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Complex metal oyanides of atleast twenty eight

heavy metals (in between Ti (22) and U (92)) in their

various oxidation states are reported in the existing

literature (l). Majority of these compounds are hexa

oo-ordinated (octahedral), although quite a few exist

as tetra co-ordinated (e.g., copper, zinc, palladium,

nickel, mercury, platinum, gold etc.) oyanides (tetra-

hedral or square planar) or in the form of trieyano

(planar) or dicyano (linear) complexes. Others of

particular Interest are cyano complexes of Mo, Wand

Re of co-ordination number eight (dodeeahedral) with

tendency to expand their co-ordinating sphere to ten

and a series of *mixed cyanide complexes*, accomodating

NO, OH, HgO, CO, NH3 etc. in the co-ordinating sphere,

e.g., Fe(CH)g »0~"\ KRe(CR)a(C0)4, W(CN)7(H30) ,
Cr04(CH)a(RH3f\ |

Comprehensive Investigations on the chemistry

of metal cyanides have more or less remained limited to

those of iron. Valuable information on the synthetic,

thermodynamic, electrochemical, analytical and kinetic

aspects is available on the basis of these investigations

Similar approaches are being made towards the study of

octaeyano complexes in recent years.

Before Introducing the problem it would be

worthwhile to give a brief review of the work done on

the complex cyanides of iron.
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Information on this aspect deals with the

preparation of simple and mixed metal cyanides,

salts of metal cyanides with organic bases and the

characterisation of these compounds. Baglnlng with

the preparation of Iron blues. The synthetic aspects

covered the preperation of such difficult compounds

as the salts of hydroferrocyanic aoid with a large

number of organic bases, e.g., aniline, o-toluidine,

dimethylaniline, pyridine, benzidine, isoquinoline

etc. and basic dyestuffs, e.g. Bismark brown, auramine,

malachite green, methyl violet, acriflavine ete.(2)|

mixed complex cyanidea (3-10) of Fe(II)i Fe(CK)6(H20)3"
Fe(CH)5 (H0)S-, Fe(CH)5(Ho2)4', Fe^UaGg)4-.
re(CH)5(303) , Fe(C!f)6(C0)3*, Fe(CK)5(RSo4),
Fe(CH)6(NH3)3-f Fe(CH)2(CH3Ha)4, Fe(CH)2(Phen)2,
Fa(CH)2(dipy);, Fe(CK)4(Phen)^, Fo(CH)4(dipy)2- and
Fe(CN)g(COg)(Py) andFe(in)t Fe(CH)5 H203", Fe(CH)6

(MH3)a", Fe(CH)5(R0g)3- and Fe(CH)5(N0)3".
Studies on the structure of these complexes

date back to 1930 have been investigated. The

constitution of Prussion and Tumbulls blues was

studied by keggin and Mites (11) with the help of

x-rays (more refined and accurate x-ray diffraction

now makes it possible to make a distinction between

the C and R attached to metal ion). These studies were

extended by Weiser, Milligan and Bates (12) and later
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by Reganontic (13) to give useful information about

the structure and chemical constants of a number

of metal ferrooyanides. Investigations of the

later author showed the existence of complex anions

of the type MFe(CS)J" with interstitial structures

In thin films of copper ferrocyanlde*

The techniques of absorption (visible, infra

red and ultraviolet regions) spectra and magnetic

susceptibility when applied to the dispersed pre

cipitate of Iron blues lent support to the theory

of super complex formation and formulae! Fe Fe(FeCK-)

and Fe ?e(FeCNQ)3 were assigned to Prussian and

Turnbull blues respectively*

Recently magnetic (14), cryscopic (15) and
Studies

Vpolorographic (l6-l7)/to investigate the structure

of mixed complexes of Fe(II) and Fe(III)i>k>a- c^IouaoL
fioUvJLIftl •ProgaxtJ.fts.t

Investigations on this property can be

divided under fewo sub-headst one dealing with the

properties of metal ferrocyanlde colloids, the other

dealing with the composition and stability of

colloidal precipitates of some less familiar metal

cyanogen complexes.

Viscosity data of Ghosh and Dhar (18), Malik

and Bhattacharya (19) offered strong evidence for

the adsorption of the reacting ions, Fe3% FeCHg4".
FeCKg on Prussian and Turnbull s blues* The
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latter authors also studied the composition, adsorptlve,

hydrolytic and colloidal properties of sine, manganese,

nickel and cobalt ferrocyanides. Other colloidal

aspects studied were changes in conductivity, pH,

seta potential (20-21) of copper ferrocyanlde, permea-

bllity(22-24) of metal ferrocyanlde (cobalt, nickel,

silver, chromium etc.) membranes and their sol-gel

transformation. Malik (25) for the first time reported

the existence of a number of soluble complexes of

Cr(lll) | Be (II) * MoUll and VI). TiUlI and IV)

etc. and studied their composition and stability by

the spectrophotcmetrlc method (26-27). The flr (III)

and Cr(Il) complexes were isolated and composition

confirmed by chemical analysis,

ffl^fttroaetrlc and analytical StttfllflMl

With the more frequent use of physico-chemical

methods, especially the electrometric ones, precise

information not only about the composition of these

complexes but *bout the use of hexaoyanoferrate

(II and IH) as analytical reagent^. In this connection

worth mentioning is the contributions of Kolthoff

(28-29) who for the first time successfully employed

conductometric and potentiometrlc methods in studying

the metal cyanide reactions and, at the same time,

demonstrated the importance of potassium ferrocyanlde

as a reagent for the estimation of metal ions,

specially sine (the use of conductivity titrations



in precipitation analysis was employed)* Kolthoff*s

work was followed by extensive investigations on

the use of potassium ferro and ferricyan!dee in

quantitative analysis by other workers and a number

of papers on this aspect of the problem appeared

from 1922 to 1929* These include the eleotrometrle

titrations of ferricyanide with titanous sulphate

(30-31), Vanadate hydrosul] hits (32) and eerie ions

(33). The effect of alkali on the titrations of

certain metal ions (Cd**, Fe**, Pb** a«\ Mc** «tc.)
with ferrocyanlde (34)tocx/> cJUl&caji$>S«x»

Extensive use of eleotrometrle technique

was made from 1940 onwards to study the compositions

of the metal ferrocyanogen complexes. The complexes

studied were cadmium ferrocyanlde copper ferro and

ferricyanides, Prussian and Turnbull blues, sine

ferricyanlde, Prussian green, mercuric and uranyl

ferrocyanides, nickel ferrlcyanldes (35-37).

The studies on metal ferrocyanogen complexes

during this period was not limited to the use of

eonductometrlc and potentlometric methods alone. The

comparatively new technique of amperometry was also

employed for the elucidation of the composition of

these complexes. Kolthoff (38) for the first time

used amperometric titrations to show that the end

point in the ferrocyanlde titration of lead correspon

ded to the precipitation of FbgFeCHg. Later on
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Ghounyk and Kleibs (39) Zuman (40) Khosla and

Oaur (41) Amore (42) used amperometric titrations

In studying copper ferrocyanlde, ferric-ferro cyanides

of manganese, cadmium and silver* Zolotavin and

Kuznetova (43) carried out polarographle titrations

with vanadyl sulphate*

Of the other recent techniques employed,

besides amperoraetry and polaregraphy are the oolou-

metrio titrations and ion exchange methods. Hartley

and Llngane (44) had described a method for the

eoloumetric titrations of Tl* in strongly alkaline
3-solution by means of Fe(CH)6 generated by anodic

4-
oxidation of Fe(CK)s at platinum anode* The accuracy

of the method was found to be within 0.2 per cent.

In connection with the attempts to use

hexaoyanoferrate (II) as the analytical reagent

it is worthwhile to mention the work of Deshmukh

and Fujita. Deshmukh (46) carried out determination

of ferrocynide with lead nitrate and also the

volumetric determination of cadmium and cerium by

potassium ferrocyanlde. Cadmium and cerium were

estimated by titrating excess of potassium ferro

cyanlde after the complete precipitation of the

respective metal ferrocyanides, while in case of

lead a saturated solution of diphenyl oabasone was

used as an Indicator. Fujlta <47) estimated lead,

silver manganese, nickel cobalt, cadmium and mercury
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volumetrlcally. He used starch-iodine (silver,

manganese, nickel, cobalt), phenol red (lead)

potassium ehromate (mercury and cadmium) as Internal

indicators for the titrations of metal Ions.

More recent studies of Boyland and Mery (48)

reveal the possibility of using hexaoyanoferrate

(III) as a colorimetric reagent for the estimation

of arylhydroxylamines and nitrones or its use as an

oxidising agent for reducing sugars (49). Dolezal

and zyka (SO) studied analytical use of hexaoyano

ferrate (III) in the determinations of qulnones in

presence of sine salts as reaction accelerators.

Thermodynamical measurements, which would

include measurement of formation constants, enthalpies

and entropies of formation in solutions, have been very

little studied so far* Even for most stable complexes,
4— *a_

••B.f Fe(CR)g and Fe(CR)^ no stepwise formation
constant has been successfully reported*

Hepler, Sweet (51) and Jesser had reported

heat of solution in water of K3?e(CH)6, K4Fe(CN)9 and

the heat of oxidation of Fe(CR)9 by liquid Bra.

Stephenson and Morrow (82) had measured tha

heat capacities of potassium ferrieyanide and

potassium cobalticyanide. These studies revealed a

gradual transition, magnetic in nature, occurlng at

131°K in the paramagnetic potassium ferrieyanide*



Other investigations, worth mentioning,

on thermodynamic properties are those of Asperger

(53) EmsehwUler (54) on the hydrolytic decomposition
of hexaoyanoferrate (II). More recent work in this

direction is due to Breck (55) and Vernon (56) who

Investigated entropy differences between correspond

ing ferrate (III) and force constants and vibrations

of, in relation to leostructural hexaoyanoferrate

(III).

mmlmUi ttttUettt

Recent reviews (67,58) provided useful data

on this aspects. These studies can be divided

under the following sub-headsi

(a) Ligand Exchange

(b) Radio active metal exchange

(o) Redox Reaction
#

(d) Hydrolytic decomposition with dilute acids
ultraviolet light and heavy metals.

(a) Llg«nd, fr.cngnnf

A great deal of work has already been done

on the kinetles of radio cyanide exchange with the

better known complex cyanides* It is unfortunate

that almost always the exchange has been either

immeasurably fast or slow, tittle can be done with

those reactions which are inconveniently slow but

techniques could probably be developed for studying
the vwj fast reactions. At present one can have

no idea wether these immeasurably fast exchanges are
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really very fast or wether they are separation

induoed exchanges*

Another type of reaction which might be

usefully investigated is the chemical exchange of

ligands (this overlaps with the thermodynamic study

of mixed complexes to some extent). Little kinetic

work has been reported on this sabject. Most of

the work worth notable has been done on the exchange

of the type (59,60) Fe(phen)|* ♦ CH and Fe(CK)*% ROj,
^•rr recently the use of hexaoyanoferrate (III)

has been reported for oxidation of sugars (D-glueose,

D-galactose and D-fructose) by Rath, Singh (81)

and Kasper (62). The former workers reported that

the reaction rate of oxidation is independent of
3-

Fe(CH)g concentration, and directly proportional
to OH* concentration and concentration of reducing
sugars* The short induction period is due to

dissolved oxygen in the reaction mixture which is

considerably reduced by deaerating the solution

with nitrogen. An enediol as the Intermediate

product is postulated* The reaction rates in

decreasing order are D-fructoae"> D-glueose \ D-

galactose.

Kasper (62) investigated that the decrease

in K3Fe(CB)<| concentration corresponded to first

order reaction, activation constant H « 1.41x10l3

activation energy a « 22.2 K.Cal/mole. The change in

sodium hydroxide concent ration also followed first



-10-

order kinetics A« 21.625 K.cal/mole H a 7.961x1013#
The decrease of the D-glucose concentration followed

second order kinetics A • 18.311 K.Cal/mole H«

3.352x10 . The extensive studies on the oxidation

of sulphite by means of hexacyanoferrate (III) have

been carried out by Veprekaiska and tfagnerova (63).

The oxidation of sulphite is a complex reaction

in which sulphate is formed as the only product

according to the over all schemes

8 Fe(CH)6 ♦ so*** * HgO m
2 Fe(CH)J- ♦ a04" ♦ 2H*.
The reaction is second order and the reaction

rate is given by:
2-

The rate constant decreased with decreasing pH

of the solution and at pH about 3.8 the reaction

practically does not take place* At a pH of 8.94

the temperature dependence of the rate constant

Is expressed by the equation K* 1.41xlD~8 exp.
(-14000/RT) mole/sec.

(b) Radio active «xehani;fli

Radio active exchange of stable iron cyanogen

complexes has been extensively studied by Staranks

(64) and Lewis (65). The following exchange reactions
have been studied*

Fe(CR)6 - Fe(aq) Ro measurable exchange
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* -Fe(CH)J~ - CR

Fe(CH)6 - Fa(aq) * Ro exchange In six days
3— * —

Fe(CK)6 .CM Ro measurable exchange

Rone at pH 10.3, t1/2«c
35 h. at pH 3.5 U2

^(aOgOLjO)3-- |r t^g^S h at pH 10.0
Fe(CH)a(N0)S- .&,- tl/3^5 days at pH 10.3
Fe(CH)6 - Fe(oxalate) J" Ro exchange in 10

minutes at pH l.a

Fe(CH)4f- Fe(CH)2" Kg • 3.5xloVXsee-X
at 4°C

Korshunov and Lebedeva (68) investigated
isotops exchange of iron in prussion blue. Adamson
(67) established a general correlation between the
rate of exchange of di and trlvalent ions and their
manganetie moments In the oxidation reduction reactions
of hexaoyanoferrate (II) ions in solutions.
Co) Redo* rtsctinn*

This field of research has a wide scope and
overlaps section («) and (b) in its wider interpreta
tion. The following main redox reactions of iron
cyanogen complexes were reported by Oordon (68),
Czapski (69) and Sutin (70) arei

*mt ♦ xna|- K8.l.2xl0VWl(ln ^Q)
***** *l<~ M?a1iS4TVWl(ln •••
FeCCH)^ ♦ Fe(phen)f % *V*M«»*
Fe(CK)*~ +OS(dlpy)^ Kg loV1.**-1
Fe(CH)6 ♦ ferrohaemoglobin Kg. x!04M"Isec*1
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More recently the redox reaction of Fe(CH)|%
I", Fe(CH)J* e Ig has also been studied by Indelll
(71) and the oxidation reduction potential (B)

of the H3Fe(CH)6 mmmmae H4Fe(CH)6 system was

studied by Mohar and Papp (7a). They reported the

B°C of the system as « 70.0x1oge e 692 mv., where

e is the concentration expressed In moles/litre.

The value of b£ was found to increase with Increasing
acidity according to B° =-94.5 pH ♦ 691 mv. The

temperature dependence of B° is dE « 1.0 mv./°C.
dt

(d) irtatetu immmtMw

The cyanogen cost 1exes undergo hydrolytic

decomposition* The problem regarding the possibility

of the decomposition of cyanides by heavy metal

ions was for the first time, explored by Pinter (73)

who observed that Hg** ions in slightly acid

solution catalyse the formation of colloidal prussion

blue from alkali ferrocyanlde according to the

following summarising equation*

8 Fe(CK)J" ♦ 28H~ ♦ 4K" *• Og a
4K Fe Fe(CR)6 ♦ 24 HCR ♦ 2Hg0

The studies on this intersting observation

were extended after a period of ten years by

Bmschwiller (74) who initially carried out the

studies on the dissociation of the ferrocyanlde

ions in aqueous solution by hydrogen ions. He

observed that the rate of decomposition of Fe(CR)J"
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wae of first order in lower concentration of

hydrogen iona but was of zero order in the concen

tration of H" at high acidities* Further the HCR

formed during the dissociation retarded the decom

position especially at lower acidities* For 0*01M

K4Fe(CR)6 and 2 to 5 R H* the reaction appeared
homogeneous and could be followed by determining

'•*" or by using the violet colouration given by
nltrosobenzene with (Fe(CH)6H80) for eolorlmetric

estimation. The latter method gave enough evidence

for stepwise dissociation first to (Fe(CR)5Ha0)3"
(Kx) and then Fe*+ ( rate constant about fifteen

times KjK This stepwise dissociation was also

found to fit in the experimental results at 50°C

for hetrogeneous decomposition to KgFa Fe(CH)6 .
The following meehenlsm for the reaction was put

forwardedi

Fe(CR) J~ ♦ HgO ^ Fe(CH)5H80 ♦ CH"
(slow reaction)

followed by the capture of CR~ by H*.

