% for sodium n-

dodecylsulphate with PHF-Fe(III) and PHF-V(V) complexes the increase is by

5% and 3%, respectively.

However, the use of flow injection instead of batch method produced

interesting results. When the flow injection techniques was used two

approaches were practiced; the use of micelles or water as carrier. In

general, the use of micelles as carrier is not a practical one because it leads

to higher consumption of the reagent unless it is weighed out by

outstanding results.

Two major points can be ftoticed between the batch method and the flow

injection method. The first is that the absorbance of the complex in the

presence of the micelle is lower in the flow injection than the batch method

and that may be due to smaller samples volume used with the flow injection

compared to that used in the batch method. The second point is that

sodium n-dodecylsulphate had produced higher absorbance with

phenylfluorone metal ions complexes, when it used either as a canier, Table

10, or in conjunction with metal ions and the water as a carrier Table 12.

The calibration curves for PHF-Fe(III) and PHF-V(V) were constructed

using the optimum conditions obtained in Table 12. The Jesuits obtained are

semilinear in the range of 1.0 ppm to 10 ppm for PHF-Fe(III) and the range

of 5.0 ppm to 15 ppm for PHF-V(V).

In the study of interference for both PITF-Fe(III) and PHF-V(V) complexes

using V(V), Mo(VI) and Ti(IV) for PHF-Fe(III) complex or Fe(III),

Mo(VI) and Ti(IV) for PHF-V(V) complex. Ti(IV) showed a negative

interference with both complexes which is more pronounced for V(V)
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complex. However, the other two interfering ions produced a positive

interference. The interference of V(V) on PIIF—Fe(IlI) complex is tolerable

up to 5 ppm (!%), while on the other way round i.e the interference of

Fe(III) on PHF--V(VI) complex produced a 2% increase in the absorbance.

Mo(VI) had piroduced a pronounced interference with both complexes

which took various shapes, Tables 15 and 16.
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