CHAPTER 1I.

PRINCIPLE, THEORETICAL AND RRACTICAL

BACKGROUND INFORMATION

2.1 Metallochromic Reagent(9)

This group of reagent may be classified into

various types as follows:

!

21,1 Metal Indicator Metal indicators are

‘sﬁbstaﬁces that undergo a marked color change when the
conqentration'of‘free metal ion in a solution ch;nges.
These.indicaﬁors usually ha?e'?roﬁerties'typicallof a@id-
base indicators. The anion of the indié%tér is a base
capable of doﬁating one or more eleétrgnfﬁ#ifsnénd bén.
hence function as a jiigand, ThistﬁaSe‘cén‘react with ;
hydrogen ion or, a metal ion (or with othér,eleétrdphilic
species). Often the color of the,metal‘cbmple; ié about
the ;ame ésrthét.of the free indicétor anion; éndlthel
icolor change‘OCCUrs when one or more hydrogen ions are
_replaced by. a metal ion. It is poSSibie to claésify the

metal indicators broadly according to their mode or

.machahism of reaction into four types-'

2.1,1.,1 Metallochromic Indicators Metallochro-

mic. indicators are substances which react with metal ions
to: form colored products having the prob?rties-necessary

in visual indicators. The color-species is usually due



to the formation of a chelate bomplex, but there are a
few instances where inorganic anions such as iodide or
thiécyénate form simple co-ordination compléxes of
sufficient absorﬁtion in the visib;e fange of the spectrum,
Metallochromic indicators can be classified on the basis
of their structures to be: azo dyes, phthaleins, sulfo-

!

phthéleins, triphenylmethane dyes, antraquinone dyes, and

phenolic substances.

2,1.1.2 Fluorescene Indicators Fluorescene
indicators have also been called " metalfluorechromic
indicators ”(10) or " metalfluorescent indicators "(11).

These are similar to metallochromic indicators. in their
.chelation propgrties and mechanism of readtion except

that on formation.of a chelate the fluorescence. Complexo-
metric titrations with such indicators are usually
preformed with the solution subjected fo'qltraviolet

illumination,

2.,1.1.3 Diverse Metal-sensitive and Metal-

specific Indicators A further group of metal indicators,
Which are themselves colorless, So‘thé &étection of the
endepoint is based on somewhat different pfihciples. The
color formation is attributed in some cases tof¢harge
tranéfer‘specfra or to alteration of the:ligand field
strength, ‘The cdlor'of the uncomplexed indicator does"
not interfere, and hence, if neéessary, a fairy high

‘indicator concentration can be used. For most colorless



indicators, which as a rule are less geﬂéitive than the
indicafor dyes, this visually detectab;e‘éolor intensity
corfgspondsTto a molarity Betwéenflof ;ndf 10-6(12);
.In séiectedlbases, tﬁe action and sensitivity of such_
indicators may be improved by the additioﬁ'of;an dngahic
'sdlvent, such as alcohol or é ketone, ﬁolthe titratiqnu

medium,

|

2.1a1.k Turbldlty Indicators: The end'point

of a complexoméﬁric tltratlon can be detected by observing
the appearance of a precipitate, Well known' is' the
_classical method of Liebig—Denigés(iB);‘g‘solution of.a
.cyanide‘is titrated with silver nitrate Gntil % precipiits
-of-siiver argentocyanide is forméd, Tufbidity indicatérs
Are of little contemporary interest for chelometric

titration,

- {
2,1,2 Redox Indicators .Redox %ndicators are

appllcable in some complexometrlc titrations, as the

I

potentlal of a redox couple is markedly: 1nfluenced by’ the

‘presence of a.complexing‘agentgwhlch fprms a more'stablé

complex'with the oxidized species:than with reduced
spécies‘(or vice versa), or ﬁhich iﬁ a more indirect'way
alters the rétlo of the concentratlons of the ox1dlzed
and reduced spec1es.l As the method can be applled only

to special systems and as many of the indicators react

slowly; the method has its limitations.