Further extention on this espeot was

started with the effect of mercuric ions on the

aqueous solution of potassium ferrocyanlde by other

workers, notably Asperger (75) who studied the

kinetics of the reaction of potassium ferrocyanlde

and nltrosobenzene with special reference to the

oatalytic action of mercuric ions and ultraviolet
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light. He observed that the equilibrium of the

reaction Fe(CR) J" ♦ HgO sjsjfe (Fe^R)^))3"** CR~
in the dark although shifts completely towards

the left. The interaction between (Fe (CR)6fl20)3"
and Cir can be prevented by means of the relatively

3-Tast Irreversible process (Fe(CH)gHgO) +C5H5RO —
(Fe(CH)5CeH5R0)3"* HgO thereby providing a means
for determining the velocity which was found to

depend on the concentration (5xlO-XM to 5x10"^) of
potassium ferrocyanlde and also on the concentration

of nltrosobenzene (but only upto a concentration
—2

1.4x10 M). Addition of small amounts of mercuric

chloride (order 1D"5M) had the same influence as
the ultraviolet light and the violet nltrosobenzene

complex obtained was found to have the same absorption

spectra in both cases. The velocity of the reaction

of potassium ferrocyanlde and nltrosobenzene in the

presence of Hg** ions depended on the pH, being
maximum at pH 3.5. On carrying out absorption

experiments at this pH with different concentration

of mercuric Ions, he found that the catalytic action
•f+

of Hg ions was so large that it could be detected

even at the concentration of 10~7M*

He put forwarded-the view that the reaction

is strictly specific for Hg**" and a method can be

employed for the determination of Hg"M* ions in

distilled water, other metal cations not interfering

In the estimation. Based on this catalytic reaction
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he could also evolve a method for the ditermination

of mercury vapours in atmosphere (78). The plot

of log 635 against log(CHg^) gave a straight line
upto concentration of 5xl0"8 mole per litre of Hg**,
for higher concentration a linear relationship was

not found to hold good.

More extensive and elaborated studies on the

decomposition of potassium ferrocyanlde by Hg**

ions was than taken up and he critically studied

the influence of different mercurous and mercuric

compounds including those with organic anions (0-

and m-hydroxybenzoate, methylmercuric Iodide,

diphenyl mercury etc.). All other compounds showed

catalytic activity besides diphenyl mercury where a

catalytic action was not observed even at a concentra

tion of 2tU>"Su

Metal cyanides in, hi^ogflenl gfjfjmmjl

Various porphyrin type iron complexes contain

cyanide groups as a part of the co-ordination sphere.

One form of vitamin Bjg contains a cyanide group

in the sixth co-ordination position of Co(III)

though it is vry liable to replacement by other

groups* Dicyanide complexes of certain transitional

metal phthalocyanines are also Known.

Poisoning by cyanide has been attributed to

inhibition of a number of enzymes including the

cytochrome oxidase system for oxygen stabilization

in cells (77), in general, complex cyanides do not
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•ppear to have markedly poisonous properties unless

one or more cyanide groups are easily removable

from the co-ordination sphere. If however, it may

be possible to prepare some derivatives of cyanogen

complexes by replacing the easily removable cyanide

groups by amino acids, then the mixed complexes

may be of great biological importance.

The proceeding pag«*s from the review of the

literature, reveal the fact that investigations

on cyanogen complexes have covered a wide and

varigated field of study, ranging from the older

concepts based on chemical analysis and physleo

chemical properties of the precipitates to the more

recent ones, evolved on the basis of studies as the

application of the modern electrochemical techniques

(polurography, amperometry, ooulometry exchange

reactions etc.), the importance of the metal

ferrocyanlde reactions in analytical work and on

the catalytic decomposition of iron cyanides by

theoritioal importance have been achieved by these

studies. Many of these complexes still find use

in the pigment industry (78), the facts remains

that many Interesting aspects of the problem have

remained unexplored to these days. Many mixed

complex cyanides with organic compounds existing in

varying composition have not been studied so far

on dropping mercury electrode. The concept of redox
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potentlal influencing the nature and composition of

these compounds although put forward in early thirties,

has not been fully worked out. Also, very little

appears to have been done to study the kinetics,

thermodynamics of the, photochemical redox and

coloured reactions of metal cyanogen complexes with

organic compounds employing various physico-chemical

techniques. The work described in this thesis

deals with such problems and includes the following

studies.

(1) B° of the Fe(CR)8Ha03" sejsjfc ?•(.(%) faQ*" ♦ e
couple and the potentlometric estimation of potassium

aquapentacyanoferrate (II).

(2) Polarograrhic studies on the kinetics of

hydrolytic decomposition of potassium hexacyanoferrate

(II). The anodic waves of hexacyanoferrate (II) and

aquapentacyanoferrate (II).

(3) Speotrophotometrio studies on the composition

stability and kinetics of interaction of 8-hydroxy-

qulnoline 5-sulphonlc acid with potassium hexacyano

ferrate (II).

(4) Palorographic studies on the reduction of

the 8-hydroxyquinoline 5-sulphonate pentacyano-

ferrate (II) complex.

(6) Spectrophotometrlo and pH metric studies

on the composition stability and kinetics of inter

action of hexacyanoferrate (III) with nltrosobenzene*

(6) Reduction of nltrosobenzene pentacyanoferrate^
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Y (II) complex at d.ra.e.

(7) Amperometric titrations of (a) hexaoyanoferrate

(III) with 30 (II) in ammonium citrate and glycine

as complexlng media. The reduction of resulting

complexes at d.ra.e. (b) hexacyanoferrate (III) with

vltamine Bx in alikaline medium.

(8) Spectrophotometrie studies on the composition

and stability of the product obtained by the interaction

of pyridine with hexacyanoferrate (II).

(9) Reduction of bipyridine tetra-cyanoferrate (II)

complex at d.m.e.
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uiie studies on the hydrolytic£&i*ii£

(Fart I)
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r° of <f<Prr Hn0)m , (FeIIIcyaao0) ♦ a
COMPle. and the PvtenUo-notrlc estimation of Mtagfimsj
aaUapentacyanoferrata Qg^j

Several references (fc.ll) on the 1° of the

ferro-ferricyanide couple based on reactions with

different oxldlsable and reducible substances and

simple Ions are available In the existing literature.

This couple in view of its high oxidation potential

has successfully been employed in studying the

oxidation of large number of organic compounds like

sugars (12-14) vitamins (16) and modified proteins

(16) etc.

Another oxidation couple falling under the

category of ferrooyanogen couple is the (F^CygflgO)™
/!• XXX •»•»

•sj 11 ml <r« (Cy)5H20> ♦ e which has not so far been

Investigated from the theoritioal or applied stand

point. It was therefore, considered worthwhile,

to carry out investigations on its eleotrometrle

behaviour. In this part of the Chapter the following

two aspects have been described*

(1) Estimation of potassium aquapentacyanoferrate

(II) by oxidants-potasslum permangnate, eerie sulphate
and potassium dichrornate.

(2) Determination of the standard electrode

potential for the (FeXX(Cy5)aa0)"^-^r {*mlllGr#tf>7+
couple by potential mediator and Folthoff»s method.
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M UUmJUUULLsVJ,

Potassium aquapentacyanoferrate (II) (was

prepared vide Chapter I, Part I, page ) and Its

solution was prepared by dissolving weighed quantity

(assuming the formula K^eCygHgO) in double distilled

water. The aquapentacyanoferrate (III) was prepared

by the oxidation of aquapentacyanoferrate (II) (17)

and its solution was prepared by dissolving weighed

quantity in double distilled water and strength was

determined lodometrlcally* Potassium diehromate

(A.R.) Potassium permanganate (a.H.) oerle sulphate

(pure anhydrous) were used to prepare the respective

solutions* Strengths were determined by ususl methods.

APPars,tuff,*

Pye portable potentiometer (type CAT No,7539 p)

with lamp and scale arrangement was used for poten

tlometric measurements* The titration cell consisted

of bright platinum and saturated calomel electrodes.

Estimation of aquapentacyanoferrate (II)

was carried out using eerie sulphate, potassium per

manganate and potassium diehromate as oxidants. Both

direct (potassium aquapentacyanoferrate (ID) in the

cell)and reverse (the oxidant in the cell) were

carried out* Experiments were performed with the

following concentration of reactantst

(l) 0*5M, 0.0166M, 0.0158M, potassium aquapentacy

anoferrate (II) against 0.036M, 0.0847M, 0.00787M



•m&Sjee

eerie sulphate in direct titrations 0.0806M, 0.04M,

0.00849M and 0.05M potassium aquapentacyanoferrate (II)

against O.lM, 0.087M, 0.00787M and 0.00367M eerie

sulphate respectively in reverse titrations (Fig. 1,2).

(2) 0.04M, 0.0166M, 0.0155M, 0.00849M potassium

aquapentacyanoferrate (II) against 0.05R, 0.1H, 0.0835K

and 0.0099K potassium permanganate respectively in

direct titrations (Fig.3).

(3) 0.04M, 0.0166M and 0.008M potassium aquapen

tacyanoferrate (II) against 0.05R potassium diehromate

In direct titrations, 0.04M, 0.0806M potassium

aquapentacyanoferrate (II) against 0.1R, 0.05H potassiui

dictnmate in reverse titrations (Fig.4).

Initial volume in the cell in each case was

10 ml containing 4R sulphuric acid.

Some of the results are tabulated belowi

smli imal

Pptentlometric titration of 0.05M Potassium naaapent—
~lfj•yangfftrrntlfl

Volume of J'pot". Ys JVolume of iPot. Vs
°II ^P^cJ8-0'8* volticerio sulphate Xs.C.S. volt
AaaJUi J Iadded \

0*0 0.280 6.5 0.513

1.0 0.368 8.7 0.550
1.5 0.380 6.8 0.885
2.0 0.390 8.9 0.981
3.0 0.409 7.0 1.008
4.0 0.428 8.0 1.080
6.0 0.444
«.0 0.473

Flg.l curve 1

t<rr\ 5*2 5 °t S'S^P0^381"0 •cwentmoyon oferrata(II) 6.8 ml of 0.036M of eerie sulphate.
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JUtStvamESMAm

8jjHttPmtttlJ^tgse» tf.M "ft 9f 0>I^H - .
ftqtt«p,f?ntacy,fin9fgrrntg till tin ctll), M.aln*t .O.QWH
Qgrio, Magmi mm vftlvtM ift.Q. at In 4B mtlPhurtc

Volume of "Tpot." Vs
eerie sulphatelS.C.S. v
iflflofl (in m? |

I Volume of iFot. Vs
oltlcerlc sulphatelS.C.S.

0.0 0.381 0.96 0*970

0.1 0*391 1.0 1*085

0.3 0.415 1.11 1.180

0.5 0*433 1.31 1.138

0.8 0*475 1.50 1.15

0.9 0*508

Fig.i curve II

5 ml of 0.01666M aquapentacyanoferrate (II)

0.96 ml of 0.0847 M eerie sulphate.
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Immtf ••si

Xittjsu * U in .BU Is.c.r.
0.0 0.437 io.o

1.0 0.442 jo.x

s*0 0.465 10.1

4*0 0.462 10,3

3-0 0.491 10.5

0.740

0.856

0.856

0.980

1.044

8-° °'497 ".0 !.O90
9*0 0.515

Pig.l curve HI

5o?oS o°? si^tt<*!^«™' m
the results of reverse titration (eerie sulphate

in cell) against aquapentacyanoferrate (II) are shown
in (Fig.a) .

Potentlometric titration results for potassium
Permangnate atainst potassium hexacyanoferrate (II)
<in cell) and for potassium diehromate direct titration.
are shown in Fig.3 and Fig.4 respectively. 00od
results could not be obtained in reverse titrations.
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TAHLfi R9lL4

j<;llj. Variation at the inflexion Mjg fjg
•»rrr^ wtt. sjrrrrnTWTgTT!x rr:

Cedent {Concentration IConcentration Xobserved Ilof KgFeCygHgO fof K/eCy^Q {potential f
v J Iat equlval-i

ImtmmJsmttUL

Remarks

Ce(lv)

0.0367M
0.0847M
0.00787M

*mv*

0.100M
0.0367M
0.0847M
0.00787M

0.050R
0.10R
0.00835R
0.0099R

>f\¥ nsollil

0.08K

levers
writ

0.05R
0.01R
0.01R

0.050M
0*0166M
0*0158M

0.0806M
0.050M
0.040M
0.00849M

0.040M
0.0166M
0.0155M
0.00849M

0.04M
0.0186M
0.008M

0.04M
0.0806M
0.05M

0.050M
0.0166M
0.0159M

0.0605M
0.050M
0.040M
0.00846M

0.040M
0.0168M
0.0156M
0.00848M

0.042M

0.0160M
0.00788M

0.0367M
0.077M
0.046M

-0.8850V.
-0.870V.
-0.8564V.

-0.725V.
-0,700V.
-0.865V.
-0,845V.

-0.858V.
-0.739V.
-0.853V.
-0.980V.

-0.750V.
-0.735V.
-0.731V.

-0.750V.
-0.725V.
-0.605V

Theoretical
potential
(-1.203V.)
not realised, one
point was locatet
easily.

Theoretical
potential
(-1.203 V.) not
realised.

Theoretical
potential
(-1.158V.)
not realised
end point wss
located easily.

Theoritical
potential
(-1.191 V.)
not realised
results are not
accurate.

Theoritical
potential
(-1.191V.) not
realised results
are unsatis
factory.
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* The following values of oxidation potentials of

the oxidants were taken in to consideration while

making calculations, diehromate-1.33V., oerle-1.6iV.

permanganate 1.5V. and for aquaPentacyanide-0.808 in

4R H3S04.
b%l* *^>2

E« m ' ,t where Se is the potential
a*b

at equivalenee point E^ and K^ are the standard
potentials of two couples involved in the system and

i

a b are the number of electrons used in respective
systems.

For B by the potential mediator method determining
potassium aquapentacyanoferrate (II) (10 «l.t 0.0128M)
was taken in the cell and the potential at the bright

Platinum electrode on adding gradually increasing amount
of eerie sulphate (O.00171M), sufficient time being
allowed to elapse after each addition for the attainment

of steady potential, was measured. The titrations were

carried out till the end point was reached as indicated

by sudden change in potential. Experiments were

performed employing different concentrations of sulphuric
acid (range 0.5-7.0R). The value of E° was calculated
by the relation I «B° - Jg« log |^ ^ere Elt

the electrode potential, tc, the amount of tit rant added

»t any particular stage during titration. The mean

values of B° as determined graphically (Flg.Ro.7) by
plotting log (g>» grs^0)" maXwt A%QtroA9

(Fe^cygHgO)™

potential in presence of sulphuric add of concentrations
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J

pH \ 1.3 j 1.85 fe.25 ^4.0 ~0 ^5.8 8.4 9.15*" 10.7 * 11.45

Ex In volts 40.15 40.165 40.189 40.325^0.29 40.271 40.271 40.12 +0.10
Vl 3.C.B.
Hexaey«noferr ate
(II)

Hydrolytic de«* .0.10 «0.10 40.17 +0.15 40.15 40.16 40.20 40.12 40.12
composition pro
duct.

Aquapentacyano-40.11 0.11 0*160 0.15 0.15 1.16 0.16 0.115 0.12
ferrate (II)
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0,•5, 1.0, 2.0, 3*0, 4*0, 5*0, 6*0 and 7.0N were

respectively 0.676, 0.749, 0.762, 0*806, 0.845, 0*866,

0,.808 and 0.813 volt. Results arti tabulated below:

TABLE Mo.g

i
t

Mk

Values at various concentrations of H9soA (poten-
j «ea :i'».!ii!l.«.wroeaj vmiuiJLmnjfr ■;>£♦; t\*tliL±f\±te«miv. amsmmj

s^JtelfiiioQ-AOjLu cell « 10.0 ml t o.rn28M

?s?e»?m 0.2,197.
fitflGWIi W»t f°E

done.
Hg»4

ofIVolume ofgPereentagi
ICe(S04)9 fof
X 4 8 I(FeCygHoO)

i XPot. lEleet.
—XVs S.C.E.lPot. |(FeCy5H20) "lOalc.

