CHAPTER II

THEORETICAL AND PRACTICAL ASPECTS

2.1 Organic Compounds as Metallochromic Reagents

tion as metal complexing agent
which formed colour products l ions were called "Metallo-

chromic Indicator" omlc group(s) in their

structures. The orga a metal ion only if it’

contains in additig ) ' S\ in 1 auxochromic group (s) other

electron donating atoms fid sui 3 e ns that together with the

metal ion they can jfox ela! - \\ sually five or six membered

rings which are highly /st omic groups containing

heteroatoms e.g. nitz@geni

unshared p-electrons fo

fur, and halogens involve
d exhibit absorption spectra.

This absorptionbai | tt in of a charge-transfer
& - o :

complex formed y -ween a K‘ acceptor molecule.

The complex can m descr:.bed by the resonaﬁe structures :
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covalent
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The tendency of charge-transfer complex formation and the
energy change in the transition of the electrons must depend on the
ionization potential of L and the electron affinity of M, and such

correlation have been made.
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The equilibrium constant (K) for the reaction

The absorbance (A) of the complex as a function of the concen-

tration is determined by the absorption law.

When L and

e initial concentration of the

organic ligand and m ) ‘ ely and since [I] o>>[M]o

o .
P -
Thus a plot _ : o ives a straight line and form
the slope and intercept “and X can be obtained.
‘The hege ,-.-,_--‘- groups of atom
such as C=0, I] - '_ ‘and -—NO2 containing n,T
|

or conjugated T electrons. These electron donor parts of the ligand

structureﬂc!ﬂaﬂtﬂa ﬁﬁfﬂé‘a’ wmﬁ?tﬂ ions.  The

frequenc:Le and the :Lntens:.t:l.es of the absorptlon bands are nevertheless
sena:wr}aﬁnﬁﬁ WW% m‘ﬁﬁ: resonance effect
of th substituents. For oxime compounds ( C=N-OH ), N and O atoms
are doner atoms. The mode of co-ordination of this group may be in-
fluenced by other group(s) present in the oxime. On this basis the

oximes may be grouped intqQ the following main classes.
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l. Simple oximes 6. Pyridine oximes
2. vic-Dioximes 7. Azo-oximes

3. Carbonyl oximes 8. Hydroxyoximes
4. Nitrosophenols 9. Amine oximes

5. Imine-oximes 10. Amido oximes

The effect of c 10 the energies of transition and
sensitivity of the or n ha examined. It is suggested by

Huckel molecular

ansition frequency decreases

with increase i

(usually organic) for extrac-
tion, the separation o' «f—: st tuent from a solid or colloidal
sample dispers_ing in_a-se : ' : 77 ] agueous) may sometimes by

conveniently ach: : e GO "-"'-'-"““fi
in the liquid lﬂl any ather substances present is
so small as to be {1e ligible. I many cases the dlssolved compounds

i ﬁ o gegg Ny gq@wgq P Foioss by visisre spec-

trometric thod. The technique is agllable to ch level and large

R ) FRIEA LB Blocns 30 s

s:.mple, clean, rapJ.d and convenient. The effect of shaking may be

e effectively dissolved

considered but can be lessen by applying most ultimate contact between

the solute and the solvent.

The various terms used for expressing the effectiveness of a

separation must be considered. For a solute A distributed between two
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immiscible phases a and b, the Nernst distribution law provided the

distribution coefficient or distribution ratio as

D = Concentration of solute in solvent

ar o [A]a
Concentration of solute in solvent b [A]b
Considering the extr on of a solute A from agueous solution

in organic layer (v VJ ana E layer (volume = Vw) respec-

"
tively, the perc di o the distribution of the
solute A between : / gé \

may be obtained from:

E% = 100 D
+
D (Vw / Vo)
In solvent ext: iy sis metal, it is concerned with
' - '
methods by which the wat 111ty of inorganic cation may be caught
by interaction wi priate (larg ganic) reagents. These

11y soluble in organic

solvents. In c}gation e Cent@l metal ion co-ordinates

with a polyfuncticfiﬁ organic. base/ to form uncharged stable ring
coon: LW ELS N RINA NN .
U

pairs with increasing concéntration afid can a‘lﬁextracted into

ATAIN TR I T

Factors favouring solvent extraction of the chelation complexes

include :

1. The basic strenght of the chelating group. The stability

of the metal co-ordination complex will depend upbn acidity of metal ion,

basicity of the co-ordinating ligand and configuration of the resultant
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complex. The reagent that co-ordinates with the metal ion must have

basic character ; it rises with increasing pKa value.

2. The electronegativity of the donor atoms of the basic

group in the chelating agent. Atoms of lower electronegativity tend

to form stronger bond, e.g., nitrogen and sulfur are better than

oxygen.

