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To establish the conditions for the maximum absorbance of THAPH

complexes,the effect of the base was investigated by using sodium and

ammonium hydroxide. Generally, increasing the concentration of the base

decreases the absorbance. As expected, ammonium hydroxide produced

positive results than sodium hydroxide, after establishing the optimum FI

conditions for the four complexes i.e. Fe(IT)-SH, Fe(m)-SH, Fe(IT)-THAPH

and Fe(III)-THAPH, the calibration curves were constructed, which

represent those of Fe(III) with two ligands only. Calibration for Fe(II) with

the two ligands produced non-reproducible results compared with those of

Fe(III). The calibration curves produced anearly linear response in the

concentration range studied as shown in Tables (8 andl4).
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ABSTRACT

Two hydrazones were synthesised, namely salicylhydrazone (SH) and

trihydroxyacetophenone hydrazone (THAPH) were synthesised with the

objective of developing a method for determining of Fe(H) and Fe(HI) in the

presence of each other and hence the; total iron, thosehydrazones were

selected so as to combine the ability, of phenolic compounds to complex

Fe(III) ions and the complexing characteristics of the hydrazones. The

complexes of Fe(II)-SH and Fe(IH)-SH as well those of Fe(H)-THAPH and

Fe(m)-THAPH had shown maximum absorbance at X = 412 nm which was

not modified by presence of micelles i.e. sodium n-dodecylsulphate (SDS)

and n-hexadodecyl pyridinium bromide.

The maximum abs^bance for all complexes takes place around a neutral

pH. Generally, in addition, of n-hexadodecylpyridinium bromide to Fe(II)-

SH and Fe(m)-SH absorbances of the complexes increases with increasing

the concentration of the micelle. The effects of the addition of sodium n-

dodecyl sulphate (SDS) to Fe(ID>SH and Fe(D>SH is also studied.

Generally, increasing the concentration of the micelle decreases the

absorbances of the complexes.

To study the effect of the presence of Fe(IT) and Fe(m) on the determination

of each other, mixtures ofFe(H)-SH and Fe(IEt)-SH are studied. However,

the use ascorbic acid as a reducing reagent for Fe(lii)did not produce the

needed results but non reproducible results, which may be due to the

masking effect of ascorbic acid and thus making the metal not available to

the ligand. However, conversion of Fe(IT) to Fe(IQ) prior to the

determination was avoided as this requires the use ofoxidant, which will

oxidise the ligand as well.
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INTRODUCTION

1.1. Hydrazones

1.1.1. Hydrazones characteristics

The term hydrazones is a general name for compounds having the

structure (1). They are azomethines characterized by the grouping,

R

[1]
where R, R, X and Y can vary widely. They are distinguished from

other members of this class (irnjnes, oixmes, etc.) by the presence of

the two interlinked nitrogens atoms. The triatomic hydrazones group

(1) is characteristic of a large number of organic compounds of this
[i]

type.

When R'= Y= H, we have unsubstituted hydrazones, when R = alkyl

or aryl and Y =H we have, alkyl or aryl hydrazones, and when R =

alkyl or aryl and Y = alkyl or aryl, we have dialkyl, diaryl, alkyl aryl

and so on, hydrazones, and also with X = Hwe have an aldehyde
[i]

hydrazone, with X = alkyl or aryl we have a ketone hydrazone.

/
If R = NHjCO the compounds [1] are semicarbazones and if R =

NTLCS they are thiosemicarbazones. Dihydrazones ofa-dicarbonyl
^ [2]

compound are usually termed osazones.

When X = Hal, NO2, OAlkyl, OAr, the compounds are a-halogen-

hydrazones or a-nitro (alkyl, aryloxy) hydrazones, whenX=N:NR

they are formazans, with X = NHNHR, we have hydrazidines, with X
»

= NHj, NHR, NRR' we get amidrazones; and with X = O or, SH,



hydrazides and thiohydrazides are formed, respectively. Furthermore,

R' and Y may together constitute the residue of a carbonyl compound,

in which case the structure (1) acquires the form (2), and compounds of
[2]

this class are termed azines.

X * (2)

with R = R and X= X they are symmetrical, or simply azines of the

carbonyl compounds (aldazines, ketazines), and when R ^ R and X^

X we have mixed azines.

In naming the hydrazone we first state the name of the carbonyl

compound and then the name of the substituents attached to the

nitrogen atom together with the word hydrazones such as ethyl

isopropyl ketone methyl phenyl hydrazone.

E t / ^ Me
(3)

Unsubstituted hydrazones, alkyl hydrazones and certain aryl

hydrazones, and azines of simple aliphatic aldehydes and ketones are

colourless or very slightly coloured liquids possessing a characteristics

odours. The boiling point rises with increasing the molecular weight of
[2]

R,X,RorY.

Alkyl hydrazones having a branched carbon .chain possess lower

boiling points than their analogues having straight chain. The phenyl

hydrazones of aromatic and heterqcyclic aldehydes and ketones are



solids, mostly slightly coloured. Several aryl hydrazones especially the

4-nitro and 2,4-dinitro derivatives, have a well-developed crystal

structure and sharp melting points, so that they are convenient for
12]

identifying carbonyl compounds.

Unsubstituted hydrazones, alkyl hydrazones and certain aryl

hydrazones, and azines are bases, forming salts with acids. Increase in

the electron-acceptor character of R and Y is accompanied by a fall in

basic strength, /Miitrophenyl hydrazones being acidic substances. 2,4-

dinitrophenyl hydrazones are weak acids, in which the value of pKa
[2]

varies with the nature of R and X.

1.1.2. Synthesis of Hydrazones

Aldehyde and ketones react with hydrazine to form hydrazones and

azines. The mechanism oftheir formation is probably similar to that of

oxime formation.

\ ^ / O H \
y C = <fc+ HN. NH 2 4 j^C ' 1 -HaO y C: N.NHQ

NH-NH2 hydrazone

/C:N.NH2 + O = Cv *• H2O + \ : : N - N : C (azine)

By using suitable derivatives of hydrazine, more well-defined

crystalline products are obtained (and azine formation is avoided), such

as,



i. Phenyl hydrazine forms phenyl hydrazone:

C6H5-NH-NH2 + O= C ^HaO + CgHsNHN: C

ii. 2,4-dinitrophenylhydraziiie forms 2,4-dinitrophenyl hydrazone:

NO2

NO2—( V - NH-NH2 +0 = C Cc *- N02

Oximes and hydrazones regenerate the carbonyl compounds when

refluxed with dilute hydrochloric acid. Regeneration from
[4]

phenylhydrazones by this method is usually difficult.

Preparation in good yield of pure unsubstituted hydrazones of the more

reactive aldehydes and ketones has been generally reported as
[4]

difficult.

Azine formation is hard to prevent during direct reactions between

hydrazines and the carbonyl compounds particularly aliphatic

aldehydes and ketones or mixed alkaryls ones, and is catalyzed by

acids or is the principle reaction product when the system is not
[5]

quenched.
The hydrazones themselves may spontaneously decompose to tars or

[4]

azines with water or catalysts. In contrast, the few reported reactions

of aldehydes or ketones with N-alkyl -and N,N-dialkyl hyrazines to

give the corresponding hydrazones indicate that these are
[6]

uncomplicated by side reactions. The product N-substituted

hydrazones are variously reported as oils of high refractive index
[6]

obtained in yield from 20 to 80%. The most extensive preparative



investigations of these compounds are those of Wiley and co-
[7]

workers, who prepared N-methyl and N,N-dimethyl hydrazones of a

number of aldehydess and ketones as potential tumor growth

retardants. Dialkylhydrazones have also been prepared from geminal
[4]

dihalides instead of the corresponding carbonyl compounds.