O.SR 0.0 0.0 0.354 0.696 —

1.0 38.71 0.367 0.607 -0.2553 0.622
8.0 71.48 0.436 0.677 0.3988 0*654
2.8 89.97 0.495 0.733 0.9901 0.678
9.6 92.841 0.532 0.772 1.139 0.706
8.7 96.412 0.667 0.807 1.4399 0.723
S.8 100.00 0.882 0.922

- •

l.OR 0.0 0.0 0.393 0.633 — em

1.0 35.71 0.420 0.660 -0.3553 0.675
9.0 71.42 0.495 0.735 0.3988 0.711
9.5 89.27 0.565 0*805 0.9201 0.750
9.8 92.841 0.580 0*890 1.129 0.754
9.7 96.412 0.695 0*865 1.4393 0.780
9.8 100.00 0.900 1.134

•
—

2.0R 0.0 0.0« 0.409 0.649 _

1.0 35.71 0.439 0.679 -0.3553 0.684
9.0 71.42 0.520 0.760 0.3988 0.736
3.5 89.79 0.585 0.838 0.9901 0.770
2.6 92.841 0.605 0.845 1.129 0.779
9.7 96.419 0.660 0.900 1.4392 0.780
2.8 100.00 0.916 1.155 *

—

3.0R 0.0 0.0 0.446 0*686 *» -

1.0 35.71 0.481 0.791 -0.2553 0.706

9.0 71.42 0.550 0.790 0.3988 0.766

3.5 89.79 0.630 0.870 0.9201 0.805

9.6 99.841 0.660 0.900 1.129 0.634

2.7 96.412 0.700 0.940 1*4309 0.855

2,8 100.00 0.935 1.178 —
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o
She value of g In neutral medium was

also determined employing Kolthoff*s method (18)

with only modification that measurements were

Carried out against a saturated calomel electrode

Instead of normal hydrogen or quln-hydron electrode.

Since aquapentacyanoferrate (II) and aquapentacya

noferrate (III) behave like strong electrolytes,

the oxidation potential should be greatly affected

by a change of the ionic strengths of the solution.

The purpose of study was to determine the potential

of the aquapentacyanoferrate (II) and aquapentacya

noferrate (III) system at varying ionic strengths

and to extrapolate the value to an ionic strength

of zero| in other words to determine the normal

potential of the system. In addition, the potential

of a vry dilute equapentaeyanoferrata (II) and

ferrate (III) was determined in presence of neutral

salts at varying ionic strengths, in order to test

the Dehye-Huekel equation.

At extremely small ionic strength, the

relation between the activity coefficient of an

anion and the ionic strength of the solution is given

by the expression.

- log f a AZ8 (1)
where A is a constant for the solvent at the

specific temperature and has a value of 0.514 for

water at 30 C, and the ionic strength. The oxida-



—30—

tlon potential B of the system aquapentacyanoferrate

(II) ferrate (III) at 30°C is then given by
a 3—

B mBo ♦ 0.08 log BBBBsJL (3)
^ccy^o3"

.BO^.80iog ; saaaa *" ^ <«
0 (FeCygHgO)^ f*

the normal potential 8 denotes the potential

referred the normal hydrogen electrode in a system

in which the activity of aquapentacyanoferrate (III)
a/ *•(FeCygHoO) la equal to that of aquapentacyano

ferrate (II) '(FeCygfioO)3* C^cy^o)3" and
C 3—

(FeCygHgO) represents the corresponding concentra

tions, where as tp and f3 represent the aetivlty

coefficients of the aquapentacyanoferrate (III) and

aquapentacyanoferrate (II) ions. If the limiting

Debye-Huokel expression (equation l) holds at

extremely small ionic strengths and the system contains

equimolecular amounts of potassium aquapentacyano

ferrate (III) and potassium aquapentacyanoferrate (II),

it is found from equation 1 and 3 that

B » B0 ♦ 0.60 log f2/f3

m B0 + 0.06 x 3.5

Therefore, if the limiting Debye-Huekel expression

holds, the measured potential B should be changed

by 0*31 volt, for one unit change in the square root

of the ionic strength.

For the experimental work three sets of

measurements were performed.
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(1) Bqulmoleoular mixtures of potassium aquapenta

cyanoferrate (II) and potassium aquapentacyanoferrate

(III) were taken and potential measured with respect
to calomel electrode for concentration range 0.01

to 0.0009M. (corresponding to the ionic strength
0.13 to 0.0094).

(9) Mixtures prepared in the molar ratio (potassium

aquapentacyanoferrate (XI) to potassium aquapenta

oyanoferrate (IH) JDtlJ,, the concentration range

of aquapentacyanoferrate (II) solution being 0.01M

to 0.000909M, (ionic strength 0.0660 to 0.00599)and.

(3) Mixture prepared in molar ratio (potassium

aqupentaeyanoferrate (II) to potassium aquapenta

cyanoferrate (I II) 1U0) the concentration range

of potassium aquapentacyanoferrate (II) solution

being 0.0OIM to 0.000909M (total Ionic strength
0*0660 to 0.005999).

the effect of univalent cations like »a* K4

and H was also observed in dilute equimoleoular

solutions of potassium aquapentacyanoferrate (II)

and ferrate (III) (0.004M). The results are tabulated
belowt
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ssmsVI Wfftflf

Jip ^Observed g.M.FlE(in volt)
A , JUM1 aall Iajraln«fe a g,,SI maAwi

'A

o.oi 0.13 0.3464 0.177 0.417

0.0066 0.0793 0.3814 0.174 0*414

0.006 0.60 0.3449 0.171 0*413

0.004 0.048 0.3190 0.168 0*409

0.0033 6.0396 0.1989 0.167 0.407

0.0098 0.0336 0.1833 0.165 0.405

0.0076 00.300 0.1739 0.163 0.403

Fig.5(A)
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AfljigBMli iH"toh

imlSgffift iiiQFf

To*W ^uKgFeCyRHgOlKgFeCygHgOlx
!•• ii mm *m •• ii n. !• ii*i4|i m iMi .11—•••ii.iW i*a MB MW m ^ift, »» J^ Is.M.^Against DP

J A9ftgtBi ajJJslmBssllH
O.OOl

0.0008

0.00098

0.00091

0.000166

0.000133

0.0001056

0.01

0.008

0.0098

0.0091

0.0016

0.00133

0.0660

0.0598

0.0988

0.01386

0.01095

0.008778

0.001056 0.006969

0.0000909 0.000909 0.005999

0.9569

9.3397

0.1697

0.U74

0.1095

0.0933

0.0830

0.0760

mmmummmvm \m *

Fig.5(B)

0.336 0.478 6.466

0.993 0.463 0.453

0.319 0.459 0.449

0.903 0.449 0.439

0.198 0.438 0.478

0.300 0.440 0.436

0.193 0.433 0.493

0.191 0.431 0.431



table Ho.q

)v4 ftafcl An

^-iic^ri® *TTf.n
asured in a mixture contain^

*f«*#*W*to#4\*** I f^ * B.H.F. *AgaWE°

o.ooi

0.0008

0.00038

0.00091

0.000166

0.000133

0.0001086

0.0000909

0.01 0.0860 0.3669 0.199

0.008 0.0598 0.9997 0.119

0.0098 0.0988 0.1897 0.113

0.0091 0.01386 0.1174 0.115

0.0016 0.01045 0.1095 0.117

0.00133 0.00877 0.0933 0.159

0.001056 0.00898 0.08306 0.161

0.000909 0.00599 0.07681 0.163

Fig. 5(e)

o.;

0.359

0.353

0.395

0.397

0.399

0.401

0.403

0.379

0.369

0*363

0*405

0.407

0.409

0.4U

0.413

XAJfrB. Hal.

Oxidation potential measarad In 0-QQ4M KjffttWnfaft
mi iyt^y?,aflep.t mixture in_presence oxacid «&rn.i^

Add saltlTotall
concen- X ,, X
tratlon X ^\ ^ h^*K&

Observed potentlaT"
! S.C.SpaCl I S.C.B.T AlCl S.C.B.

O.IM

0.9M

0.3M

0.1380 0.3815 0.195 0.436 0.193 0.433 0.350 0.590

0.9380 0.4879 0.308 0.440 0.905 0.445 0.370 0.615

0.3380 0.8714 0.995 0.466 0.313 9.453 0.390 0.831



The value of B° was found by plotting the
measured value of B of the three mixtures againat^/A

lFlg.8)and the extrapolating the straight line portion

of the eurve to aero Ionic strength.

Ionic Strength which is a measure of the

intensity of electrical field due to the ions in

solutions, is defined as half the sum of the terms

obtained by multiplying the molarity, or concentration

of each ion present in the solution by the square of

its valences
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IXJAJUJmJULi

The use of various oxidants for the estimation

of oquapentaeyanlde ion (in 4N sulphuric acidUead
to the following conclusion.

(1) Titrations between potassium permanganate and
aquapentacyanide gave good results in wide concentre,
tion range. The rise in potential at the equivalence
point 0.985V. and the value of .j1JL_ by 3.85 V (Fig.3),

(9) Titrations between cerio sulphate and aquapenta
cyanoferrate (III) gave better results in ecmparision
to potassium permanganate. The rise in potential at
equivalence point is 0.45V. and change in value of
J|. 4.50V. (Fig#l,9).

(3) The results of potentioraefcric tetrations between
potassium diehromate and aquapentacyanoferrate (II)
eould not be performed satiafactrlly (error greater
than l percent). The change in potential at equivalence
point also not marked (0.104V) as compared for potassium
permanganate (0.385V) and eerie sulphate (0.450)(Fig.4).

(4) Reverse titrations eould only be carried out
sueoessfully with eerie sulphate.

(Various results are summarised in table No.4).
The potential mediator method using oeric

sulphate as potential mediator gives quite high values
0.876, 0.7498, 0.769, 0.806, 0.845, 0.866, 0.898, 0.913V.
in potassium aquapentacyanoferrate (II) solution
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contalning 0.5, 1.0, 3.0, 3.0, 4.0, 5.0, 6*0 and

7.0H sulphuric add respectively (Fig.No.4). natural

salts exert a marked Influence on the oxidation

potential of the system. The values in hydrochloric

acid and sulphuric acid was found much higher as

compared to Kolthoff method, indicating the great

hydrogen ion Influence on the potential*

On plotting B° against JXc and extrapolating

to aero ionic strength the straight line portion of

the curve a value of 0.4190V. Is obtained with

mixtures of equapentacyanoferrate (II) and potassium

aquapentacyanoferrate (III) having the ratios ltl and

1H0 respectively. (Fig.5 curve A.B.). The value

of B° obtained by extrapolating the straight line

portion of the curve to zero ionic strength for the

mixtures of ratio 10il is slightly different as

compared with other two (0.4130) (Fig.5 curve C).
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*«£ studies on the Kinetics of hydroly^le
?f awacyafiofftrri

^aqYanqffir.r,^.^ (U? ,an<3 iuttaBentiafiT.an.o-
*CMM»ngPE xAgyanoTerratg UlTi Xfrg anodic.

vrrrrrmT*»4

Hexacyanoferrate (II) is not reducible at

the dropping mercury electrode (1) but hexacyanoferrate

(III) Is reduced easily at this electrode giving

fairly well defined diffusion waves. The hight of

the wave is proportional to the hexacyanoferrate (III)

concentration in neutral O.iN potassium chloride (3).

The potential of an equimolecular mixture of hexaoyano

ferrate (Et) and ferrate (III) in 0.1H potassium

chloride has been reported as *0.93V Vs 3.C.B. Zuman

(3) has carried detailed investigations on the polaro-

graphie behaviour of ferro-ferrloyanide couple and

reported it to be reversible even in O.IM sulphuric

acid. Mohal Papp and Rehar (4) has studied the effect

of temperature and relative concentrations of the

components on the oxidation reduction potential of

hexacyanoferrate (II) ferrate (III) system and reported

the vsi ues of temperature ooeffldent and dependence

of the values of B° on temperature and concentration.

Klvaio (5) has carried out investigations on the

polarographie maxima of hexacyanoferrate (III) in

presence and absence of electrolytes (sodium perchlo-

rate and potassium chloride).

Investigations has also been made by Rubin

(5) on hexacyanoferrate (III) and ferrate (II) for the
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rate and diffusion system controlled currents at a

Ilannar revereible electrode under applied potentials

such thst the reverse reaction makes an appreciable

contribution to the over all process. Kaehaturyan

and Gorbachev (7) has" studied the polarisation of

reversible oxidation reduction system of ferrl-

ferrocyanlde and reported the energy of activation

for all cathodic and anodic processes. The limiting

stage in the process was the diffusion of the materials

to the electrode i.e. the concentration polarisation.

Melts (8) has utilised the diffusion constant (id/cm^/3
1/6

tv ) of hexacyanoferrate (III) to establish the

relationship between diffusion current and capllllary

charactersties for studying the eleetrode process.

The oxidation of hexacyanoferrate (II) at rotating

platinum electrode has been reported by Rlemeno (9)

and Qlasston (10) • Investigations at cylindrical

eleetrode, using a current generator, have been carried

out by Margon and Chittenden (11). They measured the

diffusion charge at «0.40 volts Vs 3.C.B.

Some workers have reported the use of hexaoyano

ferrate (II) in amperometric titrations for the estima

tion of Zinc (II) (12),Chromium (II) (13), tungsten(VI)

(14),vanadium (HI) (15), chromium (IlD.Be (XX),0u(I),

Ti (III), Ti (IV), Mr. (Ill), Mo (IV) and MO (V) (16).

But direct palorographic methods for the estimation of



hexaoyanoferrate (II) and aquapentacyanoferrate (II)

have not been reported In the existing literature.

The investigations described In this chapter deals

with the following new aspects of the polarography

of hexacyanoferrate (II).

(1) Folarograpnic-reduction of hexaoyanoferrate

(II) and aquapentacyanoferrate (II) at d.m.e.,

carried out with the view to test the suitability

of the method for the analytical work.

(3) Pmlarographic studies on the hydrolytic

decomposition of hexaoyanoferrate (II).

ft 1 M M 1 % ,h k

Aquapentacyanoferrate (II) was prepared by

the method described in Chapter II (p. )• All the

reagents used were of a.H. quality. The solutions

of hexacyanoferrate (II) and aquapentacyanoferrate

(II) were prepared by dissolving weighed quantities

in distilled water. Their strengths ware determined

potentlometrlealiy by titrating against potassium

permangnate and oerle sulphate respectively (vide

part I of this chapter).

JfiXBUDefSUM

Heyresvsky polarograph (IP 55a), operated

manjialy In conjunction with ff% selamp galvanometer

in external circuit was used. Fisher capillary

with droptlme 4.3 sec. in open circuit was used.



Weight of one drop taken at a hiegfat of 60.0 em of

mercury column was 0.0035 gm. Polarographie cell

together with S.C.B. was kept immersed in thermostaUo

bath maintained at 30 ♦ 0.1°c purified hydrogen was
used for deaeration.

Beckman pH meter model Hg waa employed to
adjust the pH values*

Bttffftrg slid supporting el^e^roly^aa^

All the buffers used were prepared in double

distilled water. Halpole, potassium hydrogen phthalate,
potassium dihydrogen phosphate, and borax huffera ware

used in pH range (1.0-3.0) | (3.0-8.0); (7.0-8.6) and

(8.0-11.6) respectively for maintaining the pH of the
solutions. Solutions of the electrolytes lithium

chloride, potassium chloride, sodium fluoride, potassium
nitrate, potassium chlorate, sodium sulphate and

barium chloride were prepared by dissolving weighed
quantities in double distilled water.

Proa»4iqrsti

The following experiments were performed to

study the behaviour of hexacyano-ferrate (II) at d.m.e.

(1) The anodic waves of solutions containing
3.0 ml 10"SH hexacyanoferrate (II), 18.0 ml of buffers
pH values ranging from 1.8 to U.6 were recorded at

1/30 eenstivlty of the polarograph in the potential
region 0.4 to 0.0V.
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(9) Mixtures containing 3.0 ml of 10*8M hexaeyano-
ferrate (II) and 1.0 ml of 1.0xlO"4M mercuric chloride

was kept in dark to bring about the hydrolytie

decomposition of hexacyanoferrate (II). Total volume

was then made up to 90 ml by adding buffers of pH

values ranging from 1.3 to 11.6. Anodic waves from

<*0.4 to 0.0V at 1/50 senstlvity of the polarograph

were recorded.

(3) Polarograma of the solution containing 3.0 ml

of 10"% aquapentacyanoferrate (II) and 18.0 ml

buffers of pH values 1.3 to 11.5 were recorded under

conditions mentioned above.

(4) Polarograms of the buffers (17.0 ml or 18.0 ml

diluted to 80.0 ml by water) were also recorded

under similar condition.

The residual current corresponding to different

buffers was substracted from the diffusion current

recorded in experiments 1, 3 and 3.

Current voltage curves for hexaoyanoferrate

(II) its hydrolytic decomposition product and

aquapentacyanoferrate (II) in pH range 1.9 to 11.45

are shown In Fig.(la), (lb) and (1c) respectively.

The Bj/g values are tabulated belows
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A marked difference in 8a. in the pH range

3.0 to 5.0 was observed between the waves of hexacyano

ferrate (II) and its hydrolytic decomposition product.