33 ered rings are most stable,
since these have Wxa mional groups of the base
must be so situat e fklé_' ey permit the formation of

a stable ring.

4.

ratio. As the ragio

usually rises, pro dg '} , has aviable binding orbitals
i _‘IJF‘N a‘ ‘u_ B |

for the electron paiffs j4f accepts. JThe transition metals, possessing

unoccupied low-lying | bonds much more readily than the

non-transition *‘4;3 in bond formation affect

A

not only the bbzﬂ O nu-ical arrangement of the

complex. The appﬁpx1mate order of stability of complexes of a limitted

of blvaleﬂ ﬂ%}ﬂ%ﬂ%ﬁo%ﬂﬂﬂ fa'ents has been given as:

Pd>Cu>N1 >Pb >Co#>2Zn >Cd >Ee>Mn>Mg

AW RN AR VAN AL, o« e

structures is enhanced by contributions of resonanee structures of the

chelate ring.

Solvent-extraction is generally employed in analysis to separate
a solute (or solutes) of interest from substances which interfere in

the ultimate gquantitative analysis of the material. The choice of
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solvent for extraction is governed by the following considerations:

(i) A high distribution ratio for the solute and a low

distribution ratio for undesirable impurities.
(ii) Low solubility in the aqueous phase.

(iii) sufficiently low viscosity and sufficient density

//) avoid the formation of emulsions.

(iv) Lo city ability.

difference from the aqu

The extra "0‘ o, LEe ‘
preparation for thegdeai Ai
involving an extragtig s conde: o of the desired solute is

determined directl

the absorbance of a R A } Fg__f ‘ &{.o tion of the coloured complex.

: _frequently used in trace analysis

- is the enrichmeat 3 he trace'elements concerned, and

their subsequenfjs The inherent ease and

|
simplicity of spesxrometrlc methods coupled with the aviability of

mexpensﬂ wm ﬁﬁ%ﬁjow;ﬁ Wﬂt are undoubtedly

important asons for this popularlty. There are organlc reagents
55 ¢
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elemants (usually inorganic) to be determined.

The basic principle of quantitative absorption spectroscopy
lies in comparing the extent of absorption of a sample solution with
that of a set of standards at a selected wavelength. When measurements
of absorbances are carried out with spectrophotometers, the chosen

wavelength should be appropriate to the spectral range concerned.

008720
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In general, the maximum absorption-wavelength is chosen for maximum
sensitivity. This chosen wavelength should not in the region where
the absorbance changes so rapidly with change in wavelength. The
calibration curve obtained by the standard procedure usually becomes
linear in a range of concentration of coloured complex. The molar

absorptivity can be calculated from the slope of the curve. Many

lving in the formation of

important role in oomplex
se of a buffer often elimi-
nates certain inﬁ- ) ;. Aﬁ7“ \ ‘ o the acid-base properties
of substances. Ofi;. ‘73»H;73~:"-=e with metal complex forma-
tion may be very or protons) is displeced

in the co-ordinatic

ated by the composition of

the absorbing ration of reagents should be

determined, since either not enough or too[luch reagent can cause

“W“ﬁw’i NYNINYINT

Waiting time. Formatlon of some complexes is not

mam QPR E SIS s e

a fe "hours for full colour development or complete precipitate after

addition of reagent.

(4) Shaking time. The effect of shaking time on complex

formation and on extraction of the complex should be examined. The

effective shaking time which the absorbance remaired constant is
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required for highest sensitivity of the method.

(5) Standing time. After shaking in the extraction process,

both layers, organic and water, gradually separate. The measurement
of absorbance should be performed after complete separation for clear

solution and distributing equilibrium. If the absorbing complex

'”//;ance measurement should be made
<

equently it is important to

formed is not very stable,

as soon as possible.

N

(6)

add the reagents.d erwise full colour develop-

o
®

ment will not besPossib .

(7) €oe ! nd maski gents. Other ions existing

in measured solution Ainterfere quantitative results of interes-

ting ion(s) or not Af ent in small amount. High concentra-

tions of these electroly: the ion-association complexes or

ligand replacement e a distortion in quantitative

results. \ﬁl 1 help to eliminate the

m
B 1)) pieh by e
equaﬁi W'W éNﬂiflJ NW]’MEH& ¢

nL /> M L
i SR

effect. H.