The reaction of hydrazine with carbonyl compounds proceeds with

increasing difficulty as the carbonyl compound varies in the order,

aldehyde < dialkyl ketones < alkaryl ketone < diaryl ketone, aldehydes

and dialkylketones in a water or alcoholic medium form the hydrazone
[8]

or azine. When necessary the conversion of the hydrazone to the

azine is brought about by the addition of a drop of acid (acetic or

hydrochloric) during the crystallization process. The preparation of

hydrazones and azines cof alkaryl ketones requires heating and in the
[9]

case of azine formation, acid catalysis. More vigorous conditions are
[10]

required to prepare hydrazones and azines of diaryl ketones. Smith
used anhydrous hydrazine, absolute ethanol, and a sealed tube reaction

o
at 150 C to prepare benzophenone hydrazone. Grummirt and Jenkins

o
also use sealed-tube reaction at 150-160 C to. prepare p,p-

[i]
dichlorobenzophenone hydrazone, and these authors, as well as
Schapiro, mentioned the failure of the reaction under reflux conditions

[ii]
in isopropyl and ethyl alcohols, respectively. Blout and co-worker
[9]

also stressed the fact that the preparation of benzophenone azine
0 [9]

necessitates the use of a bomb and temperature of 150-160 C. Some

studies showed that the hydrazones of typical diaryl ketones can be

obtained in satisfactory yields by refluxing a mixture of the ketone,

hydrazine hydrate (99.5%), and absolute ethanol under conditions of

continuous removal o# wate*. The conversion of the hydrazone to the



azine is brought about by acidifying a mixture of the hydrazone and
[9]

ethanol with sulphuric acid.

1.1.3. Biological activity of hydrazones

Since hydrazones are azomethines characterized by the presence of the

triatomic grouping,

Many of the physiologically active compounds find application in the

treatment of several diseases such as tuberculosis, leprosy and mental
[2]

disorder. On the other hand, aroyl hydrazones (4) are reported to

possess tuberculostatic activity. The biological activity can be

attributed to the formation of stable chelates with transition metals
^ [12,13]

present in the cell.

= N-NH-Co-R' (4)

Thus many vital enzymatic reactions catalysed by these transition
[14]

metals can not take place. Hydrazones act as herbicides,

insecticides, nematocides, rodenticides and plant growth regulators.

Substituted hydrazones has been found to exhibit spasmolytic activity,

hypotensive action, and activity against leukaemia, sarcomas, and other

malignant neoplasms. The possibility of hydrozone having medicinal

value is being investigated by using substituted hydrazones for the
[2]

treatment of schizophrenia, leprosy, and other illnesses. Hydrazones

of 2-methyl phthalazone are effective sterilants for house flies. 3-N-

methyl-N- (4-chloro-l-phthalazinyl), and 3-N-methyl-N (4-oxa-l-



[1]

phthalazinyl) hydrazone possess anthelrnintic activity. Aroyl-

hydrazines and many other hydrazine derivatives have been reported to

inhibit many reactions catalyzed by pyridoxal 5-phosphate as co-

enzyme. The amino-oxidaseenzyme requires such a co-enzyme, beside,

Cu(II) ions for catalytic activity. The inhibition of monoamine oxidase

will cause rise in the level of catecholamines and sertonine in

cerregions of the central nervous system (CNS). Many substituted acid

hydrazides have been used for the treatment of psychotic and

psychoneurotic conditions in which depression is the chief
[15]

symptom..

The mode of action of the acid hydrazides is not certain, but it may be

due to:

i. The reaction of acid hydrazides with the transition metal ion

site in the amino oxidase enzyme.

ii. The reaction of the acid hydrazide with pyridoxal site to form

the corresponding hydrazones

1.1.4. Analytical applications of hydrazones

In analytical chemistry, hydrazones find application in detection,

determination and isolation of compounds containi^the carbonyl

group More recently, they have been extensively used in detection
[i]

and determination of several metals ions Many other analytical
[i]

potentialities of these compounds have also been explored

Hydrazones act as multidentate ligands with metals (usually from the
[i]

transition group), forming coloured chelates. These chelates are then

used in selective and sensitive determination of the metals. The ligands

may coordinate to the metal through the nitrogen atoms either alone or

in combination with some other electronegative atom such as oxygen or



sulphur. Photometric methods for determining aldehydes and ketones

are based on their reaction with 2,4-dinitrophenylhydrazine to form the
[16]

corresponding hydrazones.

Biscyclohexanone oxalyldihydrazone was one of the earliest used
[17]

hydrazones for the spectrophotometric determination of Cu (II). It

gives a blue colour with traces of Cu (II) and is used for determination
[18] [19] [1]

Cu(II) in human serum, steel, plants, non ferrous metal and
[i]

alloys. Ethylidene oxalyldihydrazone has been used to determine
[20]

copper in zinc and its alloys. Lions and Martin introduced pyridin-

2-aldehyde-2-pyridyhydrazone and similar types of hydrazones and

have made detailed physico-chemical investigations on their metal
[21]

complexes This has opened a wide field for their use in analytical
[22]

chemistry which began in 1963 when Cameron published a survey

of the visible spectra of aqueous solutions containing metal ions and

pyridin-2-aldehyde 2-pyridyhydrazones. They stated that pyridin-2-

aldehyde 2-pyridyhydrazone should be useful as spectrophotometric

reagent and as an acid-base indicator. 2, 2-bipyridyl-2-
[23] i

pyridylhydrazone reacts with Co(II) to form an orange complex (X
i

max 480 nm) which shows a bathochromic shift on addition of perchloric

acid (Xmax 500 nm) giving a pink complex which is stable even in 50%

perchloric acid medium. This reaction has been utilized in the
[24]

spectrophotometric determination of cobalt in sea water.
[25]

Two new pyridylhydrazones have been prepared from quinoline-2-

aldehyde and phenanthridine-6-aldehyde. The latter has been used for
[26]

the spectrophotometric determination of Zn (II). Other
pyridylhydrazones investigated include those of bi-2-quinolylketone for

[27] [27]
Pd(II) and biacetylmonohydrazone for Co(H). Other



quinolylhydrazones investigated include those of 6-methyl-
[28] [28]

picolinaldehyde for Pd(n), phenylpyruvic acid for Cu(H), and
[29]

biacetylmonohydrazone for Cu(II), Co(II) . Single and co-workers

introduced 2-2'-bipyridyl-2-pyrimidylhydrazone as an analytical reagen

for V(V), Zn(II), Fe(II) and Pd(II) and claimed it had advantages over
[i]

pyridyl and quinolylhydrazones.

A series of benzothiazolyhydrazones have been described

(benzothiazole-2-aldehyde hydrazone for Cu (H), Co (II), Ni (II),

thiophene-2-aldehyde hydrazone, for Cu (III) 5-chlorothiophene-2-

aldehyde hydrazone for Cu (IT), Co (II), biacetylmonoxime for Pd (II).

Libregott et.al. used isatin-2-benzothiazolyhydrazone for the

determination of Pb(II) in plastic milk cartons. Salicylaldehyde-
[30] ' !

isonicotinoylhydrazonefi was used for the spectrophotometric

determination of Ga (El) and In (HI) at pH 6-6.5. These complexes are

extractable into pentanol. Since the A1(III) complex is not extractable it

does not interfere.

2-Hydroxy-l-naphthaldehyde isonicotinoylhydrazone has been used for

spectrophotometric determination of Fe (II) and Fe (III) in presence of

each other and other metals, and applied to various Pharmaceuticals, as

well as for determination of Mo (VI) in steels Zomer, examined the

complexes formed by V (V) in acidic 50% aqueous ethanol medium

with acetone isonicotinolylhydrazone and with 4-hydroxybenzaldehyde

isoiucotincF^ylhydrazone, and used them for spectrophotometeric
[31]

determination of V (V). The 2-hydroxy isomer has been used for
[32],

determination of Al (HI) and Zn (II), Co (II), Ni (II) and Mn (II).
[33]

Recently Schilt have introduced a large number of ferroin-type

hydrazones and tabulated properties of their complexes with Cu (I), Fe

(ED, Co (II), Ni (II).[341



Several new hydrazones are prepared in situ and applied for the

spectrophotometric determination of metal ions. The product (A,^ 490

nm) which results from the interaction of biacetyl hydrazine and Fe (II)
[i]

has been applied to the spectrophotometric estimation of Fe(II). The

interferences are the same as in the determination of Fe (II) with 1-10-

phenanthroline and 2,2-bipyridyl, but the method is cheap and simple.

The coloured complex formed by Fe(II) and a-pyridyldihydrazone

m
(used as such synthesized in situ), has been investigated The

complex can be extracted into nitrobenzene and its absorbance

measured at XiasK 486 nm. Mn(II), A1(IH) and Cd(H) do not interfere.