.Mefallochromic Indicators

K8rbl and Pribil(9) introduced the term metallo-
.chromic indicatdf to designate a metal ihdiéatdr that has i
‘ : ’ : . ‘ ‘ l E
acid-base activity and that functions.ihja complexometric

¥
'

titration by reaéting with fHe ﬁetalﬁionltékform a chelate
subsfantially séluble in thé titratid? médium; In ﬁhe‘
structure of sﬁch indicators one or more iigand groﬁps
must be joineq.directly to a resonance system. (Such
indicatofs are usually so-called mor&ant or chrome dyes)
The change in the spacing of low=1lying T 'electron energy
levels resuiting from the chelation causés a shift in the
wavelength of the absorption Bands and hence a change in
color. The -extent of the shift may depehd to some extent
on the_metallion involved. For this feason, metallo-
chromid indibatons function in this way aé acid-base

indicators, pH has a profound effect on fheir mode of .

actién and range of.applicatidn. Sharper- end points are
usually obtained when an extremely smailléoncentratlon of
a metallochrémlc indicator 1syemployed 1? a cémplexometrlc
tltratlon.‘ For thls reason the 1nd10atpr'1n elther its
metailized or its free fo;m need only be added in |
concehfration 6f410-6 ~ 10~ M, (14)to glve a' color change
“that is stlll clearly detectable. The 1ndlc?tors are

arranged pr1nc1pally ‘according to thelr structures.

_Naphthylazo compounds constitute a large ‘group, most of
“which have hydroxyl groups substituted adjacent to the

azo bond, while a few also depend on carboxyl or arsonic

1
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2.2 General Method for Prepafation of AZzo Dyes

The. azo dyes are a distinct andfqiearly defined
class,'chafacférized by the preéence<of oﬁé50r7more‘azq
(—N:N—) groups. It is strongly chromophilic and in
comb;nation with other groups, such as'ary} -OH and-—AsOBH2
furnishing feplaceable H is likely to give chélat#ngll
agenfsiof'yaiué‘in spectrophotometric analysis; Amongst
:analogously‘¢oqéfituted compounds with the~samg'nqmber

of azo groups, those containing napthalene nuclei have a

1

‘darker color than those containing benzene nuclei (15).°

The reaction of an aromatic amine'with nitrous
.acid to yield a diazo compound and the coupling cqmbination
of the diazo compound with a suitable component .to yield
aniaio derivative are two of the pldérfreactions in
organic chémistr&. The former, diéZotizgfion,\was

discovered by Griess in 1858, while the latter, coupling

reaction, was ‘discovered by‘Kékule and Hidegh .in 1870 (16).

2.2.1 . The Diazotization. . Sl :

There are many methods for the preparation of
diazo compounds. But the most important ane involvés
treating'a primary aryl amine with nitrbus acid in the

! e v

presence of a mineral acid to form a diazonium salt as

given in the equation:

ArNH, + 2 HX + NaNO, —— El\rN%'*-' X~ 4+ NaX + 8@ H,0

[

Sodium nitrite is employed in theoretical
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"

quaﬁtity, but the acid must be in' order to-prevent partial"
'diazotizatioh and the excess mlneral acid also stabilizes 9
the diazonium . salt by inhibition of decomposltlon due to 9.
‘other reactions, The molar proportlon oﬁ ac1d usuallyﬂ 4
necessary is 2.5-3 and hydrochloric acid is usually‘t ¢