The molar ratio of meﬁal ion é.nd ligand forming the complex is
important. Various methods have been applied to the investigation of
the empirical formulas of these complexes in solution. In this work,
three common methods for estabiishing metal ion and ligand ratio of

the complex were studied.
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: (1) Job method. A method for the identification of
compounds formed in solutions by reaction of two components has been
described by Job (24) and extended in applicability by Vosburgh and
Cooper. (25) The substance M and L react according to the above
equation and that solutions of M and L, both, are mixed in yarying

proportions while the total entration and volume of both components

)

are kept constant. monochromatic light (a suitable

wavelength) belong" each &neasured ana corrected for
| — ! —
any absorption o d céies. The corrected absorbance

is then plotted \‘ A maximum (or a minimum

if the complex &bs A &5k ¢ \ \-\‘
corresponding to'thg cg i ’ : .’\ :

the composition of the composi-

s) occur at a molar ratio

ount d L in complex. The use
P Yl
of the absorptioa®fof ination o
. 5 1 ¢ i 1 '. ] % 2 3
tion values corresponding to the @oncentration maxima is not as simple

when two or more comj Sle as when only a single compound

is formed.

quE
SRR (C R/ (TN R

R 03 05 07 0.9
MOLAR FRACTION OF LIGAND

T

Fig. 2.1 The Job method plot of complex ML (I) and ML_ (II)

2
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(2) Molar-ratio method. This method applied by Yoe and
Jones (26) is valid for stable complexes. The concentration of one
coxﬁponent is fixed at a certain amount while the other varies to
. : . . [m] [1]
give a series of concentration ratios (.75 of [1_4] ). The absor-

[l

bances of these solutions measured at an suitable wavelength are
plotted against the ratios. The absorbance increase linearly up to
the molar ratio of the .‘ ’% ratios of the component
cannot increase the abs Vo 4 becomes horizontal or

shows a break as show = o hé“eurve may not show sharp breék

at a molar ratio © ed by concerned other

interaction(s) sut loured complex. In some

cases an increasi » cause a decrease in

absorbance owing & der complexes that have

smaller molar abso

AuSAINININGINT
RINNIUNNINYAE
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10} o
© ot

0.8}
w
(6]
‘Zt Fig.2.2 The molar ratio
m 06} : :
g method plot of
(2] i d
03]
< 04} LAl complex ML,

0.2

MOLE LIGAN

(I) Compong e wavelength (usually A

max

(II) Componen at the wavelength

(III) An exceSs ef compon suses a decrease in absorbance
at the waw

-

‘ J-- was proposed by

‘he 'applicabﬁty of this method is
suitable fg # i(ﬁ formed. When one
component ! EH rﬂm mﬂi amourit for complete
c i ﬁ amount so that
the qncm&i@onsﬂi@oﬂyyt ﬂzqu Hhose varying

Harvey, Jr and '“ ing {27)%

amounts.
i . s e
For the reaction : m M + p 3 SR80 U Man
- = [M] L L]
and [Man] = = = T

)
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Absorbances of each solutions were recorded under the Beer's

law condition,

A = €b[mrL]

When the absorbances of the combined complex is plotted against

the varied amount of the component (M or L), the slope of the straight

line is ;
The slope (w! = "—bm-m]
and the s( ' : Ill:L]

The rat a \ & Complex .Man may be determined

10l E ”gana exéss @ 2.3 The slope-ratio
- ANIINGINEINT
AR89 W'\_‘WEH A

ABSORBANCE

metal excess

0 2 a 6 8

mL.OF VARIED COMPONENTS
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2.3 Complexometric Direct Titrations with EDTA

Among the earliest methods of determining the presence of metal
ions is the titration technique in which the metal complex is formed.
The complexing reactions that proceed in simple exact stoichiometry

with a large equilibrium constant to ensure completion at the equiva-

the end point must be specific to
%am organic reagent, as a
; sencedof ﬁsix atoms which are available
4 1 uch a way that five-membered

for co-ordination to me
ring are produced g’ s¥matiion of ‘\\; -EDTA complex actually
molécules in the coloured metal-

AN

ifj‘!,_ changes of pM. Such indicators

lence point. Visual detect

each titration. The

titrant is due to

involves the replagern
indicator molecule
indicator is often

form complexes wit E_ etal+] & ; these differ in colour

-”olution between the metal

i

ion and hydrogen ions seeking the negative Sites on the EDTA molecule.

The equilﬁiﬂ E}%ﬂ ﬁﬁWﬂ?ve bond strengths

and the reldtive concentrations of the various species. The stability

« QRTREAIN HNAINGA Y
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Table 2.1 Stability constants of metal-EDTA complexes in the

medium of ionic strength p = 0.1 at 20°C

metal ion ' log Kf metal ion log Kf
Fe (III) 251 Al (III) 16.1
Cr (III) Fe (II) 14.3
Hg (II) Mn (II) 13.8
Cu (II) a (II) 10.7
Ni (II) (1) 10:3
Pb (II) B \ II) 8.7
ca (I1) '4; e ¥
2 A ANNN

Zn (II) 6&‘3_ AN 1.7
Co (II) / | &‘i%;