Other ferroin-type reagents used for traces of Fe(II) are 2, 2
bipyridylglyoxal dihydrazone, biacetyl dihydrazone and phenyl 2-

•[i]
pyridyl ketone hydrazone

Substituted hydrazones such as pyridine-2-aldehyde-2-pyridyl-

hydrazone (PAPHY) and pyridine-2-aldehyde-2-quinolylhydrazone

(PAQH) have been extensively investigated as tridentate chelating
[20]

agents in both acidic and alkaline solution

The tridentate chelating agent, l,3-bis(2'-pyridyl)-l,2-diazoprop-2-ene

(pyridine-2-aldehyde-2'-pyridyJlhydrazone; PAPH; (5)) was first
[20]

described by Lions and Martin

H

(5)

[22]

Cameron, Gibson and Roper published the results of a survey of the

visible spectra of aqueous solutions containing a number of metal ions,

including Pd (II), in the presence of PAPH; it was stated that PAPH

10



should be a useful spectrophotoraetric reagent. A method for the

spectrophotometric determination of Pd (II) with PAPH in aqueous

solution at pH 11.6 lias recently been published by Bell and Rose.
[35]

However, this method has rather low tolerance for some metals.

Also organic reagents containing the atomic arrangement-CO-NH-

N=CH-, namely aroylhydrazones, have been widely used for the

spectrophotometric determination of metal ions because of their great

complexing capacity, forming coloured complexes with transition metal
[36]

ions. Biacetyl bis(thiobenzoyl) hydrazone and pentane-2,3-dione

bis(4-methoxy thiobenzyl) hydrazone form coloured complexes with a

large number of metal ions. Most of the complexes can be extracted in

chloroform containing pyridine or into isobutyl methyl ketone in the
[37]

presence of tetrahydrofuran and may be separated by TLC.

Various tridentate substituted hydrazone have recently been suggested

as highly sensitive spectrophotometric or fluorimetric reagents for
[38-39]

heavy metal ions.. Taniguchi synthesised thirty two aroylhydra-
zones and studied the relationship between fluorescence and structure

[i]
of the chelates formed with Ga (HI), Al (HI), Sc (II) and Zr (IV).

The fluorescence of the isonicotinic acid hydrazones for a number of

carbonyl compounds (2-hydroxy-l-naphthaldehyde, salicyaldehyde, 2-

hydroxy-m-tolualdehyde, 3-hydroxy-/?-tolualdehyde, 3-chloro-2-hyd-roxy benzaldehyde, 5-chloro-2-hydroxybero& 2-hydroxyacetophe>none)
[i]

has been examined. In the presence of Al (HI), these hydrazones give

a yellowish-green fluorescence in acetate buffer, while under similar

conditions the parent carbonyls exhibit only feeble fluorescence. The

fluorescence intensity of the hydrazone of 2-hydroxy-l-naphthaldehyde

(in the preseof Al (III)) is particularly strong and the aldehyde is found

n



to be a good reagent for the fluorimetric determination of 0.1 -1 ppm of

isonicotinic acid hydrazine.

Four derivatives of 2-hydroxy-l-naphthaldehydehydrazone have been

synthesized and the fluorescence due to the reaction between these

hydrazones and various metal ions indicated that they are useful for the

detection ofAl(HI). 2-Hydroxy-l-naphthaldehydebenzoylhydrazone

gives the strongest fluorescence. A fluorimetric method for the

determination of 0.1-1 ppm of Al (III) with this reagent atpH4-6

(acetate buffer) in a mixed solvent medium of methanol and

dimethylformaimide has been established.

In alkaline medium (preferable 0.1M potassium hydroxide) calcium

forms a fluorescent 1:1 complex with 8-hydroxyquinoldehyde 8-

quinolyl-hydrazone. The method has been used for determination down

to 0.1 ppm Ca (II) in potassium chloride and methyltrichlorosilane. The

fluorescence is measured at around 510 nm (with excitation at around
[i]

420 nm). Lvanova used this reagent for fluorimetric determination of

traces of Ca(II) in alkali metal chlorides and iodides. Zn (II), Al (III),

Sc (II) and Ga (EH) complexes of P-resorcylaldehyde acetylhydrazone

exhibit blue fluorescence. The fluorescence intensity of the Sc (II)

complex is appreciable with (excitation at 406 nm). The reaction is

used for the determination of Sc(Tf) (1-18 fig in acetate buffer medium

(pH 6). Cr (VI), Ni (II), Co (IT), and Fe (II) interfere by decreasing

the fluorescence intensity and Zn (II) and Al (HI) by increasing it. The

most sensitive, reagent for me fluorimetric determination of Al (Til) is

salicylaldehyde formylhydrazone, but the fluorescence intensity takes

at least 7 min to become stable; 0.03-0.88 ppm of Al (HT) can be

determined with a relative error of < 1%. Tanguchi. used 2-hydroxy-

1-naphthaldehyde benzoylhydrazone for the fluorimetric titration of Cu

12



(II). The hydroxy-1-naphthyl methylene hydrazide of 4-methoxy-

benzoic acid was used by Dolgorev for the fluorimetric determination
[i]

of Sc (II) in rare earth oxides.

Recently bipyridylglyoxaldiphenylhydrazone was used for the
) [40]

fluorimetric determination of Au(IIlV The bis(4-hydroxybenzoyl-

hydrazone) of glyoxal, methylglyoxal and dimethylglyoxal form
[41]

coloured chelates with several cations. The chelates formed are

fluorescent, the fluorescence from the La (III) chelates being the most

intense. An ethanolic solution of resacetophenone phenylhydrazone

quantitatively precipitates Cu (II) from ammonical solution without

rigid control of the experimental conditions; up to 32 mg can be
[i]

accurately determined in the presence of Cd (II). Of eight
phenylhydrazone derivatives of phenolic aldehydes and ketones,

salicylaldehyde phenyl hydrazone was found to be the best gravimetric
[i]

reagent for Cu (If). A 10% ethanolic solution of the reagent was used

and the preciptate was ignited to the oxide. Cu (II) in amount of 25-60

mg was determined with an error <0.1% in the presence of 100 mg of

cd(n).m

o-Hydroxyacetophenone phenylhydrazone was found to be the best

among the various hydrazones tested for Pd(H). It is possible to

determine 15-47 mg of Pd (II), the precipitate is ignited to the metal

•A ^

oxide
[i]

Pental used the benzoyl and salicyolhydrazones of 2-hydroxy imino-

acetoanaline and 2-hydroxyiminoaceto-o-toluidine for the gravimetric

estimation of Pd (II) in the presence of Cu (II) and Ni (II). The pH

range for preciptation is very wide. Salicylaldehyde hydrazone was

13



used for the gravimetric determination of 5-30 mg of Cu (II) or Ni (II)

at pH 10.5-13.

The chelates of pyridine-2-aldehyde-2-benzothiazolyhydrazone and

pyridine-2-aldehyde 2-quinolylhydrazone hvae been studied

potentiometrically in 1:1 dioxane-water media. The ligands react with
.[42]

Fe (II), Ni (II), Zn (II) and Ca (H) to form octahedral complexs The

acid diss ociation constants for (3-resorcylaldehyde acetylhydrazone in
40% aqueous ethanol8have been measured potentiometrically and

[i]
spectrophotometrically. The stability constant of the bivalent metal

complexes with salicylaldehyde hydrazone which have been

determined potentiometrically with 75%. aqueous dioxane follow the
-2

order UO2 > Pb(II) > Co(n) > Zn(II); for those with o-hydroxy-
-2

acetophenone hydrazone in 50% aqueous dioxane the order is UO2 >
[11

Cu (II) (1-16 jig) has been determined by amperometric titration in

0.15M sodium acetate (containing gelatine) as supporting electrolyte,
[i]

with ethanolic resacetophenone phenylhydrazone solution.
[43]

Recently, Jain et.al. used ethylcyanoglyoxalate-2-carboxyphenyL-

hydrazone for the selective amperometric determination of Th (II).

The complex of Co (HI) with pyridine-2-aldehyde 2-pyridylhydrazone

(PAPH) has been used in the nephelometric determination of Ag (I) and
[44]

Hg(II). The procedure is based on adduct formation of these ions
+

with Co(PAPH)2 , in which the two uncoordinated (imino) nitrogen

atoms are peripheral and interact with the Ag (I) or Hg (II). The

adducts formed correspond to the formulae [Co (PAPH)2]ClO4-AgNO3

and [Co (PAPH)2] ClO4-Hg(NO3)2.