This could be confirmed from the Bi values of the

aquapentacyanoferrate (II) obtained under similar

conditi ons (exp.No.3)•

Since satisfactory data from these experiments

were obtained in the pH range 3.0-5.0, pH 4.0 was

chosen for detailed investigations. In order to

study various aspects of the oxidation of hexacyano

ferrate (II) and aquapentacyanoferrate (II) at d.m.e.

the following sets solutions were prepared.

fmtX

Contained 8-solutlons each with 2.0 ml, 0.01M

hexacyanoferrate (II) and 2.0 ml of the electrolytes

lethium chloride, sodium chloride, potassium chloride,

sodium fluoride, potassium nitrate, potassium chlorate

sodium sulphate and barium chloride (2.0, 2.0, 2.0,

1.0, 1.0, 0,5, 0.5 and 2.0M respectively in solutions

1 to 8). Total volume was made to 20.0 ml by buffer

of pH 4.0.

Set II

Comprised of 8-solutions mentioned as above,

in place of hexacyanoferrate (II), aquapentacyano

ferrate (II) of similar concentration was used, so

that the results of set(I)may be compared.
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The residual current corresponding to the

different buffers was substracted from the diffusion

current, recorded for the solutions in Set I, II and

III.

The results are tabulated belowi

Oxidation of l.OxlO-^M hexacvanofa]
in Various supporting electrolyte^

Potential^ v_ CurrfiJT
iLlthi-XPot. Isod. Isod. § Pot. T
lum IChlo-lchlo-Xfluo- I Nitrate! chlo- I Sulpha-
Ichlor-Iride Iride Iride I 0.05M I rate X te
jide lO.lM XO.IM JO.IM I i 0.05M I O.IM

+0.50 - - „ 3.45

40.40 1.15 1.2 1.1 2.85 3.35 2.60 2.65

+0.35 1.2 1.25 1.16 2.25 2.90 2.05 2.10

+0.30 1.25 1.4 1.2 1.35 1.45 1.00 0.90

40.25 1.6 1.7 1.4 0.85 0.85 0.75 0.80

40.20 4.0 2.4 1.9 0.80 0.55 0.55 0.50

40.18 2.0 1.4 1.2

+0.15 1,0 0.5 0.5 0.75 0.20

0.10 40.1 0.1 0.1 0.70 0.0 0.0 0.0

0.05 0.0 0.0 0.05 -

0.00 0.0 0.0 - - - o.O 0.0

Pot. I Sod7

curve (1) (2) (3) (4) (5) (6) (7)

Pig.2A



tfollanon of X,flt
pfi ,4.,Q in VarlQAta

-3,9sl4a||on of 1,9x10" WheMyanofflrrat
^rrmmTnr* ,cai

.errata. ,111), at.

P

V
otentlal j . . ' . , , , Current • ,, -^A , ,,,,,,—
. Vs S.C.ElLith iumi sodium lPotassiuml3odium IPot asslumll otass iumi Sodium

Ichlorids chlori del chloride Ifluori del nitrate ichlorate Xsulphate
i&UJtf i&OB lOOH .Q.1M I0.Q5M I0.05H lO.IH

40.4 0.90 0*8

40.35 0.95 0.9

o.x 1.0 1.0

0*25 1.2 1.8

0*20 2.0 1.8

0.16 4.0 2.9

0*15 - -

0*10 0.40 0.5

0.05 - -

40.0 0.20 0.2(

Curve (1) (2)

0.9 - - - *

0.95 em
- - -

1.0 - - -
—

1.1 1.0 1.1 1.5 1.46

1.4 0.9 1.0 0.9 1.0

2.4 -
88 — —

- 0.5 0.5 0.4 0.5

0.4 -0.2 -0.10 0.0 -0.15

- -0.3 -0.26 -0.3 -0.35

0.2 -0.3 -0.35 -0.4 -0.40

(3) (4) (6) (6) (7)

rig.2(B)

?
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Sinee reversible oxidation waves for the

solutions in set I, II were obtained in O.IM sodium

fluoride as supporting electrolyte. The effect of

ooncentration of aquapentacyanoferrate (H) and

that of hexacyanoferrate (II) on their respective

id values was studied by recording the polarograms

of the following two sets of solutions*

fffffi »i

Comprised of 5-solutions, 1*0, 2*0, 3*0, 4*0

and 5.0 ml of l.0xl0~2M hexacyanoferrate (II) was

mixed with 2.0 ml of 1.0M sodium fluoride and total

volume was made up to 20.0 ml by adding the buffer

of pH 4.0.

Again comprised of 5-solutlons 1.0, 2.0, 3.0,

4.0 and 6.0 ml of aquapentacyanoferrate was added

to 2.0 ml of sodium fluoride, total volume was made

to 20.0 ml by adding buffer of pH 4.0.

The effect of mercury pressure to ascertain

the nature of the electrode process was studied by

recording the polarograms of solution Mo.2 at different

heights. Drop time at+0.4V and the mean of maximum

and minimum difflection was noted to plot curves

between logi and logt. Results are tabulated belowi
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la/wfe? JJa#

sonqflntraUgnn ..tf kfiateaYanQXaccata .Ufl HsemWmCai to
0t2Sxl0-8M) a^ p{$ 4,0 *n QgM. 89*1^ nHQrl4fl'

Potential! gurrcjft UlftlQ-0,, A,,. • • ~"
JSolution!solutionlSolution!Solution!solution

pjMUl MBal Uiai IJ&di IfituS

40.40 1.42 9.84 4.10 5.78 7.16
40.35 1.38 2.76 3.84 5.40 6.90
40.30 0.90 1.35 1.35 1.36 1.36
40.25 0.86 0.90 0*90 0.90 0.90
40.90 0.86 0.90 0.86 0.86 0.90
40.15 0.80 0.80 0.80 0.80 0.85

Curve (1) (2) (3) (4) (5)

Fig.6(A)

MB po,s

Variation In current with potential for the various
concentrations of aauaLentacy&nQTerrat .111) (0.65x10*t6flxlHr*,H
tn fl.8ftrtfl-*H) atnJH 4.0 in 0»lHnQliUB fluarlflji

Potentials Current l.lxlO-^A \
\ Solutionl solution! Solutionl solution! solution
llaal MmVd. iMSUZ 1 fto.4 1 UJk

40*26 0.50 1*1 1.45 1*98 2*4
40*80 0.50 1.0 1.40 1*96 £% «3

40*15 0.0 0*5 0.80 1*3 1*60
40*10 -0.20 -0*80 -0.20 -0*20 —0*20

40.06 -0.30 -0.30 -0.30 -0*30 -0*30
40. JO —0.35 -0.36 -0.35 -0*35 -0*35

Curve CD (2) (3) (4) (5)

Fig .6(B)
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In order to see the possibility for the

simultaneous deteradnatlrn of hexacyanoferrate (II)

and aquapentacyanoferrate (II), the polarogram
-2

of the mixture containing 8.0 ml 10 M aquapenta

cyanoferrate (n), 9.0 ml 10*8M hexaoyanoferrate (II)
2.0 ml ofAbuffer of pH 4.0 (to make the total volume

to 90.0 ml), was recorded. Results are tabulated

belowi

TEAM Baal

ttmml fQr thft clKturt
..u/irinntifflCYanorflrrata

' A84LUJL
ePTWf»PI AUm ,vna aUbntfrictfldL

Potential"! Current 1.1x10-'*a"
\ Correct for the current of WmeJml

40.40 8.85

40.35 8.78

0.30 x**fgr< J-35

0.25 Ff-^- °-90II • (BOO- «E ,, j

0.20 \fe—-d#' 0.90
0.15 0.60

0.10 -0.16

0.05 -0'30

0.00 -0.40

Ml I I - "——— ' " ' ' ' I •'•'• I——W ————

rig.7
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Ilfffrf HQ*1

«r*r«»*y:B
ircurv oy«««ur« on ^e, POlarosraa of

L&xaazi •rr7TtTWMf»r*.isjrerTT;rrwe.

hcorr • <hexp.- hback), h. . a 3.1/s l/St1/3
back

Height of
mercury
column

hCoosntcttal

I IDrop ILIraitingT
Itime lourrent {log t ! logi

Jl.lxI0-6Ai
31.0 cm 5.52 4,55
38.8 6.82 3.90
45.7 6.76 3.42
56.5 7.45 3.03
60.0 7.34 8.79

2.6
3.36
3.7
3.95
4.0

0.6580
0.5911
0.5340
0.4814
0.4346

0.1343
0.1250
0.8643
0.0656
0.0913

?ig.3A rig.5A

MM Rq.8

BCfwct of. try pressure on the colarocrar

,rrrr\TM**vWifmnrtui:m*XiW.
4££E&i

height of t JDrop JLiaiting 1 1
mercury Jfc Itime Icurrent log 1 log t

!
column
h(corrected! i

-6A !

31.0 6.08 4.60
38.0 6.98 J. oo

45.7 8.76 3.40
86.8 7.48 3.03
60.0 7.74 8.70

?ig.3B

1.IxlO'^A

0.61
1.1
1.7
1.8
1.9

0.1138
0.U60
0.0581
0.0506
0.0042

Pig. 38

0.6539
0.6800
0.5316
0.4800
0.4314
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Loganthmlc analysis for the oolaroe ram of 0-i*iq-8m
ftflMCYanQferrste (II) in O.lMsodium fluorlda at nH 4.£

Potential
volts

40*4
0.35
0.34
0.33
0.30
0.85
0.90

T Current

9.85
2.80
2.26
2.30
1*40
0.90
0.80

rif.(4A)

T log

*n-l '

46.91
44.016
40.4170
-0.3665

Talf g [Sjjfl

Logarithmic, analysis for the polarograms of O.irifl M
TTT7TrrvrrnrfiM4»rw.Fn trr:rrw*rrr.r-

Potential !Current
volts r <"k log^L^J

0.25 4-1.0 ♦1.1139
0.90 40.90 40.7782
0.14 40.40 -0.1249
0,10 -0.1 -0.6643
0.05 -0.3 -1.4313
0.00 -0.35 •

e> .i «*

Fig.4B
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Well defined diffuelon controlled reversible

steps of the oxidation of hexaoyanoferrate (II) was

obtained in O.IM sodium fluoride at pH 4.0. The

step height was found to be dependent on concentration

and decreased Continuously during its hydrolytic

decompositions'. Alongwith the decrease in the wave

height of hexacyanoferrate (II) a new wave at less

♦ve potential due to the oxidation of the decomposition

product (aquapentacyanoferrate (ID) appeared, whose

height increased with time.

Since the plateau of hexaoyanoferrate (II) wave

was between the potential region 40.38 to 0.46V. the

kinetica of decomposition were studied by measuring

the decrease in current at different intervals at

applied potential of 40.4V. Two solutions containing

8.0, 16.0 ml respectively of O.OlM hexacyanoferrate

(II) were mixed with 8.0 ml of 1.0M sodium fluoride.

Total volume was made to 8.00 ml by adding buffer of

ph 4.0. These solutions were exposed to ultraviolet

lltht. Deacrease in current of solution Ko.l and

polarogram of solution Mo.2 at different intervals

(to see the disappearance of hexacyanofirrate (II)

wave and subsequent appearance of the wave of aquapen

tacyanoferrate (II)) were recorded at 30 2 0.1°C.

Experiment with solution Ko.l (Set I above)

were also performed under the action of white light
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or lmpresence of 0.1x10"^ mercuric chloride or
ehromie chloride to compare the catalytic activities

of ultraviolet and white light. The results are

tabulated belowi

sell Ho-11

romont a for 0.W0"2* ho**0?*110-
»r the action of ultraviolet

Potentlalj
VCltft

40.45

40.40

40.35

40.30

40.25

40.80

40.16

40.10

40.06

40.0

-0.10

Curve

*m •!• iwi*1'

OjftffTflfl^.. .^A
.ngrsr-rrr

t—a«3saEIlCmQ3D 1120*0 t 180.0 t 34Q.O.
6.9 6.3 4.9 4.42 3.7 3.4

€.21

3.60

1.9

1.4

1.3

0.5

-0.1

-0*30

5.8

5.0

2.0

1.0

0*8

6*16

4*0

1.8

1.0

0*76

0.2

-0.8

(1) (8)

4.8

4.4

1.9

1.4

1.0

0.5

-0.1

-0.85 -0.3

-0.3 -0.36 -0.36

40.3 40.36 40.35

(3)

rig .8

(4)

3.6

3.0

1.9

1.55

1.3

0.6

-0.8

3.9

9.4

9.1

2.1

1.7

0.5

-0.8

-0.30 -0.3

-0.35 -0.35

40.36 40.36

(5) (60
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Ss^m^SStsftCie^SS ln Quri>ent ***** ti— qt applied

wnert it was exposed to uTtraVlolet light. <k
6r contained! eMe^Xxlb^H Hg>+ o?cgw

JLsn&i

yfl*— .' ii —j • m '«i«' ii hi hi «w—«»»—t—^—_»______

minutes lUltra-violet!White I Zee I TT
Ilight Slight I "* { *

"" " * '"" "" '" "llr' — '• ' • '" •'•T3g- •• | , „%|||||L..

♦4>4-

0.0 5.8 5.8 5.8 8.8

30.0 5.4 5.45 5.8 5.5

*0»0 4.8 5.0 5.8 6.45

190.0 4.2 4.30 4.7 5.0

180.0 3.8 6.9 4.5 4.8

340.0 3.5 3.7 4.40 4.75

n*i »m*mmm twmmm

Curve (l) (8) (3) (4)

rig .9

tttflir. PC reaction..temperature coefficient and sjaejg

To determine these constants, current at different

intervals at temperatures 30°C, 406C and 50°C of the

mixture containing 8.0 ml hexacyanoferrate (II), 8.0

ml 1.0xlO~T« mercurie chloride, 8.0 ml 1.0M sodium

fluorlded and 56.0 ml of buffer of pH 4.0 was measured.

The order of reaction at these temperatures

was calculated from the slopes of the straight lines

obtained by plotting log ( ^ ) against log c . The



value of rate constant K was determined employing the

equation*

where Ac and 6 represent the change in concentration

and mesn concentration respectively during a small

interval At.

Temperature coefficient and energy of activation

were calculated by employing the relationship *tlO/kt
k<tand equation log •3 a -V2.303R (3/Tg-l/Tx)
*2

respectively. The results are tabulated below*

MM iMi

Variation in current with time at applied potential
of 40.4V for the mixture containing 0.lxlO*3M hexacyano
ferrate (II), O.IM sodium fluoride and 0.1xlO-*M saereurie
chloride.

Temperature 3o8 Senstivity 1/30

!••« •i.i.i—n.i • ii • ammmmmmmm •< i i • •• m • • •••y • —- " SJ "*"" ' ' ' "J ' "

Smt^nS" At - ajj^Ji^^lJ.i jm s }*4 <-£ >
, , .•„ , .. i i • i ii. «^4 • • Jgw ••• —mmmmmmtmmmmJkm —• •• i i I•

0.0
x.o
60.0

180.0
180.0
24O.0
300.0

5.8
5.4
5.1
4.75
4.45

4.1

30 0.26 87.0 1.9395 29.7 1.4788 2.92x10

-3
60 0.30 80.01 1.6940

60 0.10 17.00 1.2304

83.0 1.3617

8.6 0.9063

24 hours 2.3

Mean value of K a 2.406xl0~3
Plot of current Vs time Fig.10 curve 1

log Ae ya log Z Fig.11 curve 1 (slope 1.21)

2.30x10

2.0xl0*3



e-o 30°

Pig. 10.

So o 900 12 o j so
—> Time in minutes

J80

effect of temp in the variation of currenf
tvith //me .

2oo

0

X

*k*'

A l-B
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TAiiLB No.1,4

con

so

jp.4PwP.
mrSsmi^6^Mlk mercuWchloride A

Time injCurrent]
minutes! a

!

5.80

—j p- —^_
At I . AC I -zsf. !log-^a I e ., Jlog o Ik—If

! IxlO-4 1 ^* !xK> XX r*T;
»—'••• — i - - i

)

0.0

30.0
60.0

120.0
180.0

240.0
300.0

4*95 " °*86 83'3 X'9901 S2-7 1*4425 3.87x30"3

J-l 60 0.40 68.8 1.8235 16.0 1.2041 4.l6xl0~3

|.45 60 0.16 25.0 1.3979 10.75 1.0294 2.32xl0~3

24 hours 2.3

Mean value of K • 3.376xl0*3 min*1

Plot of current Vs tim Fig.10 curve 2

ot of log - J*$L> Vs log 8 Fig. 11 curve 2

(slope m 1.21)

Aq

At



minutes i MA At

JefiwS .Hgilft

Variations in current with time for the mixture

fl,gtfta*ni,re, fi%UlT"lit fiwaiYaRgtorattt MX)* QaUW
awilua ,Clu,ori,gfl and Q>lglft-.^i,,—r.fimlc qhloxaflo. at

Time in (Current! I I Ac i
I MA At 1 - Ae ! At,.
i i I

1 Vilogellsri icg.^f f v hog c ii-ic-^

0.0

30.0
60.0

190.0
180.0

240.0
300.0

5.75

4.78
4.30

3.46
2.80

2.7
2.5

30 0.45 150.0 9.1761 17.25 1.2370 8.89xl03

60 0.66 91.67 1.9619 8.76 0.942010.48x103

-3
0.90 33.33 1.5224

24 hours 2.3

v—3
Mean Value of K * 10.086x10

Plot of current Vs time Fig .10 curve 3

Plot log £|_ Vs log c Fig.12 (slope a 0.93)

3.00 0.477 U. 11x10
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jjmeA|sjjil Digouss^gn, oxidation of hexaovanoferrata-
TfflTand ftquapentacvanQferrate CIlit

From the current voltage curves drawn fcr

l.OxlO*^ hexacyanoferrate (II), its hydrolytic

decomposition product (obtained in the presence of

mercuric ions) at various pH values, it was found

that there is a marked difference in B| values in

the pH region 3*0 to 6.0 ml. Well defined ste; s could

not be obtained either in lower or higher pH regions*

The *| vslues of aquapentacyanoferrate (II) at pH
3.0 to 5.0 were found to be quite similar with the S^

values of hydrolytic decomposition product of hexacyano

ferrate (II) obtained in presence of mercuric ions.