]
Ji’ﬁ?‘.ﬁ

.
e

ith EDTA is affected by

variation of t -; {8 * the .-*'\’-‘ in pH will reduce

the concentration’of the complexing specieiu hence EDTA forms com-

MO L 121 )
9 WORRER TS Y189 e =

direc‘ titration. The solution containing the metal ion to be deter-

mined is buffered to the desired pH and titrated directly with the
standard EDTA solution. At the equivalence point the magnitude of the
concentration of the metal ion being determined decreases abruptly.
This is generally determined by the change in colour of a metal indi-

cator. The requisites of a metal ion indicator for use in the visual
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detection of end point include :

(1) The colour reaction gives strongly coloured solution

before the end point (when nearly all the metal ion is complexed with

EDTA) .

(2) The colour reaction should be specific or at least

selective. Ry ’ ,/
| (3 ~t al=-indi & ex must posses sufficient

stability, however, be les ‘ ¥y 1* metal-EDTA complex so

that the change i il 1] om the metal-indicator complex to the

ator and metal-indicator

complex should be/€o s ble 2 ‘end point is readily observed.

" sensitive to small amount

of metal ions.

The use of | EDTA titration may be

—

o

written in comm

M—In + EDTA ———-D M-EDTA + 1In

AU ¢ o] ALk

The stab:.l:nty of the metal-indicator complexsmay be expressed

tn el Fidetde Srbdabd ) ANt 88

[M-1n]

i T

when [ M-In]

K

concentration of metal-indicator complex
[M] =" concentration of metal ion
[zn] - = concentration of indicator not complexed

with metal ion
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The equation may be expressed as :

pM + log ______[M—In]

[1n]

log KIn

For a small titration error KIn should be large (>104) , the

: 4 : [1n]
ratio of KEDTA/KIn should be g (>10") and the ratio of T should
be small (<10 ). O\ ///
Nz
..—-“‘..'-‘-’-l' L

2.4 General Methods"foy Preparat ON 0!

The two ¢ enoxime and 5-chl‘oro;2-

hydroxy-3-methy 2n already commercially

prepared. It is aromatic oximes by using
phenols as starti can be acetylated with
acetic anhydride t he Fries rearrangement in

the presence of alum the o-hydroxy derivatives of
acetophenone. The ketones ,, d to give the oximes. They are

recrystallised several

2.4.1 9eri : @ _
e ‘i rific 'oﬁ‘ﬁ an _aromatic alcohol may readily
achieved !ﬁuﬁﬂn zﬂ:ﬂh aci ﬂ’jlﬁie practical yield of
est ad : i gﬁ i 5 a& excess of one
of Rﬁg:ﬁg ahi ﬁﬁiﬁﬁﬁull ﬂ reach sooner.
The excess component may be largely removed by distillation (usually

alcohol), pouring into a large excessof water or treatment with sodium

bicarbonate solution (for acid).
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2.4.2 Fries Rearrangement

An ester derived from phenolic compound can rearrange to

aromatic ketone in the presence of aluminium chloride. The ester

and catalyst are usually employed in equimolecular amount. The nature of

the product is influen # ructure of the ester, by tempera-

ture, the solvent an : ount i ainium chloride used. With

phenylacetate ester etophenone are formed.

Generally, low r \L;;\ e formation of p-hydroxy

ketones. The me n is not known with
certainly. One e intramolecular rear-
rangement in whic T oup migk Ak directly from the oxygen
. . | e£.scheme postulates that
the ester is claved 2 uted m ride to thercorresponding phenol

complex and acid chlor'»”;;fé'»_f °r recombines in the normal

Friedel-Crafts.fiani :;;;.HFFW--::zzzzz;a;
Ceﬂs'gOR » m CgHZORIC1, + RCOC1
ﬁ'ﬁ’d AR TN
5-D1hydro acetophenone gan be prepared in good ield by heatlng

A AR AN HAEGR 4 b
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OCOCH3 OH ?H3
Cx
AICI =0
N
OCOCH4 OH

And 5-chloro-2-hydroxy-3-methyl acetophenone can be prepared

in the same manner fr

CH3

cl

2.4.3 The

Aldehydeg C=0 group can react with

hydroxylamine to gi The procedure of oxime prepa-

ration by heating -;_-g} ] with hydroxylami,ne ‘hydrochloride

and sodium hyd: g'_.—«‘-mu-—»-- ----~~----'-—‘:.ai e involving mechanism

is condensation y . %hydroxylamine as described:

mJEJ’J‘VIEJUEﬂ )

——A RC=N-OH

q mmmm lliﬂ’]’)‘ﬂfl'] aY

Many of these oxime products are crystalline compounds of

sﬁarp melting point and therefore useful for identification and

characterisation.
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