The complexes of bivalent Cu (IT), Zn (II), Cd (II), Fe (II) and Ni (II)

with pyridine-2-aldehydes-2-pyridylhydrazone (PAPH) have been used

14



as acid-base indicators in titration of weak and strong acids and
[45]

bases. Based on the extraction of their intensely coloured

deprotonated forms into Organic solvents, the Cu (II), Ni (II) and Fe (II)

complexes have been used as extraction indicators in titration of strong
[45]

acids and bases. The Zn (II) and Cd (H) complexes of 2,2 -bipyridyl

2-pyridylhydrazone have been proposed as indicators in acid-base

titrations in aqueous solution, the apparent pK values being 8.5 and 9.5,

respectively. The indicators give sharp end points and have proved to
[i]

be similar in behaviour to phenolphthalein. Chugreeva suggested

the use of the /?-nitrophenyl and 2,4-dinitrophenylosazones of

dihydroxytartaric acid and 2,4-dinitrophenyl-hydrazone of acetone,

which behave as acid-base indicators at pH 11.5-13.5 and may be used

in solutions with high concentrations of salts, ethanol and protein in
o

temperature range 0-80 C and also for the determination of free sodium

hydroxide in mixture with alkali-metal carbonates, aqueous ammonia,

potassium cyanids, sodium phenoxide, sulphacetamide and sulpha-
[i]

pyridine sodium. Some p-nitrophenyl-hydrazones have proved to be

better indicators because of their high stability and readily observable

colour changes. Studies have been made of the change of the

absorbance spectra with pH, the useful pH ranges, and stability of the

colours of the p-nitrophenylhydrazones derived, from furfuraldehyde

and some furfuraldehyde derivatives, benzaldehyde and its 4- nitro, 4-
[i]

hydroxy, 2, 4-dihydroxy and 4-dimethylamino derivatives.

The phenylhydrazones of pyridine-2-aldehyde and pyridine-4-aldehyde,

when used as indicators for titration of a base with an acid, change

from colourless to yellow and are suitable for use in spectrophotometric
.[46-48]

titration The p-nitrophenylhydrazone of pyridine-2-aldehyde has
recently been proposed as an indicator for colourimetric pH
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measurements. Katiyar have proposed.N-isonicotinoyl-N -salicylidene-
[36]

hydrazone as metallochromic indicator for iron.

1.2. Micelles in analytical chemistry:

1.2.1 Micelles characteristics:

Molecules which possess both hydrophilic and hydrophobic structures

may associate in aqueous media to form dynamic aggregates commonly

called surfactants (micelles). Interests in these aggregates has grown
[49]

over the years frovwtWoriginal work of Hartley, which describes

what is still accepted as a functional model of the geometry of micelles.

Another definition is that: micelles are dynamic aggregates of
[50]

amphiphilic molecules. An amphiphilic molecule possesses a well-

defined regions of hydrophobic and hydrophilic character. In the

absence of qualifiers, the designations, micelle, or, normal micelle,

indicates a system of surfactant dissolved in an aqueous medium. With

respect to thesenormal micelles, the non polar portion of the molecule

is commonly referred to as the hydrophobic, tail, while the polar

structure of the amphiphile is known as the, hydrophilic, head group.

When the concentration of these molecules in solution is increased

above a characteristic8 value known as the critical micelle

concentration, CMC, they associate to form relatively well-defined

aggregates known as micelles.
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FIG. (1) Critical Micelle Concentration = cmc

The Aggreg ation of N monomers to form a normal, aqueous

micelle. The open circles represent polar head groups and may be

ani-onlc, catonic, nonionic, or zwitterionic.
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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 non

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

beyond. "The microscopic order provided to the solution by micelles

solutions, gives rise to perhaps the most important characteristic of

micellar solution, that is ' the ability to solubilize otherwise water

insoluble molecules in what is essentially an aqueous matrix.
[51,

The geometry of micelles continues to be a subject of much debate.
52]

On the school of thought is that the micelle is essentially a droplet of
[51]

hydrophobic phase within the bulk aqueous system. These results

stem largely from NMR measurements regarding line widths and

relaxation times. This model does not allow for deep penetration of

water into the micelle interior and hence has been called the reef model

of micelle structure. The other prevailing hypothesis which is based

upon molecular model and fluorescence measurements suggests that the

micelle affords rather deep channels into the very core of the
[52]

aggregate. This model has thus been labeled the fiord model for

obvious reasons. Finally, statistical treatments of micelle structure have

come up with results which seem to explain much of what both
[53,54]

previous models attempt to explain. This work by Dill and others
[54]

follows from earlier model polymers conformations and provides

for both the significant amount of water contact with structures often

viewed as sequestered within the interior of the micelle and the ability

of micelles to solubilize very nori polar molecules, nontheless, the

discussion continues with some of the best reports coming from the
[52]

work of Menger and associates. The subject promises to be with us

for some time. 18



Micelle characteristics vary with the nature of the amphiphile as well as

with the composition of the solution. Micelles may be categorized as

anionic, en!ionic, non ionic, or zwitterionic depending upon the nature
.[55]

of the pol:r head group of the amphiphile 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.

Nonionic micelles do not have charged head groups, but the polar head

groups generally consist of polyoxy ethylene or polyoxy propylene
[56]

chains Ionic micellar systems include counterions or gegenions

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

of the coii-terion can have a dramatic effect on the physicochemical

properties of the micelle. For example, sodium dodecyl sulphate (SDS)
o

is very soluble in aqueous media at 30 C. Alteration of the counterion

from sodiu: I to potassium results in potassium dodecyl sulphate (KDS),
o

which is not soluble at 30 C.

The nature of the counterion also affects the value of the CMC.

Although defined as a discrete concentration, the CMC is actually a

narrow ran e of concentrations over which the cooperative aggregation
[55,57}

of amphip' lie monomers occurs. ] Just as alteration of the

counterion of ionic micelles can alter the CMC, so can changes in the

length or s ucture of the hydrophobic tail affect the properties of the

resulting rr -elles. In addition, changes in pressure, temperature, and
[55]

ionic stren in can affect the properties of micelles as well.

Surfactant an associate in nonaqueous media, forming reverse or
• [55]

mverse mice les The hydrophobic tails of the amphiphiles are19



Organic
• Solvent

FIG. (2)

Schematic representation of an inverse micelle.The hydrophobic

tail of the amphiphile is a branched chain in this example as

thesetwo-tailed surfactants are often used for these systems.
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extended into the bulk nonpolar solvent, while the head groups are

drawn together to form the hydrophilic core of these aggregates (Fig.

2). 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.

The vast majority of analytical applications of micelles have been
t i

demonstrated using normal micelles while relatively few have been

examined with inverse micelles. A notable exception to this has been in

the area of chemiluminescence where the inverse micelle structure
I ! ' ' i ' : ! i ' - [ 5 6 ]

provides unique advantages to mixed enzymeJumophore system
i

This lack of emphasis upon the inverse system is understandable when

it is considered that a proposed advantage of micellar systems is their

use as an inexpensive substitute for nonaqueous media.

1.2.2. 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
.[57,58]

methods of analysis Micelles have found utility as organized
media for a variety of electrochemical research efforts, including

[59] [60]
mimetic membranes for redox studies, energy storage, ] and

.[61]

electrocatalysis Electrochemical measurements are being used to

estimate micelle size as derived from diffusion coefficients to
.[61]

solubilized probe molecules - Yet, their use in analytical

measurements has hardly exceeded the traditional addition of surfactant

to polarographic media for maximum suppression.

The utility of micelles in spectroscopic methods of analysis is perhaps

the most popular and oldest area of micellar application in analytical
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chemistry. This utility is derived from several possible effects upon the

system of interest. The well-documented effects of micellar systems

upon acid-base chemistry of even slightly associated molecules can
[58]

enhance (or degrade) the analytical quality of a given method. 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 wave
[58]

length of absorption. 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
[56, 58]

methods.

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 micelle 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
[60] [60]

complex. The literature in this area has been reviewed by Hinze ,
[62]

and more recently by Pelizzetti and Pramauro. Yet, inspite of these

reviews and the increasing amount of work in these areas, little effort

has been directed towards understanding the mechanisms of these
[55]

effects. Cermakova has summerized those efforts together with his

own work in the area of triphenylmethane dyes. His work suggests that

the observed spectral alterations results from micelle effects upon the

ionization equilibria of the ligand dyes rather than actual complexation

of the metal on itself by the surfactant.