Similar type of results were obtained in presence of

Cr*** ions or on exposure of hexacyanoferrate (II)

to ultraviolet or white light. The B^ values fcr

hexacyanoferrate (H) its hydrolytie decomposition

product and aquapentacyanoferrate (II) are shown

in table Ho.l and the polarograms In Fig.l a,B. and

C curves (1-9).

Since the Bi of hydrolytic decomposition product

and that of aquapentacyanoferrate (II) was found to

be same in the pH range 3*0 to 5.0 it may be concluded

that presence of Hg++ or Cr*** ions or the action

of ultraviolet or white light decomposed hexaoyano

ferrate (II) to give similar products vis, the
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aquapentacyanoferrate (II).

In presence of O.iM of either of the electro

lytes, lithium chloride, potassium chloride or

sodium chloride, 1.0x10"^ hexaoyanoferrate (II)
gave a pronounded maxima (Fig.2 A curve 1,2 and 3)

at 40.90V which could not be suppossed by the surface

active agents like as cetyl trlmethyl ammonium bromide,

Nonidate p-40, gelatine and methyl red. In presence

of O.IM of sodium fluoride a reversible oxidation

wave (Fig .2A curve 4 S^ « ♦ 0.39V) waa obtained.

The electrode process was diffusion controlled as

was verified by the effect of mercury pressure

(Fig.44) (Fig.3A) logarithm!o analysis and by the

plot of logi Va log t. (slope of the curve * 0.163)

(Flg.SA)J (Table No.7,8). The step height was

dependent on concentration studied in the range

(0.05xlO-SM) to (0.25xlO"aM) Fig.6a. In O.IM potassium

nitrate 0.06M potassium at pE 4*0, 0.1xlO"2M hexaoyano
ferrate (II) oxidised giving irreversible waves, Fig.2a

curves 5,6,7. No wave In barium chloride however,

was obtained.

The behaviour of aquapentacyanoferrate (II)

at d.m.e. was quite different /and the &\ values were

oJis** quite different (Table No.l). Although aquapentacyano

ferrate (II) also gave pronounced maxima in O.IM of

alkali chlorides (Fig.23 curve 1,8 and 3) but its

position shifted from 0.20 to 0.16V. Moreover its
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height decreased in passing from sodium diboride to

potassium chloride. Here again the maxima could not

be suppressed by the addition of surface active agents

like cetyltrimethyl ammonium bromide, None date p-40

gelatine and methyl red.

Aquapenta-oyanoferrate (II) also got oxidised

reverslbly and diffusion controlled waves (81 « 4-0.16V)

were obtained in O.IM sodium fluoride and potassium

nitrate at pH 4.0 (Fig.2B curve 4,5). The logarithmic*

analysis (Fig.4B) mercury pressure (Fig.38) and the

plot oflogi Vs log t (Fig.SB slope of the curve » 0.162)

gave evidence for the existence of reversible, diffusion

controlled waves. The step height was dependent on

concentration (Fig.6B in the range (0.05 to 0.26x10-^).

The waves obtained in presence of 0.05M potassium

chlorate, potassium sulphate were irreversible and

ill defined, (Fig.2B, curve 6,7). No wave waa realised

in O.iM barium chloride.

From the mixtures containing 0.ixlO"8M hexaoyano

ferrate (II) and aquapentacyanoferrate (II) in O.IM

sodium fluoride two distinct waves due to the oxidation

of hexacyanoferrate (II) and aquapentacyanoferrate (II)

respectively were realised (Fig.7).

•seWimml ,9f JmVI Bmm6ttaB«

Effect Of Hg**. Cr*** ultraviolet and Witt a light1

All these catalysts decomposed hexacyanoferrate

(II) to the similar product (aquapentacyanoferrate (II))

which was easily ascertained because the behaviour of
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aquapentaeyaBOferrata (II) and decompositions product

of hexacyanoferrate (II) at d.m.e. was quite similar.

During the course of decomposition the dissapear-

anee of the wave of hexaoyanoferrate (II) and the

appearance of the wave of aquapentaoyanide took place

(Fig.8) curve 1,2,3,4,5 and 6 were recorded at 0.0,

30.0, 100.0, 180.0, 160.0 and 240th minutes respectively

under the influence of veilat light.

From the plots of the current (measured at 0.4?)

Vs the time (Fig.9) for the mixtures containing 0.1xlO"3M

hexaoyanoferrate (II), O.IM sodium fluoride at pH 4.0

in presence of 0.1xlO"*TC mercuric chloride or under

the action of ultra violet or white light it was found

that the effect of Hg**^> Cr*** on the hydrolytic

decomposition of hexacyanoferrate (II). Similarly

ultraviolet light was more effective in bringing about

hydrolytic decomposition than white light. The current

at 60th minute decreased to 17.85, 14.66, 10.35 and

6.90 per cent with ultraviolet, white light, mercuric

chloride and ehromie chloride respectively*

The hydrolytic decomposition of hexaoyanoferrate

(II) at pH 4*0 in presence of small amounts of mercuric

chloride waa found to be of first order because the

values of the slopes of the curves (Fig.11 curve 1,8 and

Fig. 12) at temperatures 30°. 40° and 50°C were found

to be 1.81, 1.81 and 0.93 (values rerf close to one )•

The mean values of rate constants at these temperatures
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2.406x10" , 1.376xl0"3 and 10.O88xlO"3 min*1.
The temperature coefficient and energy of activation

(Calculated with th rate constant values at 30° and

40 C) for the decomposition was found to be 1.403 and

-6.411 K cal/mole.

These results are quite comparable with the

studies carried out by Asperger (99) on the kinetics

of interactions of hexaoyanoferrate (II) with nitroso-

benaene, and by Maitk (81) on its interaction with

Cr***, Be** ions.
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The problem of hydrolytic decomposition of

hexaoyanoferrate (II) to agq)tpentacyanoferrata (II)

was considered by a number of workers (1-6).

Extensive studies on the kinetics of hydrolytic

decomposition of hexacyanoferrate (II) In presence

of small amounts of mercuric Ions was carried out

by s. Asperger (2,3) by determining the variations

in the extinction with time of the violet complex

(FeCy5CaH6N0)~~" According to 8. Asperger the

equilibrium reaction FeCyfl ~*T& f*GTjh°~ ~+ • Ci)

in dark shifted completely towards left but was

prevented by relatively fast Irreversible process:

FeCy5Hs04OsH5N0 a FeCyeCsH5NO4il90 (11)

It was then possible to measure the velocity of

decomposition of potassium hexacyanoferrate (II)

to aquapentacyanoferrate (II) by cor.pl exing the

reaction product with nltrosobenzene. More recently

Malik and Kaphley (7) carried out the decomposition

of hexacyanoferrate (II) in presence of Be** and

Cr*** ions. They studied the kinetics of interaction

and tine relatively fast irreversible process in

presence of Be** ions and reported second order

reaction kinetics.

In this part of the chapter the results on

the reduction of nltrosobenzene pentacyano ferrate (II)
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complex at dropping murcury eleetrode are reported.

It may be mentioned that in the literature reduction

of aliphatic and aromatic nltrosocompounds (B-n)

(Nltrosobenzene, p-nitrosophenol, -nitroso-B-naphthol,

and nitrosophenyl hydroxyl amine) have been reported.

No references on the reduction of nltrosobenzene

complex of the hydrolytic decomposition product of

hexacyanoferrate (II) are available.
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Nltrosobenzene was prepared by the method

of Coleman et al (18). Its solution of required

concentration was prepared in double distilled

water containing 20 per cent alcohol and kept in

freeze.

All the buffers used were prepared in double

distilled water. Clark and Lubs, potassium hydrogsn

phthalate, potassium dehydrogen phosphate, Borax

and sodium dihydrogen phosphate buffers were used

in pH range (1.0-9.0) § (3.0-6.6), (7.0-8.8) | (8.8-10.6)

and (11.0-13.0) respectively for maintaining the

pH of the solutions, under investigations.

Potassium aquapentacyanoferrate (II) was

prepared employing Hoffman*• method (13) with some

modifications. In an ice cold dilute alkaline

solution of potassium hexacyanoferrate (II) [potassium

hexacyanoferrate (II) 20 gms potassium carbonate

1.0 gm in 200 ml double distilled water j ehlorine

was passed till the red colouration persisted. The

solution was treated with oxygen free ice cold

ethyl alcohol (4 folds). The yellow precipitate

was collected in the atmosphere of hydrogen and

dissolved in minimum quantity of water and treated



with an Ice-cold solution containing hydroxyl-amine

hydrochloride and potassium carbonate (15 gms and

10 gms respectively dissolved in minimum quantity

of double distilled water). Lemon yellow crystals

were obtained with repeated crystal!zation of the

above product from cold ethyl alcohol. The

compound was dried in vacuum over sulphuric acid

for 24 hours. The faint yellow aqueous solution

did not show any turbidity even after several weeks.

Weighed quantity of aquapentacyanoferrate

(II) was dissolved in double distilled water and

its strength was determined potent!©metrically

against eerie sulphate.

Solution of potassium chloride of required

concentration was prepared in double distilled

water.

AftPftratcW

A Toshniwal palarograph Type CLO-2 (India)

was empolyed, using a fy selamp Galvanometer in

the external circuit. The polarographle cell and

the referenoe electrode (S.C.B.) were kept Immersed

in thermostatic bath maintained at 30 ♦ 0.1 C

Purified hydrogen was used for de-aeration. A

Fischer capillary with a drop time of 3.4 sec (ope

circuit) was used for the d.m.e, the capillary

constant m^3 t1^® being 2.877. Potassium chloride
and suitable buffers was used as the supporting



-69-

electrolyte. Polarograms of the various mixtures

in duplicate were taken after 24 hours of mixing

the react ant s. Mean of minimum and maximum dlflee-

tion of galvanometer was recorded for each potential!

No maximum suppressor was used in present studies.

The following aspects were studied!

1-Mixtures containing 1.0 ml, 0.01M nltroso

benzene | 1.0 ml, 0.01M aquapentacyanoferrate (II);

1.0 ml, 1.0M potassium chloride were taken and

total volume made up to 16.0 by adding requisite

amount of the buffers, ranging from pH 1.15 to 12.6.

Polarograms of nltrosobenzene alone in potassium

chloride end various buffers were also taken for

comparlsion.

The above studies were carried out to

determine the influence of pH on the polarographle

reduction of the violet complex. Results are

tabulated below.
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HMJLMSL&

Qurr«n,^
BUcaaoj

•la " TtiiHtl litiliftffc tiaU f,9.r,
tmgTaqsB9a9b9n89nsi>gfitflgyan9f.tctata

•fcfta .Iftductiq^ j
mMWmJUU

«0.10
♦0.08
40.06
40,04
40.00
-0.00
-0.04
-0.06
-0.08
-0.10
-0.90
-0.30
-0.40
•0.50
-0.55
-0.60
-0.70
-0.80
-0.90
-1.00
-1.10
-1.90
-1.30
-1.40
-1.50
-1.60

Curve

♦9.60
44. 95

49.85
♦0.85
♦0.45

-0.45
-0.39
-0.95
-0.15
-0.06
40.05
40.40
40.55
40.66
40.77
♦1.15

♦1.95

♦1.56
♦1.60
♦1.60
♦1.65
♦1.76

♦1.85
♦1.95

♦9.45

(30)

nVtAj
L-8

.awpfffcs, ,„..
i 13n4-.

.Sirxsat.

4-19.85 —

♦ 7.30 -

<•* —

♦ 1.65 Out of scale
♦ 0.56 4-5.35
- 0.56 —6.36
- 0.35 -0.75

- 0.15 -0.35
- 0.05 •0*95
♦ 0.16 ♦0.05
♦ 0.46 40.35
+ 0.66 em

♦ 0.65 40.45

♦ 0.78 40.56
♦ 1.30 ♦1.70
♦ 1.60 42.45
♦ 1.60 49.65
♦ 1.70 49.90

— ♦3.00
♦ 1.85 ♦3.10

♦ 9.15

(U)

Fig.l (a)

♦3.30

♦3.40

(19)

ijiaacfl i..
jferrjgnjL

-3.90
-1.35
-0.56
-0.19
-0.00
♦0.10
40.90

em

40.90
40.40
40.45
40.67
40.70

«a>

40.80

♦1.90

(13)
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F/g. 1(b)

Polarograms of nitrosobenjene at different pn values Q. H5, ® 20, <J) 30, <g) 40 , (5) S-o, (£) s-o , © S-6,

® SS , <§) aas , @ 9-5 , (Q) {o-6 , <g) 110 , @ 12-4 . 00 is the original for each curve .

-^ 2*1
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9-Htxtures containing 3.0 ml of O.OIM

nltrosobenzene and increasing amounts of (0.5, 1.0,

1.5, 9.0, 9.6, 3.0 ml) of 0.01M aquapentacyanoferrate

(XX) | 1.0 ml, 1.0M potassium chloride, total volume

made up to 16.0 ml by adding requisite amount of

buffer of pB 4.0 (optimum pH from (I) above for

the reduction of the complex) solutions were also

prepared in reverse order, vis., using a constant

volume of the aquapentacyanoferrate (XX) (3.0 ml

0.01M aquapentacyanoferrate (XI) and increasing

amounts of nltrosobenzene (0.5, 1.0, 1.5, 9.0, 9.5

ml) and polarograms were recorded under similar

conditions. Results are tabulated belows
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Q\nm% potential torta 9f *h«.wtrtwrta.wtraimp*mZtm pot.e.nt.laA .datjg ,.9* :
aHanUtr of flitrogiobta&fiaft
agttaiJgntasranyCerrfltflUi )„.

PH 4.0
Senstivity]
Mixture

Current 1.

j .1/6 I 1/5. I I1/S 1J/1Q
l.lxlp ~ amperes

<> IjJV.H. l^VH.'l^MH. i:.'1 Ml* IJJ'.UfT

40.08
40.06
40.04
40.09
40.00
-0.00
-0.09
-0.04
—0.06
-0.08
-0.10
-0.18
-0.90
-0.96
-0.30
-0.35
-0.40
-0.60
-0.60
-0.70
-0.80
-0.90
-1.00
-1.10
-1.90
-1.30

40.10
-0.19

-0.45
-0.50
40.50
40.60
40.70
40.80
40.90
4-1.00
♦1.90
♦1.40

♦1.80
49.79
43.65
44.09
♦4.10
44. am
+4.50
♦4.60
♦4.80
♦5.10

45.60
46.80
49.55

Curve . (1)

Diffusion 1,9
Current

40.05
-0.40
-0.65
-0.85
-1.15
♦1.15

♦1.95

4-1.40
♦1.45

♦1.55

♦1.65
♦1.85

♦9.10
49.66
♦4.60
47.60
49.40

+10.0
+10.3
♦10.56

♦10.70

♦11.00

♦11.50

♦11.90

♦19.20

♦13.90

♦1.15

-0.90
-1.10
-1.30
-1.40
♦1.40
♦1.69

♦1.69

♦1.65
♦1.70
♦1.75

♦1.90
49.05
49.70
♦4.80

♦8.40
♦10.60
♦11.55

♦11.90

♦12.85
♦19.45

+11.65
+19.96
+13.30
♦13.60

(9)

2.8

(3)

3.9

Fig.2(a)

40.95
-0.95
-0.46
-0.60
-0.76
40.75
40.96
+1.10
+1.92
+1.30
♦1.40

♦1.57

+1.76

♦3.90

♦6.90
+7.76
♦8.07

♦8.30

♦8.40

+8.60
+8.80
+9.1
+9.15

(4)

5.4

+1.15
40.75
-0.35
-0.55
-0.75
40.75
40.85
+1.05
♦1.20

+1.96
+1.30
♦1.40

+1.55
♦1.90

+3.20
+5.45
♦7.30
+8.40
+8.70
♦9.05

+9.20
+9.35
+9.40
+9.66
+9.66

(5)

6.9

♦1.90

40.20
-0.20
-0.50
-0.70
40.70

♦1.05

♦1.90
+1.X
♦1.40

+1.45
+1.65
+1.85
+3.20
+5.45
+7.30
♦9.20

+9.60
♦9.80

♦10.00

+10.10
+10.20

(6)

7.9

tiotet Curve 1,2,3 have been plotted from the reading
of 1/10 senstivity (vhleh are not given in the
table).
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3- In order to study the relationship

between id and concentration of the complex,

mixtures containing equimolecular (0.01M) quantities

of the reactants (0.5 ml to 3.0 ml) were prepared

using l.OM potassium chloride and phthalate buffer

of pH 4.0. Various results are recorded belowi

TABLB Mo.8,

rrent PQ^ffrteaA flft-ta. of thf mixtures cont^*'
*rr-w*7rr\w:-m>[fWAr'AP.wrrrnTM**%wTr
incrtaslm saountVof mtroaQfan^cn*.