: i
employed because it gives, in general the most solﬁble 9
salts with aromatlc am1ne. But at the same Sl hydro- 70
fchlorlc acid reacts with nitrite to give chlorlne gas, ?
.whlch of course, leads to side reactlons. For thls reason, 10
the dlazotlzatlon mixture should never contain-more than
' 20% of free hydrochloric dcid, Ef diazotization is to
proceed satisfactorily the amine must be in‘solution in
‘the. aqueous acid or the amine‘hydrochloride must be in a
very fine state of suSpeesion. The addition of sodium
nitrite is carried out at 0-5°¢ on accopnt of the
'1nstab111ty of dlazonlum salts, hlgher temperatures up to
or even more than 20°C are permlss1ble for some dlazonlum
salts, Completlon of d1azot1zat1on and of sl;ght excess
of- nltrous acid are tested forlby m01st potass1um 1od1de

starch paper, -

2 HNO, + 2 KI + 2 HC1 —> 2 KC1 # I, + 2 NO' + 2 H.0

The excess nitrous acid which.interferes-with
subseqaent‘reactions of the diazonium salt, can be destroyed
by the addition of small amount of urea, Urea will react
with nitrous- acid giving off nitrogen, carbon dioxide and
water, The ease of diazotization depends on ‘the bas1c1ty of

the. amine and difficulties in d1azotlzat10n can also arise
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because of the large molecular weight of the amine, sparing

solubility in aqueous acid, or oxidizability.

2.2.2 The Coupling Reaction

i

All coupling components used to prepare azo dyes
‘possess one common feature, i.e.,, an actiwve hydrogen‘

atom bound to a carbon atom, Compounds,of the following
types can be used as azo coupllng components compounds

»

“that. possess phenollc hydroxy groups such as phenols and
naphthols; aromatic amines, compounds that'possess'

enolizable ketone groups of an'aliphaticlcharacter;'aud

toy

heterocyclic compounds,

Analogous to aromatic halogenation, nitration, and

-sulfonétioh;ithe'azo coupling reaction is'an electrophilic

‘aromatic substitution. The effect on the reactiou rate of

subsﬁituenfs on both the' diazo and coupler components is
in agreement with this mechanism. Thus the reaction is.
facilitated by electron-attracting groups in the diazo

.component, and by electron-donating groupé in coupler

components.

|

The dlazonlum ion may be represehted by two
‘resonance structures (IA) and (IB), of which (IA) makes

the main contrlbutlon on account of 1ts stablllty, but it

‘may be the-unstable:structure'(IB) R - ‘

+ o ! v ol ’.+x‘ ?
AriNsN ‘———>  Ar-N=N-
(IA) gk (IB) |

N L
having a nitrogen atom with a sextet of electrons, which



Lk

' |
o

enables the atfachment to the anionoid cé?bon atom 'in - the
phenoxide ion to take place (17) with the formation of the

t !

azo linkage Ar-N=N-Ar'

'

The diazonium ion (I) reacts reversibly in water
to form the .aryldiazohydroxide (II), which exists in;
stereoisomeric forms and is a weak acid.‘ In strongly
alkaline solution the acid forms the ﬁiazotates {IIT A ;nd
ITT B), and ‘the equlibrium between the ion (I), which is
the "effective coupling agent, and the d1azohydrox1de (II)
w111 depend on the nature of the aryl group and the pH of

Athe medlum.

# ' OH- o SRR AL

[Ar—NEN] Ar-N= N-OH > Ar=N — Ar-N
, Lo , R
H .
. Nap-N N-ONa
i) . (I1) o AEELORY (III B)
Coupling positions ' The positipn‘of‘attachmént

.of an azo gréuﬁ to a carbon atom in a couﬁlipg reactipn isl
‘governed by a general rule, which‘follows'from thé mechanism
of the feaction. The diazonium group attacks a ﬁosition
which. has been activated as a site of high electron density.
Coﬁpling therefore takes ‘place in the o- or p- position to
‘the directiﬁg'ﬁydroxyl of amino group in £he second
component; if both these‘positions'are oécupied‘no couplingl
will take place, or one of the substit&epts will be
dlsplaced Coupllng never takes place in the m-position to
the directing group(18). A few well-known. coupling

components are shown in:. Pige«2sd tOgether w1th the favored

p051t10ns of coupling under. the condltlons normally used.
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|