Fluorescent probe molecules have been used for many years to study

micelle dynamics, solute diSi^cellar microenvironments, and micellar
22



[62]

effects upon reaction kinetics. These systems are particularly

attractive with respect to micelle dynamics because the temporal
i

dependence of the fluorescence event is sufficiently fast that it exceeds

all of the micelles kinetic processes. Thus fluorescent1 probes can be

used to estimate the dynamics of surfactant monomer entry and exit

from the micellar aggregate, substrate entry and exit (residence times),
H [62]

and miceldissolution. Micelles have turned the tableland 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
[63]

experimental convenience. These effects are observed in both ionic

and nonionic micelles with charge-charge interactions being important

in some cases and not in others. 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
[64]

nonionic micelle to another.

Micellar diminution of interferences results from the same properties

which afford micellar catalysis only in reverse. That is micelles can be

used to inhibit some ionic interferences. For example, the use of a

cationic micelles can inhibit the interference of pyridinium ion while an -
ionic micelles inhibit the deleterious actions of iodide ion in the

.[63]

fluorescent analysis of anthracene Clearly, like charges repel and

result in diminished interferences. Interestingly, nonionic micelles are

somewhat effective against many different interferences either charged
[63]

or neutral. Thus, while charge effects do modulate the relative

inhibition of the various interferences, certainly the order provided by
23



the possible micelle microenvironment provides a significant proportion

of the observed protection.

While experimental convenience is in the opinion of the analyst, it does

appear that micelles offer several potential advantages over traditional

analytical fluorimetry techniques. Perhaps, the most obvious advantage

arises from micelle solublisation of either reagents or products, thereby

eleminating requirments for nonaqueous media. It is noteworthy that

these normally sensitive fluorescent methods are a very good match for

micelles in that enhanced solubilities of the already small quantities of

analyte can be achieved at concentrations of surfactant just sufficient to

provide normal micelles, i.e., above the CMC. Furthermore, solubility

limits are generally not approached in these micelle systems before the

dynamic range of the analysis is exceeded at the high end. Relative to

absolute amount of material, these methods are perhaps the best suited

to microheterogeneous micellar medium.

A great deal of work rgarding the effects of micelles upon metal chelate
.[65] [64]

fluorescence has been reported Sanz-Medel summarized much

of this work regarding the effects of both cataionic and nonionic

micelles upon analyte fluorescence. In addition, their work

demonstrated that in the "absence of charge effects, the nature of the

surfactant monomer is critical to the resulting analytical enhancements.

Nithipatikom and McGown have pursued an interesting new area of

study in these respects, their work with sodium taurocholate micelles

and heavy metal ion fluorescence enhancement may well lead to

improved, more convenient metal ion analyses in the future.

The utility of micelles has been reported in several other areas. Both
[66]

atomic absorption and emission have been carried out in micelle

solution with some advantages. It is not clear at this time what exactly
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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 effect of the surfactant upon surface
.[65]

tension In any event, it is not yet feasible to predict how micelles

will affect a given analysis in these areas.

Micelles have also been cited as a useful in Raman spectroscopy for

the same reasons they are useful in phosphorescence. That is, unwanted

fluorescence can be quenched via the use of heavy atoms or other
[66]

micelle-catalyzed quenching reactions. Thus, analyte generated

fluorescence is removed from the Raman emissions, providing an

enhanced spectrum. Furthermore, insoluble materials can be accessed

in an aqueous medium using micelles. Water is a good solvent for

Raman'spectroscopy, while non aqueous solvents are less than optimal.

1.3.Flow Injection:

1.3.1. Fundamentals of flow injection:

Continuous flow analysis was invented by Skeggs and introduced
[671

commercially m 1957. 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 through the analyser conduit. This

obstacle is circumvented by using an air sigmented steam to preserve

the identity of individual samples. The flowing stream is regularly
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segmented by air bubbles delivered by a separate pump tube to meet
[67] [68]

the following goals:

a. prevention of cross-contamination between samples;

b. hindering the dilution or dispersion of the 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.

Air segmentation's beneficial effect of preventing carry over has been

obvious, that the necessity of introducing air bubbles was never really

doubted, although the drawbacks of their presence in the flowing
[67]

stream are well known. Those are manifested in:

(a) Because of the compressibility of air, the stream tends to

pulsate rather than to flow regulary;

(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 vary for different tubing

materials;

(e) Air bubbles in plastic tubings act as electrical insulators,

supporting 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 transfere surfaces;

(g) The movement of the carrier stream can not be controlled,

instantly stopped, or restarted.
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The injected sample forms a zone, which is then transported toward a

detector which continuously records the absorbance, electrode

potential, or other physical parameter as it continuously changes as a
* [67] [68

result of the passage of the sample material through the flow cell.

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 enhances 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 removing
[67]

or at least minimi Ting human exposure.

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

of tasks ranging from pH or conductivity measurment, to colourimetry

titration, and enzymatic assays. The design of flow system is

profoundly dictated by the function to be performed. For pH

measurements, conductimetric, or for simple atomic absorption, the

sample has to be transported through the FIA channel and into the flow

cell in an unform, in a highly reproducible manner. For other types of

determinations, such as spectrophotometry, fluorescence, or

chemiluminescence, the analyte has to be converted to a compound

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

zone is mixed with the reagent and sufficient time is allowed for
i

production of a desired compound in a detectable a mount during the
[67-69]

transport through FIA channel.
[67]

Flow operations combine the following advantageous features;
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1. They are easier to automate, since they replace the mechanical

handling of the oddy shape (and fragile) containers by

sequential movements of liquids in tubes;

2. flow operations are much easier to miniaturize by using small

bore tubing;

3. microvolumes are conviently manipulated and metered by

pumping (no surface tension);

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

are used;

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

6. they provide an environment for highly reproducible mixing of

components and formation of reaction products;

7. flow can be mixed, stopped, restarted, reversed, split,

recombined, and sampled;

8. they permit the use of most detectors in reproducible manner.
[68]

The essential features of the FIA are:

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

fundamental difference from classical continuous flowanalysis

CFA,
8

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 characteristics of the system;
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e) a continuous sensing system yields a transient signal which

suitably recorded;

f) niether 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 highly reproducible because

measurements are made under non-stable conditions.

Air segmentation, homogenous mixing, and attainment of steady state,

were believed to be essential prerequisites for jperformig continuous

flow analysis, but this is not so. The samples are sequentially processed

in exactly the same way during passage through the analytical channel.

This is why any practical FIA is initiated by a calibration run, which is

followed by the analytical run, and, after a chosen interval, the
[67-68]

controlling calibration is repeated.

The simplest flow injection analyser 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 (H), 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 analytical

readout, is the residence time (T), during which the chemical reaction
[67,68]

takes place (Fig.3).
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Scan

FIG. (3)

(a) Schematic diagram of the simplest single-line FIA mainfold: C,

carrier stream; P, pump; injection valve; R, reactor; and, detector.

(b) Schematic diagram of the dispersed sample zone as it passes

through the observation field of the detector, D.

(c) A typical recorder output under continuous flow: S, point of

injection; T, peak maximum appearance time; h, peak height; A,

peak area; tb, peak width from base line to base line and W, peak

width at a fixed arbitrary level as chosen for quantification.
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To understand why FIA yields easily reproducible and useful analytical

readouts, it is necessary to know that this technique is based on the

combination of three principles:

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

a highly reproducible manner, a well-defined volumes and

length of sample (varying by less than 1%) 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
[70]

has evolved and now is executed by a specially constructed
[71]

valve.

2. Reproducible timing; one of the most important parameters to

control in FIA, from the physical and chemical point of view, it

is the time involved throughout the system. FIA differs from

traditional analytical methods in that measurements are not

made at equilibrium, that is, the reaction is monitored on the
.{72,73]

exponentially rising portion of the peak In order to insure

accuracy and precision, highly reproducible timing is required.

This requires particular attention to two elements of the system:

the injection valve and the pumping mechanism since the
[71-74]

precision of timing depends upon these parameters.

3. Controlled dispersion; when a sample zone is injected into a

continuously moving, unsegmented carrier stream and then

flows with this stream, it disperses (diluted) in a very specific

and reproducible way (Figs. 4 and 5).
Dispersion is one of the 8most important features of FIA as it can be

[71]

used to fit the requirement of a particular analytical procedure The

chemical reaction taking place while sample material is dispersing

within the reagent i.e. while the concentration gradient of sample zone



being formed by the dispersion process. This is why the concept of

dispersion, controlled within space and time, is a central issue of FIA

n r ^ f67'68]
(Fig. 6) .