PlLAafi
Senstivity
Mixture
Voltaga

+0.10
40.08
40.06
40.04
40.02
40.00
-0.00
-0.02
-0.04
-0,06
-0,08
-0.10
-0.90
-0.30
-0.40
-0.60
-0.60
-0.70
-0.80
-0.90
-a.oo
-1.10
-1.90
-1.30
-1.40

ovBjBjsasmmMBsjmsmsjBmmm

Curve

Diffusion
Current

+1.86
40.25
-0.70
-0.90
-1.00
-1.20
♦1.20

♦1.30

♦1.36
+lr40
+1.40
♦1.47

+1.68
+9.32
♦3.63
♦3.80
+3.90
+3.90
+4.00
+4.01
+4. H

+4.25
+4.35

+5.50
+7.80

mmaw mBmawamej

(7)

1.8

♦2.10

-0.60
-0.75
-0.83
-0.96
+0.96
♦1.05

♦1.10
♦1.16

♦1.90
♦1.90

+1.46
+2,87
+6.00
+5.30
+5.40
+6,50
+5.60
+5.70
+5,80
+5,96
+6.00
+6,70
+9.30

«'•• • • m

(8)

3.6

♦2.10
+1.28
-0.06
-0.57
-0.72
-0.95
+0.95
+1.03
♦1.10
♦1.13
♦1.17

♦1.20

+1.30
+2.75
+5.90
+5,30
46.46
46.56
46,60
46.65
+5.75
46.8O
+7.90

(9)

4.8

Fig.2(b)

+2.90
+1.30
-0.36
-0.60
-0,66
-0.86
+0.86
40,95
41.05
+1.15
♦1.22

+1.36
♦1.75
♦3.36

♦7.00
+7.68
+7.70
+7.96
♦8.00
+8.15
+8.35
+8.60
+8.30

(10)

6.6

♦2.30
♦1.30
-0.40
-0.55
-0.70
-0.90
♦0.90

40.96
+1.06
+1.90
+1.30
♦1.40
♦1.78

+3.40
+7.85
+9.15
+9.56
+9.85

+10.00
+10.10
♦10.27

♦ioTso

(11)

7.0
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-8
£61pH 4,0 Current 1.10x10 aatper

Senstlvltyl 1/6 1 1/8 I 1/6 I 1/8 I 1/8 4~lZft
BUJBSa 1...1 A, .3 I 3 ,ITi i 8 T 9

Concentra- 0.333 0.666 1.000 1.333 1.666 2.000
tlon of
complex x
10-2M

Diffusion 3.45 5.43 7.66 10.90 13.8 16.7
current i,,

x 1.10x10
amperes

im*m*mmmm

Fig. 3
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(O) id vs % . (b) Ld v5 4 _

Pig.6.

o-o o-2 0-4 o-g o-a i-o j.2 1-4 1-6 la 2o

•> Concentration of complex xxo~2'fit



lABtff WQtlQ

UJU19M J&MtomLJDm HMMU mtJMM»W"k»»
pytanUal .flata, .ta^an ,at diTXtranti atigata ,qj. tftt
aascurr qoimMi
ftf .aafia m tA«

£ox-»Jift.«ixtur4 c<?nt,atalng UP al

T9lUW a\
! ,tAa xaaqtanta (0...0.1H) .In .HUP. Jft ftt
•PiH i4iiQi.il

Height (hcorr#)*taffusion currentJ Droptimi
of mercury Iat 1/9 senstivityl Seconds

mm. 3» 5.8 6.36

40.15 5.8 5.38

49.60 6.6 4.34

67.01 6.8 3.74

61.45 7.2 3.49

Fig.4

Plot of h and h.Vs id £!&*&

Plot of log -X—. Vs potential Flff.6
id~l

Plot of log 1 Vs l0* t f¥-7

• heorr. • hexp • hbaok

and hDa0j^ « 3a1 „,

(S.dxm17^^3)

£ ^7gc}
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Baattlta JsTsI MMRMJMtik

the reduction of the nltrosobenzene complex

of potassium aquapentacyanoferrate (II) is dependent

on pH of the medium, Three pH regions can be

distinguished,

(1) From pH 1,0-4,0, reduction takes place in

three waves. She first, rising directly from the

dissolution of mereury decreases, as does the third

most negative wave, where as the second increases.

Total wave height remains practically constant

(Fig.i curve 1-4), the half wave potential of the

second wave was sniffted from 0.10 V.at pfi 1.16 to

0.30 V.at pH 4.0, where as that of third wave was

shifted from 0.56 V.at pH 1.15 tc 0.83 V.at pH 3.0.

(2) At pH ) 5, the height of the second wave

decreases (Fig.i, curve 5-10). Another more positive

wave appears at (0.06 V.at pH 5.0), the height of

which la paractlcally pH dependent.

(3) At pH 10.6 the height of the second wave

increases again, the half wave potential 0.7 V is

identical with that of the free nltrosobenzene (Fig.l

curves 11-13) the results are summarised in table

Ro.U.

The simplest curve is observed at pH 4.0

where the limiting current of the single wave observed

is diffusion controlled as verified by the effect

of mereury pressure (Fig.4,5). Also the plot of logi
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against log t (Fig,7) provldesevedenee for a

diffusion controlled two electron transfer process.

The step height is also a linear function of the

concentration of the complex (Fig.3).

The waves obtained with mixtures containing a

fixed amount of the aquapentacyanoferrate (XX) and

varying amounts of nltrosobenzene and those of

mixtures prepared in the reverse order, have id

values that increase with the concentration of the

reaotants (Fig,2c) nltrosobenzene or aquapentacyano

ferrate (II) { but the values beoome constant at a

combining ratio Hi. •

The following scheme for the formation and

subsequent reduction of the violet complex is sugges

ted.

*Pm&P * C6H5H0 • '• (Cy5)a9%H0 +HgO
FenCy5C6H5N0+2H% 2e mFeIICy5CQH5saOH (2nd wave)

f#IXCF8c6H8WiOH+2H++9e« FeIICy5C6H8R8g (3rd wave)

This scheme is in agreement with the reported

polarographle reduction of nltrosobenzene (9) and

N-phenyl hydroxyl-amlne in this pH-range.

From the data obtained in the alkaline pH-

range, it may be concluded that the complex starts

decomposing beyond pH 6.0 and becomes quite un-stable

at pH n.o E| and id values of nltrosobenzene aquapen
tacyanoferrate (II) complex and that of mtrosobensene

at different pK-values are shown In Table No. 11.



It ajQdJL, i
W^t99°W\ *K«KTr^l7.;ari'

* aqftapaBvagranfffarratt (ID smlt* wl that of
aaas .

11.1 2.0 3.0 4.0 6.0 ; 8.0 | 8.8 8.3 ] 8.8 { 9.5 {10.6 { 11.0

(V.Vs S.C.8) -0,10 -0.15 0.29 -0.30 -0.60 -0.10 -0.16 -0.84 -0.88 -0.88 -0.89 -

(1*), 3.0 4.7 4.9 5.3 5.0 5.0 5.0 5.0 4.9 6.0 5.0

(3})n -0.66 -0.70 -0.83 . -0.83 -0.46 -0.66 -0.68 -0.59 -0.60 -0.65 -0.70

(id>n 1.8 0.70 C.SO 0.20 0.94 0.12 0.60 0.40 0.04 0.48 0.60 1.1

filSxsa

(%)j -0.63 -0.70 -0.82 -0.06 -0.08 -0.10 -0.12 -0.14 -0.10 -0.10 -0.10

<8jOn - - -0.36 -0.94 -1.0 -1.1 -1.1 -1.1 -0.7

Subscripts I and II refer to second and third steps respectively.
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ajiaaJB 9f UltgQgftbanaana with BaxaQYanofaixatiaK
Several mixed complex cyanides with organic

compounds of Fe(II) like (FeCygNHg^fd) FeCy^CHgNC^
(9), FeCy2(Phen)3, Fe(Cys) (dipy)^ Fe(Cy)4<Phon)*-|
FeCy4(dipy)9"| Fe(Cy)8 (CO)a (py) (3,4) and Fe(Cy)
(RCHaHC)J(8) and that of Fe(III) like Fa(Cy5) (NH3)(8)
and FeCy8(phK09)3"(7) are available in the existing
literature. Their synthesis and physico-chemical

properties, although, present some interesting feature

in the field of cyanogen complexes but very few referen

ces are available on the kinetics of interaction of

organic compounds with cyanogen complexes. Xhe notable

contribution in this field is due to s. Asperger (8),

who studied the effect mercuric ions on the reaction

velocity, between hexacyanoferrate (II) and nltroso

benzene. The effect of gold compound (AuClg) on the

rate of substitution reaction between Ph NOg and

hexaoyanoferrate (II) was studied by Yatsimerskil and

Orlova (9). The reaction
4- Hj»0

AttClJ + 4FeCy6 ♦ 2 PhKOg £
AuCyJ ♦ 2FeCyj{~ ♦ 2FeCy5 PhM>|-

was first order with respect to the Au concentration

and found to be independent of the FeCyg concentration
which was taken in excess. A mechanism was proposed

for this reaction to which the lowest stage of the

reaction reported, was the formation of FeCygHgO •

Nothing has been so far reported in the



literature on the exchange reactions between the

hydrolytic decomposition product of hexacyanoferrate

(III) and organic compounds parallel to exchange

reactions between hydrolytic decomposition product of

hexacyanoferrate (II) and organic compounds. Therefore,

It was thought worth while to study this aspect of

reactions. However, we observed substitution reaction

between hexacyanoferrate (III) and nltrosobenzene in

presence of mercuric ions, in dilute solutions.

Prilimlnary observations revealed the following

interesting facts.

(1) On keeping the mixtures of nltrosobenzene and

hexacyanoferrate (III) in Various proportions for

several hours no change in colour was observed.

(2) In presence of small amounts of Hg**ions a

slow change in colour from yellow to light green, then

bluish violet and finally a wine red or flesh col ourj

wss developed. The change in light green colour rea

lised in early stages was also observed when small

quantity of Hg** was added to hexacyanoferrate (III).

(3) The flesh colour on keeping for half an hour in

sun light or under a bulb of white light or on heating

for 10 minutes, slowly disappeared, but reappeared on

keeping In dark for several hours. Prolonged action

of sunlight or heat or white light brought about

change in colour from flesh to green and then to light

blue.

Keeping in view the above mentioned observations,
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the work d«soribed in this part of chapter carries

the spectrophotometry and pH metric studies on the

composition of the complex and kinetics of colour

formation under different oordltions.



Uj %juULJUULXk

taMsfjjtM JC avmUQna'

Hexacyanoferrate (III), rerystalllsed, was

dissolved in double distilled water and its strength

was determined voluaetrleally (10). Stock solution was

kept in amber coloured bottle and the solutions of

desired concentrations were prepared by diluting it.

Nltrosobenzene was prepared by the method of

Coleman et al (11) and its solution was prepared in

80 per cent alcohol.

Solutions of mercuric chloride potassium chloride,

potassium nitrate, potassium sulphate, potassium cyanide

and different buffers were all prepared In double distilled

water.

Apparatus i,

Unlearn 3P-500 spectrophotometer was used for the

measurements of optical density values (slit width 0,01

mm and silica cell of l cm thickness was used).

Backman pH-meter model H-2 was used for measuring

the pH.

Vosburgh and Coopers Method (12)^ Before carrying

out actual spectrophotometrlo studies on the interaction

of nltrosobenzene with hexacyanoferrate (III), absorption

experiments were performed with the complex at different

wavelengths in order to select suitable wavelength to

workwlth. Three solutions were prepared, each containing
—4

10.0 ml of 10 TI mercuric chloride, and No.i, 2.0 ml of

10*3M hexacyanoferrate (HI) No.2, 2.0 ml of 10~SM
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-9
nltrosobenzene No.3, 2.0 ml of 10 M hcxacyanoferrata

(III)and 2.0 ml of 10"^M nltrosobenzene. Total
volume in each case was made to 20.0 ml by adling

requisit amount of water. Absorption measurements

after keeping for 48 hours in dark were csrrled out

in wavelength region 360 m ^to 362 m (Table No.l)

Vosb&rgh and coopers method was used to determine

the number of complexes formed. Nltrosobenzene and
-2

hexaoyanoferrate (III) of the concentration of 1.0x10 M

were mixed in the ratios of hexacyanoferrate (III)

to nltrosobenzene as 3*1, 2tl, 3i2, 4:3, HI, 3t4,

2i3, H2 and 1«3 keeping total volume to 12.0 ml. In

each of the mixture was added 2.0 ml of 10* M mercuric

chloride and 25.0 ml of buffer of pH-8.0 to make

the total volume to 40.0 ml (it would be seen later

on that the optimum pH for the reaction to attain

completion). Kept in dark for 48 hours is 8.0 and

optical density values were measured in the wavelength

region 380 to 620 mu. Results are tabulated belowi



CURVE 1,2 AND 3 REPSESEN7

ASSOjePT/OA/QF HEXACYA/VOFE-

£_RA TEIIff ) AND N/TROSOBENZ-
•SHE RESPECTlVETy AT
DIFFERENT WAVE LENGTHS.

o-i •

3£o 33o 4oo 42o 44o A6o 480 6oo S20 SAo 56o 530

-+-WAVE LENGTH m^u
6oo 620
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Concentration of Hexaoyanoferrate (III) • 1.0xlO"^M
Concentration of Nltrosobenzene « 1.0xlO"jM
Concentration of mercuric chloride « 1.0xlO~*M

Wave
I Solution No,
1

length .11 Solution No. 8 I Solution No, 3

360 0.51 - 0.065

380 0.68 — 0.045

400 0.66 0.75 0.036

490 0.93 1.07 0.030

430 0.99 1.12 -

440 1.03 1.16 0.094

450 0.94 1.02 —

460 0.87 0.79 0.019

480 0.18 0.17 0.016

500 0.16 0.25 0.19

520 0.179 0.01 —

640 0.18 0.005 0.010

650 0.19 •
—

560 0.195 — —

680 0.19 — —

600 0.18 —
-

620 0.16 —
-

Curve (1) (2) (3)

Fig.l(a)
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YMtlUltll ejBJBjihlgafc h.xaeynor.rr.t. (HI) . 1.0xW;*M
Concentration of nltrosobenzene « 1.0x10 'M
Concentation of mercuric chloride • 1.0xl0**M

380 0.98 0.91 0.81 0.78 0.78 0.78 0.77

400 1.75 1.26 1.13 1.03 0.96 0.83 0.785 0.685 0.525

420 2.00 1.90 1.85 1.60 1.38 1.16 1.10 0.92 0.67

440 2.00 2.00 1.90 1.75 1.50 1.28 1.20 1.02 0.75

460 2.00 1.90 - 1.66 - - - - -

460 1.45 1.35 1.22 1.13 1.00 0.88 0.84 0.72 0.55

480 0.42 0.40 0.42 0.415 0.34 0.335 0.33 0.32 0.28

500 0.18 0.20 0.25 0.253 0.22 0.228 0.238 0.24 0.245

510 0.18 0.198 0.26 0.262 0.76 0.238 -

590 0.85 0.208 0.27 0.27 0.28 0.26 0.260 0.27 0.278

540 0.195 0.225 0.298 0.298 0.30 0.27 0.286 0.292 0.302

550 0.202 --------

560 0.212 0.235 0.31 0.31 0.31 0.266 0.30 0.306 0.315

580 0.20 0.23 0.306 0.305 0.305 0.28 0.995 0.302 0.31

600 0.19 0.22 0.29 0.99 0.99 0.266 0.28 0.288 0.285

620 0.174 0,197 0.26 0.26 0.26 0.240 0.251 0.26 0.26

Curve (1) (2) (3) (4) (5) (8) (7) (8) (9)

Fig.l(b)
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For determining the complex ion formation by

the interaction of nltrosobenzene and hexaoyanoferrate

(III) by Job's method of continued variation, the

following four sets of solutions were prepared

(l.0xl0~8M concentration of reaotants for set I,
II \ 0.5xlO"8M, 0.667xlO~8M concentrations of the
reaotants for set III and IV respectively). Set I

was made up by mixing 4.5, 4.0, 3.5, 3.0, 2.6, 2.0

1.5 and 1.0 ml if hexaoyanoferrate (III) with 0.5,

1.0, 1.5, 2.0, 2.6, 3.0, 3.5 and 4.0 ml of nltrosoben

zene respectively. In each 1.0 ml of lO'̂ M mercuric

chloride was added and total volume was made to 26.0

ml by buffer pH 8.0. Set II, III and IV were also

prepared exactly In the similar fashion with the only

difference that the total volume was made to 20,0, 25,0

and 20,0 ml for Ilnd, Illrd and IVth set respectively.