Fig.Z.i: Few well-known coupling components,



2.3 Visible Spectrophotometry

t

-Methods_based on the absorption of radiation are
powerful and useful tools for the analytioaigchemist. In
the visible fegion, it becomes apparent fhat virtually
every e;ement and many ions and molecuies'are either
colored, can. react with a colored substance, or can react
to form a colored substance. Each of 'this situations
'presonts the possdbility of a'quantitativo_analytical
detérmination- Soectrophotometficimethooévare widely used
for the quantitativoodoterminafion of méqyotraoe substénces,
espeoially'inorganic elements, B
The basic principle of‘quaﬂtita&ivo absorption"
spectroscopy lies in comparing the Lict ené qf absorbtion of
a sample solution with that of a set of’standards ot a
selected Qavoleogth. With a épectrophotdﬂgtor; tﬁe
‘spectrum of:thevabsorbing substance is determined,,K and a
,suitable.wévelength is chosen., Genoraliy,la waQeléngth
olose to‘that of maximum absorption is chosen for maximum
.sensifivity; but the wavelength‘chosen,éhould also-fali in
a.region where the absorbance does not change rapidly with

chaﬁge in wavelength,

Some common and important factofs involved in the
. ‘ 5 I
formation of absorbing compounds are:
a) pH  Since pH plays' a veryfimportaht’role,in‘

complex fOrmafion3 proper adjustment ofng,or the use of' a

buffer often eliminates certain interfering reactions. ‘The

007804
| 472902180
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selectivity for certain metals 'is much irﬁpfroved in highly
‘acidic media.

1 ‘
. b) Reagent concentration The amount of reagent

required is dictated by the composition of the absorbing
complex formed. An optimum concentration of reagents
should be defermined, since either nof enough reégent or
too‘much reagent can cause deviation from Béer’s Léw.

c) Time Formation of the absorbing complex may
be slow, in some cases requiring several minutes or a few
“hours. for full color development after addition of the
reagents. Z /G o e

d) Order of mixing reagents Freéueﬁtly it is}

" important to add the reagents in’'a specified-sequence,

otherwise full color development will not Be possible or

interfering reactions may occur.

e) : Temperature The optimum temperature should

be established in the procedure. Certain reactions require
‘elevated temperature to decrease the time necessary for

~complete color development.

f) Stability If the absorbing complex formed
is not very stable, the absorbance measﬁrement should be

made as soon as possible., If the absorbing complex is
’ ) ' : fi e
photosensitive, precautions should be taken in order to

avoid its phbtbdecomposition, Certain reagents may

sometimes be added to help stabilize the absorbing:complﬁx.

t
§: i '

g) “Masking ° The term masking refers to the .
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addition of a complexing agent to form a metal complex of

such stability that, in this éase, color-forming reactions

with another reagent do not'occur:to'anyiappreciable extent. .

o

h). Organic soivent Many organic reagents or

complexes are only slightly soluble in ﬁéfér;:.In such
~case$,.it is necessary to add Q waterFmi;cible'orgaﬁic
solvent to avoid .precipit‘ation or to ai(livcolorl‘-;devtelvojp.ment.
In‘other q;ses;;solvent extraction might‘ﬁq employéd,‘for

example, to séparate the colored compound from excess

reagent or from interfering substances.

i) Salt concentration High concentrations of

‘electrolyte'may be form the ion-association complexes that
cause a shift in the maximum absorption,. This is a type

of masking effect and usually causes a decrease in' the

absorption,
{

The spectrophotometric method is parthularly
valuable for' studying compléxés of low stability., Cdnsider

the'formation of a complex MnLﬁ‘,‘wheré M'is.a;metai ion

l : i
-1 '

and L is é'ligand:

nM + pL == M.L

The molar ratio of the two compounds of a'complex is

important. In a quantitative determination, an excess of
’ =

ligand should be added in order to force the equilibrium

'

toward completion.
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Continuous-Variation Method (Job Method)