[67]
In order to design an FIA system rationally, it is important to know.
[68]

a) How much of the original sample have been diluted in its way

towards the detector;

b) How much time has elapsed between the sample injection and

readout.
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FIG. (4)

Controlled dispersion and reproducible timing in FIA
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For this, the dispersion coefficient D, is defined as the ratio of

concentration of sample material before and after dispersion process

has taken place in that element of fluid that yields the analytical

readout.

Thus:

D = C°/C

o

where C is the sample concentration before dispersion and C is the

sample concentration after it. If any analytical readout is based on

maximum peak height measurement, the concentration within that
max

element of fluid, which corresponds to maximum recorder curve (C ),
o

concentration of the injected sample solution C s .

max o max

n = C / C

i.e. sample (and reagent) concentration may be estimated. Dispersion

can be defined in terms of dilution of the original samples, and also the
f!

ratio in which the sample has been mixed with the reagent in the carrier

stream. Hence there are three types of dispersion: limited D = 1-3;
[67, 68]

medium D = 3-10; large D>10 (Fig. 7).

The physical process of material dispersion is due to the hydrodynamic

process taking place in the flow-through system and therefore

conveniently investigated by the stimulus response technique. The

relationship between dispersion and residence time is an important

parameter for optimization of all types of flow systems, yet its
.[67]

applications varies depending on the purpose in the question
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•D 3 to 10

D ^ 10

FIG. (7)

Limited, Medium and Large dispersion types
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Flow injection analysis (FIA) has been introduced to change the

prevailing attitude that homogenous mixing is the only form suitable for

reproducible measurement to be made. This had ensured that batch

approach was the only approach used in laboratories for long time.

Thus, mixing in FIA is nonhomogeneous and directional since a

concentration gradient develops both radially and axially and as a result

of this stratification the insuing chemical reactions take place gradually,

while the reagent penetrates the sample gradient. Therefore, the FIA

response curve is not only a result of the process that occurs at the

detector location, but also of all processes that take place gradually
[67]

upstream in the FIA system at variable reagent concentration.

As with many analytical techniques, the response of the detection unit

of an FIA system is a transient signal. A schematic diagram of two FIA

recordings, which the recorder output is called FIA curves, signals or

records, (Fig. 8). It is a plot of the analytical signal (absorbance,

fluorescence intensity, potential) as a function of time. The essential
[67,68]

features of the FIA curve are:

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
1 confused with the travel time, ta, which is the period elapsed

from injection to the start of the signal (1-2% increase above

base line). The difference between the two parameters t = T - ta

, is usually very small, by virtue of the characteristof FIA curve.
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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 At, 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.

From the definitions above it follows that:

T + T = t + At

At = t + T

More often than not, an analytical scheme requires the application of

more than one reagent solutions which are either premixed shortly

before used or added sequentially because the reagent or reaction

products are incompatible.

If an FIA procedure is to have a much high sensitivity; two problems

should be overcome: short residence time which leads to a short

reaction time, and excessive dispersion of sample zone which produces

an unwanted dilution of the species being measured. Injecting the

sample into a carrier stream of pure solvent and adding the reagent by

means of a confluence down stream is, however, an effective way to

ensure the rapid and adequate mixing of sample with the reagent. This
[75,76]

will give high sensitivity if a large volume of sample is injected.
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FIG. (8)

(a) FIA curve recorded at high chart-speed, showing the para

needed to define it.

(b) FIA curve registered at low speed, the situation: injection of

four standards in triplicate and an unknown sample.
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A typical Rheodyne low pressure teflon rotary valve

.

FIG. (9)

Cross section of a 4-vvay rota 17 valve interchange between two

stream
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Research Objectives

In the recent years, the metal ions determinations has been directed not

only towards the total concentration but also towards the oxidation

state in which it does exit i.e speciation as well.

The objective of this work is to iverstigate the possibility of

determining both iron species i:e Fe(II) and Fe(HI) in the presence of

each other as well and hence the total iron concentration using

unsubstituted hydrazones with a substituent known to complex Fe(DI),

namely phenolic compound. This in combination with micelles and

Flow Injection techniques.



CHAPTER TWO

2. Experimental

2.1. Instruments:

1. Jenway pH meter model 3030.

2. Griffin's melting point apparatus.

3. Perkin Elmer UV/VIS Spectrbphotometer model 550S

4. Perkin Elmer IR Spectrophotometer.

5. Flow cell.

2.2 Chemicals:

All reagents were Analytical Grade unless otherwise stated. The water

used was distilled deionised water.

Hydrazine hydrate 99%, salicylaldehyde, absolute alcohol, trihyd-

roxyacetophenone, ammonium Iron(ir) sulphate hexahydrate, Iron(ni)

chloride hexahydrate, Iron(in) nitrate, hydrochloric acid 36.5%,

sodium n-dodecylsulphate, n-hexadodecyl pyridinium bromide

monohydrate, ascorbic acid, sulphuric acid 98%, potassium sulphate,

manganese dioxide (GPR) sodium hydroxide, ammonia solution 25%,

dimethylformamide (DMF). All were purchased for BDH (UK).

2.3 Preparation of Reagents:

2.3.1 Solutions of pH5,pH6,pH7,pH8 and pH9:

A series of solutions having different pH values (pH5, pH6, pH7, pH8,

pH9) were prepared by diluting different concentration of hydrochloric

acid and adjusting the pH to the required value using 0.1M NaOH.

2.3.2 Standard metal ions solutions:

100 ppm stock solutions of each metal ions were prepared from the

corresponding salt by dissolving the following weights in 50 ml

43



volumetric flask: 0:(B50g:of attmronram irem-fffi sulphate hexahydrate;

0.024 lg of iron.(in)jcfaloriti^hexahydrate. The working_solutions were

prepared by serial dilntions-oftlie stock solution withrwater.

2.3.3 Micelles Solutipns:
-i !

Ixi6-M stock- solution of micelles -were prepared--from--me

corresponding mrcelto salt by-dissolving me-fbllowing. weights in 250

ml volumetric flask: 7.2095g of sodium n--dodecylsulphate^Sh6\ t2g of

n-hexadodecyl pyridinium bromide monohydrate. the working sohitions

were prepared by serial dilutions of the stock solution witfrwater.

2.3.4 Other solutions:

0.1M sodium hydroxide solution was prepared from the sodium

hydroxide by dissolving 0.4g in 100 mWoiumetric flask. The working

solution were prepared by serial dilutions ofthe stock solution with

water.

A 0.1M ammonium hydroxide stock solution was prepared from the

ammonia solution by diluting 1.87 ml into 250 ml volumetric flask. The

working solutions were prepared by serial dilutions of the stock

solution with water.
-2 -3

A 1x10 M stock solution of SH and 1x10 M stock solution of THAPH

were prepared by dissolving 0.136g of SH in 45% DMF and 0.0455g

of THAPH in 100% DMF, respectively. The working solutions were

prepared by serial dilutions ofthe stock solution.

A 0.1M stock solution of hydrochloric acid was prepared from 36.5%

hydrochloric acid by diluting 2.183.ml into 250 ml volumetric flask.

The working solutions were prepared by serial dilutions ofthe stock

solution with water.
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2.4 Synthesis of Salicylaldehyde Hydrazone (SH):

23 ml of hydrazine hydrate was dissolved in 20 ml of absolute alcohol,

the mixture was placed in a three necked round bottomed flask. Excess

ethanolic solution of 1.5 g salicylaldehyde were placed in a separatory

funnel which was fixed into one of the side necks.

A reflux condenser was attached to the middle neck^ while the third

neck was closed with a thermometer. The contents were refmxed for

one hour. White crystals were formed on cooling which were

recrystaUized from aqueous ethanql. Yield 0.8 g, 53.33%. m.p. 97°C
[77]

(lit 97°C).

NH2-NH2+ K ) \ ** f Salicyaldelyde hydrazone
-OH X V /̂ NH

2.4.1 Identification of SH:

2.4.1.1 The IR spectra of salicylaldehyde hydrazone was recorded on

infrared spectrophotometer. The spectra was measured at room

temperature, with the salicylaldehyde dispersed in KBr disk pellets.

The IR spectra of salicylaldehyde hydrazone showed the characteristic
-l -i

bands ofC=N at 1600 cm and the NH band at 3100 cm .

2.4.1.2 Barady's reagent test: 0.06 g of salicylaldehyde hydrazone

was dissolved in 3 ml of 2,4-dinitrophenyl hydrazine solution, the

expected yellow or red precipitate was not obtained. This indicates the
[77]

absence of the carbonyl group.