Reaction mixture in each set were kept for 48 hours

in dark and optical density values were measured at

560 mA(the wavelength at which the maximum absorption

for the complex took place). The curves were plotted

between optical densities in different sets against

the fraction nitrosobenzene/nitrosobensene + hexacyano

ferrate (III). The optical density values of reaotants

at the wavelength 560 m^were almost negllble. Results

are tabulated belowi
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flASLS No. 3

Job's method, of continued Variation wavelength 530 • ^

.1 J | 'IN • ' ' I ' I " " • •" " "

Mixture I.,, JMlttal ndftBgUy .Valttaa •• ay
ISflti X I1 s<|t " * 8xt III i set IV

1 0.075 0.12 0.04 0.155

2 0.083 0.20 0.65 0.190

3 0.125 0.24 0.85 0.245

4 0.156 0.276 0.95 0.290

6 0.180 0.385 0.13 0.345

6 0.173 0.370 0.18 0.340

7 0.185 0.36 0.11 0.335

8 0.160 0.345 0.10 0.330

9 0.148 0.30 0.095 0.300

Curve (1) (9)

Fig .2(a)

(3) (4)

HjaL&X. jCaUo, .Mflttau

To determine the composition of the complex

three sets of mixtures were prepared. In first set

of mixtures 3.0 ml of 0.25xlO"aM hexseyanoferrate

(III) was mixed with 0.5, 1.0, 1.5, 2.0, 2.6, 3.0,

3.5, 4.0 and 4.6 ml of 0.25xlO"SM nltrosobenzene and
to each mixture was added 1.0 ml of l.0xl0"4M mercuric
chloride. Total volume was made to 20.0 ml by buffer

of pK 8.0, Other two sets of mixtures were also

prepared in the similar fashion with 1.0xlO"8M and
0.5xlO*9M concent ratios of the reaotants respectively.



Optical density measurements were carried out at

560 m.uafter 48 hours of mixing. Curves for each set

were plotted between the volume of nltrosobenzene

added Vs the optical density. Results are tabulated

belows •

%AljLB Ho.4

Mixture i Optical -t#n,fi}.tv Values
I I Rat III

1 0.056 0.15 —

8 0.078 0.215 0.030

3 0.105 0.288 0.076

4 0.120 0.340 0.155

5 0.140 0.400 0,230

6 0.156 0.455 0.260

7 0.17 0.60 0.30

8 0.175 0.63 0.335

9 0.182 0.655 0.375

Curve (1) (2) (3)

Fig. 3

Formation eonstunt of the complex»

The Job's method has been usefully employed

for determining the formation constant of the complexes

He and other authors (14-15) making the use of the

relationship between the concentration and extinction
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eoefficient oolculated mathematically these constants

for a number of complexes. Several modifications

have been given by Harvey and Manning (16) based on

spectrophotometrlo technique, but the method of

Moore and Anderson is of wide applications. Recently

Gupta and Sogani (18) used the method of Harvey and

Manning for the calculation of dissociation constant

of ferrlo trlazine complexes.

Dey and Mukherji (19) have studied the

composition and stability of lead alizarine sulphonate

complex and derived the equation for the formation

constant F for the general system

mA+nB m Am Eh

K* (a-mx> rem (1)
where x is the concentration of the complex and a,b

are the initial concentrations of the reaotants.

Taking two concentrations a^ aR(* a?>! b^ end b$ of

the reaotants giving the same O.D. i.e. the

value of x, we can have from equation (l).

" Cax-xHbi-xj " (aa-x? Ihg-x)

vhen m«n«i l.a, for 1:1 complex

am*l • ag if
(•x+bx) - (ag+bg)

(2)

,. tfL1 - h . . (3)

Knowing the value of x from equation (3) K can be

calculated from equation (2),

For determining the value of formation constant,



—96—

two sets of the mixtures comprising of unequal

concentrations of the reaotants (O.U10*2M hexaoyano
ferrate (ni) 0.05xlO""SM nltrosobenzene for first
set and O.IM hexaoyanoferrate (III) and 0.667 M

nitrosobensene for second set) were prepared on the

scheme of Job's method. Total volume in each set

was made to 25.0 ml by buffer of pH 8.0. The ionic

strength maintained at 0.4 by adding potassium chloride

ax «4.0xlO-4M, a2 • 7.33x10*^ and
bx «11.8xlO""4M b2 »9.0xlO-4M
For similar values of optical densities, Fig.2(t

the value of x from egn (3) came out as 49.45x10*' M
2

and K was calculated as 3.611x10 .

fl^BLE Ho. 5

Job's method of continued variation to determine
Tj." "i:* Vi'*.'.: "«rt«JV'«wV»' lio'v«l arwfch • S90 m. U—,Ti^iig7arr^TnTm'rvT»ma

Mixture

1

8

3

4

6

6

7

8

9

Curve

E
Optical density Values,,..

ZjBuJLm • • • '"ftt a*

0.095

0.098

0.095

0.196

0.16

0.18

0.99

0.90

0.16

—n

Fig.2(b)

0.10

0.195

0.15

0.165

0.20

0.846

0.266

0.940

0.225

*2T
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Kinetics of the reaction were studied under

the following sub-headings. The measurements of pH

and CD. values (at 575 m ) were carried out at

25 t 0.1°C by placing the different solutions in

thermostatic both.

Yar.liaUqn .m j>&»

For studying the effect of fixed concentration

of Hg** ions in the variation in pH with time of

nltrosobenzene, hexaoyanoferrate (III) and their mixture

the following three solutions were prepared.

No.l, contained 18.0 ml 10"3M nltrosobenzene,
18.0 ml of water} No.2, comprised of 18.0 ml 10~SM

hexacyanoferrate (III) 18.0 ml of 50 per cent alcohol

No.3, comprised 18.0 ml of 10~2M hexacyanoferrate (III)
and 18.0 ml of 10**"M nltrosobenzene. Bach of the

solutions contained 4.0 ml of 10"4M mercuric chloride.
Results are tabulated belowt

\n ir*iii • "iVt ti" 11

V^^tlon in pH with time for nltrosobenSene, hexacyano-
rerrate (III) and their mixture in presence of constant
amount Hg T ' '" ' " ' -J

Tise In I | pH
BiButvn |iMut;ion ti%,i.\ mSBm mMMSBBOO

5.8
5.46
5.30
5.28
5.29
5.30
5.33
5.35

T55

0.0 5.65 8.0
60.0 5.65 5.65

120.0 5.62 5.35
4.0 Hours 6.81 5.40
6.0 "» 6.60 5.45

24.0 • 5.58 5.48
48.0 • 6.55 5.60
79.0 • 5.50 5.66

Curve (3) (1)
Fig.4



The effect of varing concentration of mercuric

ions in the variation of pH of the reaotants was

studied by preparing two sets each of four solutions.

•jft I«

3.0, 5.0, 7.0 and 9.0 ml of J0"4M mercuric
chloride was added to 2.0 ml of 10"SM potassium

hexaoyanoferrate (III) the total volume was made to

20.0 ml.

3.0, 6.0, 7.0, and 9.0 ml of 10"4M mercuric
—2

chloride was added to 2.0 ml of 10 M nltrosobenzene

the total volume was made to 20.0 ml (Table No.8).

Results are tabulated belowi

Tafia ff Baal

Set JLi Kffoftfc of m«rourie chloride concentration An

9~f h«i«acysnoferrata (III)..
\rrrrir\*rw^im~.\'m*rrw'-M*TWT*r[*

«assmseme*«e>MSse*we>sm«as«ea«swma«p^ •

minutes ISolution I solution I Solution I solution
tlaal I Ko-g I Ho«a • H°*4

0.0
90.0
60.0

120.0
180.0
18.0

hours

Curve

4,8
4,45
4,05
3.96
3.95
4.10

"TTT

4,8
4.3
3.9
3.85
3.85
4.2

""T2T

Fig.8(a)

4.7
4.2
3.85
3.65
3.68
4.43

-T3T

4.66
4.16
3.75
3.60
3.50
4.30
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JMBBmsfcwBmeAi

fffept of mercuric fron .concenfr^lon iji th,<| yafUU°P

Time inl j_Hfi<—H—•niil.ii II • nil ii i ilttlfcyp .«!»•« m in mi huh •» 11—<—

minutes! Solution 1 Solution l 3oluti on I solution
J flo.il i-Jteal sJmmal 31. Hai

0.0 4.4 4.35 4.3 4.3

20.0 4.4 4.35 4.3 4.3

80.0 4.4 4.38 4.32 4.30

120.0 4.4 4.4 4.35 4.4

180.0 4.4 4.4 4.4 4.4

18 hours 4.35 4.4 4.5 4.5

Curve (1) (2) (3) (4)

* Fig.5(b) Scale II

The effect of mercuric ions concentration in

the variation of pH for the mixtures of hexacyanoferrate

(III) and nltrosobenzene was studied by preparing a

set of 6 solutions. Solution No.i to 8 each contained

2.0 ml of 10 M nltrosobenzene. The increasing amounts

0.0, 1.0, 3.0, 5.0, 7.0, 9.0 ml of mercuric chloride

was added in solution l to 6 respectively. Total

volume was made to 20.0 ml by adding requlsit amount

of water. Results are tabulated belowi
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> iinh i itttt ika i

gffect of mercuric chloride concentration in the
y.ftrlotion of pH wiVi fr me, of the nltrosobenzene and
h^anyanqferr"** (TTT) mi-tur«a of Btpial concentrationst

faa •rMiineii.au ii ~\ raw j m iiaei isaime ma aiw m mi — mm m rrnti -r TTT-r • • - I — •- —J •' BSSmmm SSmmmm ••

nW0 ***f _gj_„i ii .J • .ii iujl •• i I r I S-lt. .. -• I •• i •'••••
manHteal Hn.l I No .2 1 Wo.31 Ho.4 J—tifiJLJ—K9*£L

0.0 4.66 4.66 4.6 4.6 4.6 4.57

60.0 4.40 4.35 4.9 4.1 4.05 4.00

120.0 4.37 4.35 4.8 4.15 4.05 4.05
i

180,0 - - - - - -

240.0 4.5 4.4 4.3 4.16 4.1 4.10

390.0 4.60 4.5 4.4 4.32 4.9 4.15

24 hours 4.70 4.8 4.7 4.6 4.6 4.6

Curve (1) (2) (3) (4) (5) (8)

Fig.7(b)

The effect of reactants concentration (in

presence of fixed amount of mercuric chloride) in the

variation of pH with time was studied by preparing the

follow to sets of solutions.

38&JU.

0.0, 1.0, 2.0, 3»0, 4.0, 5.0, 8.0, 7.0 and 8.0

al of lO^M nltrosobenzene was added to 2,0 ml of

10*SM hexacyanoferrate (III) and 2.0 ml of _0"4M

mercuric chloride total volume was made to 30.0 ml

by requisite amount of water,

aa_ ii.

This was prepared by mixing the solutions in
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reverse order of Set I. Results are tabulated

belowt

.tfrfct; of andjmmgm rl»6Bs_aU% of m^r9ff^;na;na
jB .the, .variation of vh with .tlna for ma mixturea .ftontauUni

\ guantitlsa of he-acvanofeirrata (in.) anfl Tarcurig-

Hill. !••«

Time in

minutes,. ., •• . --•>-•
m^^__mmmmasmBmmm_Baaxs8asmi * w« smmmmamaayxsMPi

0.0

60.0

120.0

300.0

420.0

8.20 6,28

8.10 8.16

6.07 8.13

6.00 6.10

6,10 6,20

24 hours 6,30 6,35

I. Ill II' • ••II

Curve (1) (2)

-J2lL
.JloJLiaSl.ofla , ,-.,,.,..i..«.„.•. i i ,-.,..•,.•
1. "lI,A,-i 6 8 FT 7 1 3

8,26

6,20

8,20

6,20

6.30

6.40

(3)

6.30 6.40 6.40

8.90 8.90 8.30

6.90 6.99 6.30

6.26 6.27 6.40

6.35 6.38 4.45

6.45 6.60 6.55

. .mi ii» •«

(4)

Fig.5(a)

6.40 6,40

5,33 3,36

6.25 6.30

8.45 5.45

8.50 6.50

6.55 8.55
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HI fto.ll

Hl__<-(lQhengeT)g,l

5S^U-t-s-i BBS T __3 i I H I
0.0 8.00 8.10 8.16 8.15 5.20 6.20 6.30 6.32

30.0 5.85 5.90 6.10 6.10 - - -

60.0 8.80 5.90 8.00 8.06 8.16 6.16 6.20 6.20
120.0 5.60 5.70 6.80 5.90 6.00 8.10 6.10 6.10
420.0 5.80 5.90 6.00 6.00 6.25 6.30 6.42 6.50

24 hours 8.00 6.12 6.21 6.25 6.34 6.35 6.40 5.60

48 hours 6.20 6.20 8.25 5.32 6.50 6.60 5.65 6.70

Curve (1) (8) (3) Ml

Fig.6(b)

&£la&oj^ln_£J2»l.

8o variations in optical density values of

hexaoyanoferrate (II) end nltrosobenzene mixtures took
place in absence of Hg**ions. To study the effect of
mercuric ion concentration in the variation of CD with

time for the mixture of hexacyanoferrate (III) and

nltrosobenzene, following 6 solutions were preparedi
Solution Ro.l to 6 each contained 2.0 ml 10 M

hexacyanoferrate (III), 2.0 ml 10*SM nltrosobenzene, incre-
asing amount 0.0, 1.0, 3.0, 5.0, 7.0, 9.0 ml of mercuric
chloride was added in solutions 1 to 6 respectively.
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Total volume was made to 20.0 ml by adding requisite

amount of water. Results are tabulated below*

l4§Mf ,B9tlS

Time lnlT". „',. ,,,",, , -Ppttgal flanrjifrr lalBftg ,
minutes!Mixture]\ Mixture 1 MixturelMixturelMixturelMlxture

1 Ho.l i ffo.2 1 WQ..3.. IMO.4 IKQ.S 1HQ.6 ._.

0.0 0.09 0.04 0.046 0.046 0.046 0.046

60.0 0.035 0.08 0.10 0.124 0.148 0,164

120.0 0.06 0.114 0.145 0.164 0.18 0.195

240.0 0.105 0.164 0.186 0.198 0.91 0.224

360.0 0.145 0.18 0.198 0.20 0.22 0.232

24 hours 0.18 0.20 0.23 0.23 0.24 0.26

Curve (1) (8> (3) (4) (6) (6)

Fig.7(c)

gf.Cao.ti ,9f p&»

The effect of pH on the reaction velocity

was studied by measuring the optical density values

at different intervals at 560 m <4wava length for

the maximum absorption of the complex). Here too seven

solution each containing 2.0 ml of 10 M hexaoyano

ferrate (III), 2.0 ml of lO"aM nltrosobenzene, were
prepared. Solution 1 to 5 contained 1.0 ml of 10"*M
mercuric chloride and 15.0 ml of buffer of pH 4.9 to
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9.0. Sixth solution contained 15.0 ml of water

Instead of buffer and seventh 16.0 ml of water with

out merourie chloride for comparison. Results are

tabulated belowi

MM Bmmil.

of pH In the variation of CD. with time of the mixture^flw4 sManftlty of BMlgMaC. «»T SlT

Time in
minutes

F=• • I HI. » H.j. •• llll • I

4.0 5.9

Cattflnl flmnltv t«1mi
St
' 1 IWithout IWithout

3.0 9.2 1buffer pHJbuffer 4 Bf
• •m • mSL i I •— in"ti9 ii •m Mii.iBli ifc.Vi i i n______

6.8 8

0.0 0.01 0.09 0.09 0.02 0.010 0.010 0.00

30.0 0.037 0.083 0.085 0.024 0.02 0.030 0.00

60.0 0.047 0.11 0.136 0.076 0.46 0.068 0.01

180.0 0.07 0.176 0.186 0.018 0.05 0.180 0.015

360.0 0.083 0.20 0.21 0.023 0.168 0.230 0.046

24 hours 0.0155 0.28 0.985 0.029 0.285 0.30 0.065

48 hours 0.90 0.306 0.318 0.33 0.290 0.288 0.070

0.39 0,34 0.34 0.268 0.287 0.057

0.325 0.34 0.34 0.236 0.280 0.065

0.39 0.31 0.32 0.216 0.266 0.06

0.30 0.31 0.31 0.205 0.25 0.06

70 hours 0.24

94 hours 0.24

U6 • 0.23

138 • 0.29

-»#".--4ii

"•—— —•'• ^^

»'••••> •

Fig.7(a)

4+
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Optical density values at 130*** adnutea for the
J3Utj.l_3_i^_„.tia.,r.eA.,,?.nJL2 Qf. fiflujal.APJ^en.ttC•-Ima.
M differgnt HP

Wavelength 560 m/C Temp. 26°C

pfi 5.0 6.0 7,0 8.0 8.5 9.2

O.D. 120 0.132 0.142 0.173 0.28 0.17 0.236
Minute

Fig .8

To study tho effect of Hg*1" ions on the

reset ion velocity at pH Values 5.0, 6.0, 7.0 and

8.0 the O.D. values for the 4 sets of solutions were

measured at 26°C, at 560 m*at different intervals.
All the four solutions in each set contained

2.0 ml 10"9M nltrosobenzene 2.0 ml 10"3M hexaoyano

ferrate (III). In each set, Increasing amounts

0.1, 1,0, 3.0, 5.0 ml of 10* Mmercuric chloride

was added in solutions 1, 2, 3, and 4 respectively.