The method of continuous variations is one of the

f

most widely and.numerous techniqﬁes for idehtifyiﬁg
.complexes in solution by spectrophotometric measureménts,
‘first described by Job (19) and the 1atervexténded in

 app1icabi1ity to include successive compléx formation by

Vosburgh and Cooper (20), The molar ratios may also be

varied by changing.the concentrations of Bpth components
while the total number of moles of both components are
kept constant, The absorbance of each solution is measured

atﬂa suitable waveléngth and corrected 'for any absorbance

of the mixfure if no reaction has 6ccured; The corrected

absorbance is then plotted égainst the volume fraction'

0.4}

Correctéd .Absorbance

0.2 }+,

1 A ] '

04 06 08 10
' {

Figg 2.2 Continuous. variation plot for the complex MLz‘
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f

(which is equal to the mole fréction) of one of the
reactants (VM/VM+VL). A maximum (or 'a minimum if the complex

absorbs less than the reactants) occurs at a volume ratio

Vgt ¥ corresponding to the combining ratio of cation
‘and ligand in the complex. To determine whether more than

oné:complex forms between the reactants,, the method is

ordinarily repeated using diffgrent reactaht concentratidns'

‘and measurements at .several wavelength, . .

‘Mole-Ratio Method

Yoe and Jones (21) found that for a vgry stable
complex, the concentration of one compqnénf i§ keﬁt fixed
and that éf‘thé.other varied to gi&e a seriés of tﬁ]/[Mﬂ
{ratios. The ébsorbances of these solutions, measured at an
absorptiohumaximum for tbe complex‘MnLﬁ,‘increase linearly

'up to the molar ratio of the complex, at which virtually
the whole amount of both componeﬁts is.complexed (assuﬁing'
iittle dissociation). Further addition of component L
cannot increéée the absorbande, and the line begoﬁes.
horizontal, or shows a break if coﬁpbngnt L absorbs at the
‘same wavelengthu(Fig.z.B). In.rafe;caéeb; an excess

component L may cause a decrease in absorbance owing to the -

stepﬁise formation of highermofdef complexes that have
.smalierg & values at this wavelength., | - : ' '

Slope-Ratio Method
I

Slope-ratio method was propoéed by Aubrey E.Harvey,

Jr. and Delmer L.manning in 1950 (22). The method is

1
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(a) Component L does not absorb
at the waveréngth of maximum

absorption for the complex,

(b). Component L absorbs slightly .
‘atithe WaQQlength of maximum
absorptién  for the-cémpiex.‘
(¢c) An excess of component L
 causes a|debrease in.ahébrbance
6f'the;qomﬁiéx; |

o) E - 2 0 4

M;ole Lid_ond. /" Mole. Cation

1

Fig.2.3 Molar-ratio method, showing diffgrent curves,

Absorbance
0. [o:]

o
S

o
N

Fige2.4 ASlope—ratio

mi. of Varied Component

method for the oomplex'MLz.
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particularly useful .for weak;complexes;:it is applicable
only'to'systems.in which a single complex;is formed. The

. i
method assumes.that the complex forma%ion‘reaction:can be
- forced to completion in the presence of a large excess of
either reéctaht and that Beer’s Law is followed under these

circumstances.

For the reaction

nM + plL ML

n p

1

The following equation can be written, when L is present

in very large excess

M Lp] = o ' FM /.n‘

;.
If Beer’'s Law is obeyed

A
n

1l

.8 b [MX;LPJ'I@ I'ngM :/Vn,:'

and g plot of A with respect to F ‘will be, linear. When M

M
is very lérge with respect to L - .(1 : v
e " £ b = R
o L el : &b [Man] EvF. / p

The slope of the straight lines A/ P and.Ap/ F,are

obfaihed under these conditioné; the combining ratio

‘between L and M obtained from the ratio of the slopes

'

A.LF .S
n

M. ="M Ep/h

A -/ F S Evfa -~
p- : : ;

p/n
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