2.4.1.3 Lassigne test: a small piece of sodium was placed in an

ignition tube, which contains small amount of salicylaldehyde

hydrazone. The tube was gently heated on a flame. After few minutes

the tube was removed from the flame till the strong gas evolution



subsided. The tube was then strongly reheated and rapidly placed in a

small beaker containing 10-15 ml of distilled water, after breaking the

tube, its contents were gently agitated and filtered. The filtrate was

tested for nitrogen by adding few crystals of iron (II) sulphate. Green
[77]

precipitate was observed indicating the presence of nitrogen.
p,

2.4.1.4 Determination of the nitrogen contents: nitrogen content was
[78]

determined by kjeldahl method. 0.089 g of SH were placed in a

kjeldahl flask and digested with 10 ml of concentrated sulphuric acid

1. 5g of potassium sulphate and 0.2g of manganese dioxide were added

to the mixture. The mixture was then heated until the organic matter

was destroyed and the solution became clear. The content were cooled,

diluted with 50 ml of distilled water and transferred quantitatively into

a distillation apparatus, few antipumping granules were added,

followed by 50 ml of sodium hydroxide. The end of the condenser was

just dipped into a flask containing 50 ml of 0.1 M standard hydrochloric

acid., then the mixture was heated to boiling and the distillation was

continued until the evolution of ammonia gas was subsided as indicated

by distillation of water. The excess acid was titrated against standard

0.1M sodium hydroxide using methyl red as indicator.

0 / x r [(VxM)Hc,-(VxM)NaOH]l.4
yoJN =

weight of sample

Results and calculation:

f(50x0.1)-(37x0.1)]l.4
Calculated % N = ^ J — = 20.449%

0.089
Table 1: Nitrogen Content of SH: \

hydrazone

SH

Theoretical N%

20.580

Practical N%

20.549
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2.5 Establishing the conditions for the maximum absorbance of

SH

2.5.1 complexes with Fe(II) and Fe(III)

To determine the wavelength of maximum absorbance for Fe(II) and

Fe(III) ions complexes with SH before using the FI, the batch method

was used using a solution mixture of 25 ppm of either Fe(II) or Fe(III)
-3

with 1x10 M SH. Both complexes showed a wavelength of maximum

absorbance of 412 nm.

2.5.2 Effect of pH on the wavelength and absorbance:

To study the effect of the pH on the wavelength of the maximum

absorbance, the Fe(II)-SH and Fe(III)-SH complexes were prepared
-3

from 25 ppm metal ion and 1x10 M SH into solutions of different pH

values, the results are shown in Table 2 and Fig 10, j |

Table 2: Effect of pH on the absorbance of SH:

PH

5

6

7

8

9

peak height (cm)

Fe(II)

6.0 ;

7.3 i
r? ;

9.0

7.8

5.0

Fe(III)

2.7

3.5

3.9

3.7

3.0



Fig.(10)
Effect of pH on the wavelength and the absorbance of Fe(IH)-SH

ft ?H

5-4

I
5 7

pH
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Fig. (11)
Effect of pH on the wave length and absorptivity
ofFe(n)-SH

4.0-1
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i
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7

pH
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2.5.3 The effect of micelles on the; wavelength and absorbance:

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

the Fe(II)-SH and Fe(III)-SH complexes were prepared from 25 ppm
-3 ... : : -1

of either Fe(II) or Fe(III) ion into 1x10 M SH into different micelle

concentrations of either n-hexadodecyl pyridinum bromide

monohydrate or sodium n-dodecyl sulphate, the results are shown in

Tables 3 and 4 and Fig 11, -\V \^JV5> -

Table 3: Effect of the n-hexadodecyl pyridinum bromide

monohydrate on the absorbance

Concentration

(M)

l x l < T

1 x 10"*

1 x 10"H

peak height (cm)

Fe(II)

15.3

13.7

11.8

Fe(III)

10.0

13.8

12.2
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Fig. (12)
Effect of the n-hexadodecyl pyridinum bromide
monohydrateon the wavelength and the absorbance of Fe(l 1)-SH
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1 4 -

1 3 -

M
1 2 -

PH

11 -

1 0 -

Fig. (13)
Effect of the n-hexadodecyl pyridinum
bromide monohydrate on the wavelength and
absorbance of Fe(IH)-SH

BOH)

i
0.000

I • I ' I ' I
0.002 0.004 0.006 0.008

Concentration of n-hexadodecyl (ppm)

0.010
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Table 4: Effect of the sodium n-dodecyl sulphate on the

absorbance

Concentration (M)

1 x 10"-1

1 x 10T3

1 x 10"̂

peak height (cm)

Fe(II)

5.7

6.0

6.2

Fe(III)

14.4

• 7.7

8.8

2.6 Optimization of the flow injection conditions for SH:
i

To optimize the conditions for FI with SH, different combinations of
» i

solution mixtures and different carriers were used, these are shown in

Tables 5-8.

Table 5: Flow Injection Optimizing Conditions of 25 ppm Fe(H) and
-3

25 ppm Fe(Hl) using 1x10 M SH and different carriers

Sample

SH + FeOI)
SH + Fe(ffl)
SH + Fe(H)

SH + Fe(III)

SH + Fe(ni) + lxl 5'
M

dodecylsulphate
SH + Fe(H) + lxlti"*
M
dodecylsulphate
Fe(II) + 1 x 10"' M
dodecylsulphate
Fe(m) + lx 10' M
dodecylsulphate

Carrier

H,O
H,0
IXICT'M
dodecylsulphate
lxl0"r M
dodecylsulphate
1x10"' M
dodecylsulphate

lxl0n M
dodecylsulphate

SH

SH

Peak height
(mV)
9.5
9.2
10.5

10.3

10.5

8.3

15.0

17.0
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Fig. (14)
Effect of the sodium n-dodecyl sulphate on the wavelength
and absorbance of Fe(in)-SH Fe(ffl)
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Fig. (15)
Effect of sodium n-dodecyl sulphate on the wavelength and absorbance of Fe(II)-SH
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After establishing the conditions of the maximum absorbance for each

Fe(II)-SH and Fe(III)-SH complexes, the effect of the presence of

either Fe(II) or Fe(III) ion in the absorbance of their SH complexes was

studied. The results are shown in Table 6.

Table 6: The effect of the presence of Fe(II) and Fe(III)on the
-3

absorbance of each other using 1x10 M SH and FL,0 as a carrier:

Sample

25 ppm Fe(II) +12.5 ppm Fe(III) + SH

12.5 ppm Fe(II) + 25 ppm Fe(III) + SH

Peak height (mV)

4.95

7.75

To study the effect of ascorbic acid as a reducing reagent for Fe(III) on

its determination as SH complex was studied by preparing different

solution mixtures as shown in Table 7.

Table 7: The effect of ascorbic acid as a reducing reagent for Fe(III)
-3

using 1x10 M (SH), 0.1M ascorbic acid and F^O as a carrier:

Sample

25ppmFe(H)+SH

25 ppm Fe(II) + 12.5 ppm Fe(IH) + SH

37.5 ppm Fe(II)+SH

25 ppm Fe(II) + 12.5 ppm Fe(III) + SH

+ Ascorbic acid

Peak height (mV)

7.2

5.0

8.6

6.3

After investigating the different conditions and their effect on the

absorbance of Fe(III)-SH complex, a calibration curve for Fe(III)-SH
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-3
complex was' prepared using 1x0 M SH and water as carrier. These

are shown in Table 8 and Fig 15.

Table 8: Calibration for Fe(III) using 1x10 M SH an

carrier:

as

Concentration (M)

8.0

5.0

2.0

1.0

0.5

peak height (mV)

11.8

8.0

2.7

1.2

0.7

2.7 Synthesis of Trihydrdyacetophenone Jhyd razone

(THAPH)

0.9 g of trihydroxyacetophenone was dissolved in 20 ml ethanol. the

mixture was placed in a three necked round bottomed flask. 23 ml of

hydrazine hydrate was placed in a separatory funnel, which was fixed

into one of the side neck.. A reflux condenser was attached to the

middle neck. The third neck was closed with a thermometer. The

contents were refluxed for 9 hours. Greyj crystals were formed on
i (

cooling. On recrystallization from aqueous ethanbl, grey crystals were
(77)

obtained. Yield 0.5g, 55%, m.p. 225C°, (lit.,222 C°).
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CHJ

trihydroxyacetophenone hydrazone

OH

2.7.1 Identification of THAPH:

2.7.1.1 IR spectra of trihydroxyacetoplienone hydrazone was recorded

on infrared spectrophotometer. The spectra was measured at room

temperature, with the trihydroxy acetophenone hydrazone sample

dispersed in KBr disk pellets.

The spectra showed the characteristic bands of C = N at 1610 cm
-i

and NH (stretching) at 3120 cm .

2.7.1.2 Barady's reagents test: This was carried as in 2.1&JU2. The

expected yellow or red precipitate was not obtained, indicating the

absence of the carbonyl group.

2.7.1.3 Lassigne test: This was carried as in 2.1 .̂1.3. The expected

green precipitate was indicating the presence of nitrogen.

2.7.1.4 Determination of the nitrogen contents was carried as in

using 0.065g of THAPH.

N% =
[ (VxM) H c , - (VxM) M ] l . 4

weight of sample

[(50 x 0.1) - (ifut< 0.1)11.4
N% = & } K — 4 — =

0.065
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Table 9: Nitrogen content of THAPH

Hydrazone

THAPH

Theoretical |N%

15.384 |

Practical N%

15.376

2.7.2 Establishing the conditions for the maximum absorbance of

THAPH complexes:

The wavelength of maximum absorbance for both Fe(II)-THAPH and

Fe(III)-THAPH was determined by preparing the complexes from 10
-4

ppm metal ion solution and 1x10 M THAPH. Both complexes had

shown a maximum absorbance at 412 nm. However, further work was

conducted to study the effect of the bases on the absorbances of the

complexes. Sedium and ammonium hydroxides were chosen. The

results are shown in Tables 10 and 11.

Table 10: The effect of NaOH on the peak height using solution of
-4

10ppmFe(III)andlxl0 M THAPH

Concentration (M)

1 x 10"'

1 x 10~a

1 x 10"*

Peak height (cm)

10.3

10.3

10.5 -

Table (11) The effect of NH4OH on the absorbance using solutionof

10 ppm Fe(III) and lx 10 M THAPH

Concentration (M)

1 x 10"'

1 x 10"a

1 x 1<F

Peak height (cm)

10.5

10.5

10.9
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To study the efifect of the micelles in.the absorbance of Fe(III)-
; | . . , ; -3

THAPH, the complex was prepared from 10ppmFe(m), 1x10 M
-4 ; 4 .

NH4OH and 1x10 M THAPH, in different concentration of n-hexa-

dodecyl pyridinium bromide monohydrate. The results are shown in
! i

Table 12.

Table 12: The effect of the concentration of h-hexadodecyl pyridinium
' I : I I *

bromide on the absorbance using 10 ppm Fe(Tfl), and 1x10 M
THAPH and lxio" M NH4OH.

Concentration (M) Peak height (mV)

1x10" 11.2

lx l (T 10.6

1x10 10.4

2.7.3 Optimization of the flow injection conditions for THAPH:

After studying different individual conditions for the maximum
~ i

absorbance of Fe(HI)-THAPH, different combinations of these

conditions were investigated. The result shown in Table 13 indicated
I ( :

that peak height is short than with SH, Table 5, this may attributed to
-4

the use of 10 ppm of the metal ion instead of 25 ppm, and lx 10 M
-3 .

hydrazone instead of 1x10 M.
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Table 13: Optimization of the flow injection system using 10 ppm

Fe(m), 1x10 MTHAPH, 1x10 MNH40H and different carrier

Sample

Fe(m) +• THAPH +

NH4OH

Fe(DI) + THAPH

Fe(m) + THAPH +

NH4OH

Fe(m) +THAPH

Fe(ffl) + THAPH +

NH4OH

Fe(m) + THAPH

Carrier

H.0

lx 10a dodecyl sulphate

lx 10* dodecyl sulphate

lx KPdodecyl+lxlO"*

MN40H

Ix l(Pdodecyl + lx 10~3

MT^OH!

Peak height

(mV)

6.6

6.7

6.7

6.0

6.7

6.2

After the optimum conditioner the maximum absorbances of Fe III-

THAPH were established, a calibration curve for the complex was

constructed as shown in Table 14 and Fig.

.-5

Table 14: Calibration for Fe IE using 5x10 MTHAPH and

water as carrier

concentration (ppm)

8.0

5.0

2.0

1.0

0.5

peak height (mV)

4.1

3.8

3.5

3.4

3.3
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Fig. (16)
Calibration for Fe(III) using SH
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Fig.(17)
Calibration for Fe(III) using THAPH
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Chapter Three

3.1.Discussion

Two hydrazones were synthesiser namely salicylhydrazone (SH) and

trihydroxyacetophenone hydrazone (THAPH) were synthesised with

the objective of developing a method for determining of Fe(II) and

Fe(III) in the presence of each other and hence the total iron. Those

hydrazones were selected so as to combine the ability of phenolic

compounds to complex Fe(m) ions and the complexing characteristics
[i]

of the hydrazones. In addition, as micelles are finding increasing

applications and drawing greater interests in analytical chemistry,

particularly molecular spectroscopy, their role in the speciation of iron
[55]

is investigated.

The complexes of Fe(n)-SH and Fe(m)-SH as well as those of Fe(H)-
i

THAPH and Fe(m)-THAPH had shown maximum absorbance at X =

412 nm which was not modified by presence of micelles i.e. sodium n-

dodecyl sulphate (SDS) and n-hexadodecyl pyridinium bromide.

The maximum absorbance takes place around a neutral pH. This may
i

be attributed the retardation effect of the hydrogen ion in the acidic

medium i.e. it competes for the lone pair of electrons (in the nitrogen

and oxygen) making them no longer available for the metal ions, while

in the basic medium the presence of the hydroxide ion my precipitate

the metal ions, Figs. 10 and 11.

. The effects of the addition of n-hexadodecylpyridinium bromide to

Fe(II)-SH and Fe(III)-SH are shown in Figs. 12 and 13, respectively.

Generally increasing the concentration of the micelle increases the

absorbances of the complexes. This may be due to the bulky functional
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group of this micelle concentrates the incident radiation. The decrease

of the absorbance in Fig. 13 with increasing the concentration of the

micelle may be because of the relatively higher excited state of Fe(H[).

The effects of the addition of sodium n-dodecyl sulphate (SDS) to

Fe(III)-SH and Fe(II)-SH are shown in Figs. Hand 15, respectively.

Generally increasing the concentration of the micelle decreases the

absorbances of the complexes. This may be due to the small functional

group of this micelle scatters the incident radiation. The increase of the

absorbance in Fig. 14 with increasing the concentration of the micelle

could not be rationalised.

To study the effect of the presence of Fe(II) and Fe(III) on the

determination of each other, mixtures of Fe(II)-SH and Fe(HI)-SH were

studied as shown in Tables 5 and^However, the use ascorbic acid as a

reducing reagent for Fe(m) did not produce the needed results but non

reproducible results, which may be due to the masking effect of

ascorbic acid and. thus making the metal not available to the ligand.
j

However, conversion of Fe(II) to Fe(DT) prior to the determination was

avoided as this requires the use of oxidant, which will oxidise the

ligand as well.

To establish the conditions for me maximum absorbance of THAPH

complexes, the effect of the base was investigated by using sodium

and ammonium hydroxide, Tables 10 and 11. Generally increasing the

concentration of the base decreases the! absorbance. As expected,

ammonium hydroxide produced a j positive results than sodium
i ! i
1 i i

hydroxide. This can be understood from | the fact that the latter is a

stronger base and this increases the probability of precipitating the

metal ion as hydroxide.

65



After establishing the optimum FI conditions for the four complexes i.e.

Fe(H)-SH, Fe(m)-SH, Fe(II)-THAPH and Fe(m)-THAPH, the

calibration curves were constructed as shown in Tables 8 and 14 and

Figs. 16 and 17 which represent those of Fe(ITJ) with, the two ligands

only. Calibration for Fe(II) with the two ligands produced non

reproducible results compared with those of Fe(IH). This may support

the fact that the hydroxyl group had contributed to the complex

formation and not the hydrazone group only. The calibration curves for

Fe(IH) with both ligands produced a nearly linear response in the

concentration range studied as shown in Tables 8 and 14.

3.2. Conclusion and suggestions for future work

This study had proved that the metal ion-hydrazone complex formation

. is influenced not only by the hydrazone group but also by other groups

present in the skeleton of the hydrazone carrying group.

The Future work may include:

1. The use. of luminescence techniques i.e. fluorescence and

chemiluminescence which is the main objectives of this study;

2. The use of other micelles.
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