Total volume in each set was made to 20.0 ml by

required amounts of buffers of pH values 5.0, 6.0,

7.0 snd 8.0 for sets I, II, III and I? res; ectively.

Results are tabulated beiowt
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.•Plt B9tl8

__a -f* uttfinirf a «hl nrl ?1a __•__________!___ __J
rTtfr^FferTytrn8rrn^<T_r?p^m^r^^rr-i^

mixtures of reaotants of fl.qal _Qn.entrfiUona at
ptt •.«._ and ?»9f

i y • " '' -"• * * ' '' * *
** wL ••••

n_.nuti—ai l mm m l Mll ! „ - ..—

x 111*11 ii i • •• i '• a ""—".

»rftc-l density Values

A. I ft lft i TM,
0.035 0,035 0.35 0.350.0

30.0

60.0

120.0 0.084 0.132

15 hours 0.10 0.21

24 hours 0.123 0.21

48 hours 0.165 0.22

Curve

0.03 0.034

0.06 0.095

0.074 0.115 0.186 0.238

(1) (8)

0.04 0.04

0.15 0.195 0.068 0.12 0.169 0.90

0.078 0.139 0.182 0.255

0.085 0.142 0.21 0.27

0.012 0.22 0.31 0.37

0.09 0.21 0.36 0.37

0.09 - 0.375 0.38

0.14 0.26

0.263 0.34

0.963 0.34

0.263 0.34

(3) (4)

Fig.9(a)

(5) (6) (7) (8)
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lAM B9.lv

§ffect of mercuric chloride at P_ 7

pH 7.0 ^ JP« 8).0
Time in£
minutesL

Am——mm—«Ah I

'^i-J-ai' 55 fl*ri*itT valuea *

iTVFtTW: OJj
•__—! I—• . I—fH III IllllHI I III I I lA r rz

0.0

30.0

60.0

120.0

hours

5.0

7.0

94.0

30.0

Curve

0.04

0.06

0.06

0.066 0.137 0.25

~L-
—

0.45 0.06 0.06 0.043 0.047 0.05

0.13 0.902 0.246 0.05 0.185 0.17

0,16 0.23 0.97 0.06

0.30 0.06

0.166 0.23

0.206 0.26

0.05

0.73

0.255

0.30

0.65 0.205 0.30

0.07 0.23 0.34

0.08 0.30 0.51

0.09 0.30 0.61

0.338 0.07 0.275 0.324 0.37

0.365 0.075 0.31 0.355 0.425

0.485 0.08 0.37 0.39 0.66

0.69 0.096 0.39 0.40 0.59

(1) (9) (3) (4) (5) (8) (7) (8)

Fig.9(b)

Sffeot of eonqentratlon of rtaQtanta on the reaction.
IBBg

The effect of reaotants concentration on the

reset ion velocity was studied measuring optical density

values of two sets of mixtures at 25°C at pH 8.0 (the

optimum pH of the reaction).

0.0, 1.0, 8.0, 3.0, 4.0, 5.0, 6.0, 7.0 and 8.0

ml 10~8M nltrosobenzene was added to 2.0 ml of 10"8M
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hexacyanoferrate (III) and 2.0 ml of 10*4M mercuric
chloride total volume was made to 30.0 ml by requisite

amount of buffer of pH 8.0.

J__LXL
This was prepared in reverse order of Set I

nltrosobenzene was kept constant. Results are

tabulated below*

TABLE No. 17

Effect of nltroaoben^ene concentration in the
____II_I__rof Eg Q.P. wjt,h SSI yS-R* SfSf^andQOfftgifting fixed amount of hexacyanpfprrgte _____ _nq
marm^rlG chlor^ ~t. PH 8.0

Time __5
minutest

ii i, i i iHi i aTlSMi

Optical density values,.
M1yfor9 N?S«

T i I 3 | 4 T I LJL I 7 I 8 i 9

0.0

60.0

140.0

Hours
10.0

19.0

44.0

68.0

92.0

Curve

0.01 0.013 0.035 0.042 0.05 0.050 0.050 0.050

0.012 0.025 0.05 0.06 0.07 0.075 0.80 0.084

0.013 0.032 0.058 0.074 0.09 0.104 0.118 0.13

0.013 0.048 0.014 0.126 0.148 0.20 0.246 0.29

0.014 0.085 0.014 0.18 0.25 0.29 0.338 0.41

0.014 0.115 0.206 0.235 0.35 0.39 0.435 0.52

0.014 0.145 0.235 0.26 0.39 0.435 0.485 0.58

0.014 0.135 0.230 0.248 0.40 0.44 0.495 0.6l

0.050

0.094

0.14

0.32

0.42

0.52

0.58

0.61

(!) (2) (3) (4) (5) (6) (7) (8) (9)

Pig.10(a)
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H_M 18-Ji

affect of heya«ynnoferrate (III) oonc«ntffiion.
fo'r"•__ flixtures containing flwflyuft, jT
Wa^^ mercuric ffhlorldffl at pfi ft-P.

TlJaa ml

ii Hi a ~ 1 i I

Optieal flffflnU* y*luM

. pry'*- • * •* - *
0.0

60.0

120.0

180.0

hours
10.0

18.0

42.0

0.014 0.016 0.016 0.016 0.016 0.016 0.017 0.018 0.019
0.14 0.033 0.038 0.040 0.041 0.044 0.048 0.050 0.056
0.014 0.042 0.048 0.052 0.054 0.055 0.060 0.079 0.075
0.014 0.048 0.066 0.063 0.064 0.076 0.080 0.088 0.084

0.14 0.070 0.088 0.11 0.188 0.14 0.015 0.016 0.172
0.03 0.13 0.138 0.145 0.16 0.156 0.17 - 0.198
0.03 0.165 0.16 0.157 0.172 0.183 0.195 - 0.24

Curve (1) (8) (3) <*> (»> <*> <*> <8> <9>

Pig. 10(b)

gffeet of ^efitrolvtest

To study the effect of electrolytes on the

reaction velocity, measurements of optical densities

were followed at different intervals at pH 8.0 for the

following four solutionsi
—2Each solution contained 2.0 ml of 10 M

hexacyanoferrate (III), 2.0 ml of 10-2M nitrosobensene,
8.0 ml of 10"4M mercuric chloride and 0.0, 0.6, 1.0 ml
of potassium chloride (2.0M), potassium nitrate (l.OM)
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potassium cyanide (l.OM) in solution No.2,3 and 4

respectively. Total volume in each case was made

to 25,0 ml by buffer of pH 8.0. Results are tabulated

belowi

um n_ a i

jtftqtof ,al3_fo9l3rtej. ,1a ,,na „Yar.UUm ..f __ft|aal...
aanni-Y ,_im ,Usi_ fox ,Ui_ mixtures oC trfaa fl-wal ,
fi^Q,gn_rAtlon .o,f the react ants and Qqaa.afit cmsantra-
Uon of ra.rcqric, chlort, -e at „bS.fl..Q,

fime in! ', , QBt-Bttl SSS YfUaa
minutesiWithout KC1 KN03

Ielectrolyte!Mixture * Mixture I Mi
XCN

Mixture

0.0 0.030 0.027 0.028 0.030

60.0 0.047 0.036 0.045 0.030

120.0 0.550 0.046 0.050 0.030

hours
5.0 0.086 0.073 0.078 0.030

7.0 o.io 0.092 0.97 0.030

24.0 0.17 0.165 0.166 0.030

96.0 0.181 0.016 0.166 0.036

Curve (1) (8)

Pig.U

(8) (4)

.ftf.J-an_r.at__„fis

Temperature effect was studied by measuring

O.D. Values at temperatures 20°C, 25°C, 30°C and 35°C

at different intervals for the solution comprising

of 4.0 ml 0.05xl0"2M hexacyanoferrate (III) 4.0 ml

of 0.05xlO"aM nitrosobensene, 2.0 ml of 1.0x10"^
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mercuric chloride and 30.0 ml of buffer of pH 8.0.

Results are tabulated belowi

TAff,g Ho-20

Effect of temperature in the variation of optical
rfanaltv with. *-\l* for th» mixture-a of ftQUal -_^0-_at£a-
Uaa-of, thft rnactsntn flontslnlnr aaaa anount WL
isereurie chloride at Pfl 8.Q

riwm ml optical density values _
mLnutoal %qOq T 25oc 3o°c 35 c
_ , n, 1 j| 1*1 • - — - '•*• •'- ••

0.0 0.015 0.015 0.020 0.020

60.0 0.028 0.032 0.038 0.040

120.0 0.037 0.044 0.060 0.056

180.0 0.044 0.051 0.059 0.070

240.0 0.048 0.058 0.066 0.076

300.0 0.054 0.060 0.070 0.680

360.0 0.058 0.065 0.074 0.086

480.0 0.060 0.070 0.079 0.090

Ml|| • I 1„, I 1 1 1 • 1 1 1 . 11 1 1 —1 1 • I -,-•—— 1 1 •• • 11 • 11 11 11

Curve (1) (8) (3) (4)

Pig.12
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__•____• .Bo,1,81

•Ptlsal a_M-8ltt at _•____ m*m**V

Temp.°c 80 25 30 35

0#D*180 0.037 0.042 0.060 0.060

1/TxlO"3 3.41 3.38 3.33 3.25

log 0.0.iao -1.4318 -1.3665 -1.3010 -1.2518

Pig.13

___B_Ul _•_ _tM_6Jmm«omttl

j_«b__i_#m
and ,_o.-lax«
i_usq_tigq^ J__3a-a__8a£triLa*.gM.LLU?,. Altf.P.aobeme.no,

jLo£_a_Li
—3

Maximum absorption for 1.0x10 M hexaoyanoferrate

(III) took place at 440 ma. No maximum was realised

in the case of nitrosobensene (1.0x10* M). The

optical density was found to diminish continuously

from 360 m ^onwards Pig.1(a) curve 1,2 and 3). Maximum

absorption for the flesh coloured complex (obtained

by mixing i.0jtiD~8K of reaotants in the ratios of

hexaoyanoferrate (in) to nitrosobensene as 3U, 2si,

3s2, 4s3, HI, 3s4, 2s3, ls8 and 1*3 (at ph 3.0) took

place at 560 m/UPig.l(b) curve 1-9). As is evident

from (Pig.1(a) curve 1,2,3) the absorption of nitroso

bensene and hexacyanoferrate (III) is si most negligible

at 660 •/£• Bxistance of one peak suggested the

formation of only one complex. (Pig. 1(b)).
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g-B-Qsltlon and formation constant of th» conLi_,ffi

The plots of O.D. Vs the ratio C8H6N0/K3PeCy6+

G&5m Cyl«.8 a curves 1,8,3 and 4) for Job's method

of continued variation indicated the formation of lsi

complex. The results of the plots of molar ratios

method (Pig.3 curves 1,2,3) also confirmed the existence

of isi complex. The formation constant K of the complex

employing method due to Dey and Mukherjee utilising

the curves 1,2 Pig.2(b) came out as 3.8llxl02.

ejftgftne.
^k pa ^r h^aovanoforrate {II_*r *ft_™°-
M\i their mixture 1n presence of Hy^qn.JB;

As is evident from Pig.4 curve 1 that the pH

of hexacyanoferrate (III) in presence of merourie ions

first decreased and then increased slowly and finally

become constant after 48 hours. The Variation in pH

of nltrosobenzene under similar conditions is almost

negligible (Pig.4 curve 2). During the interaction of

nitrosobensene with hexaoyanoferrate (III) in presence

of mercuric ions the pK first decreased then increases

slowly and finally become constant as the reaction

proceeded to completion. The rate of decrease of pH

was relatively higher th_n the rate of increase.

Proo Pig.5(a) it is evident that with helgher

concentration of mercuric ions more pronounced decrease

in pH is realised. But with lapse of time pH increases

and becomes almost constant after 48 hours. Ro effect

of mercuric chloride concentration is observed in the

Variation of pH of nitrosobensene Pig.5(b).
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The variation in pH with time in presence of

increasing amounts of nitrosobensene (0.026xlO~2M

to 0.2x10-%) of hexaoyanoferrate (III) (0.1xlO*2M)i
containing fixed amount of mercuric chloride (O.SxlO^M)

was followed first with a decrease and then slight

Increase as in previous oases achieved. The same

course of variation in pH was observed for mixtures

containing fixed amount of nitrosobensene but varying

concentration of hexaoyanoferrate (III) (0.025xlO"'2M

to 0.2xlO"aM) in presence of 0.5xlO"**M mercuric

chloride. But the effect of nitrosobensene concentra

tion was more pronounced as compared to the concentra

tion of hexaoyanoferrate (III). Plg.6(a),(b).

The variation in pH with time in presence of

varying amounts of mercuric chloride (0.05xlO"4M to
—4

0.45x10 M), of the mixtures of nitrosobensene and

hexaoyanoferrate (in) (each concentration of O.lxl0~2M)

followed the same behaviour as in the above two cases

Pig.7(b).

8f,ft ,t of _U

Prom the curves Pig.7(a) obtained by plotting

O.D. of the mixtures at different intervals for

solutions containing 0.1xlO*"2M nitroaobensene, 0.1xlO"2M

hexacyanoferrate (III) and 0.06xlO"4M mercuric chloride

at pH Values 4.9, 5.9, 8.8, 8.0, and 9.2 it is evident

that the velocity of the reaction is maximum at pH

8.0. The plot between pH and O.D. (measured at 120th
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minutes O.D. 180) give peak at pH 8.0.

The effect of mercuric chloride concentration

ranging from O.OOSxlO"4 to 0.25x10-% on reaction

mixtures prepared by 0.1xlO"2M hexacyanoferrate (III)

and nitrosobensene at pH values 5.0, 6.0, 7,0 and 8.0

is diplcted in Pig.9(a),(b). It is evident that

increase in the concentration of merourie ions increases

the velocity of the reaction, but the maximum effect

was observed at pH 8.0. Therefore, it may be very

safely concluded that both mercuric ions and pH of the

medium play important role during the progress of the

reaction.

gglaet of raa-tanta mWkW&AUM at al i_ti

Prom curves obtained by plotting O.D. values

(measured at different intervals at 25°C) for ths

mixtures containing 0.08xlO"2M hexacyanoferrate (III)

and 0.08xlO"2M mercuric chloride, varying concentration

of nitrosobensene (from 0.04x10" Mto 0.32xlD~2M),

(setl)i it is evident that the reaction velocity is
dependent upon the concentration of nltroaobensene.

Similarly from the optical densities for

mixtures containing fixed concentration of nitroso

bensene and mercuric chloride and varying concentrations

of hexaoyanoferrate (III), it is found that the

reaction velocity is dependent upon the concentration

of hexaoyanoferrate (III). However the effect of

nitrosobensene is more pronounced than of hexaoyano

ferrate (III).
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aTXaftt iQf 8la8troJL7t,8-l'

The curves obtained by plotting optical density

values against time in presence of different electroly

tes (potassium nitrate, potassium chloride, and

potassium cyanide each 0.04M in mixtures containing

0.08x10-2m each of the hexaoyanoferrate (III) and

nitrosobensene and 0.08x10 M merourie chloride

Indicated that the reaction velocity is appreciably

decreased in presence of electrolytes. The effect

of potassium chloride was greater than that of

I otasslum nitrate. In presence of potassium cyanide

the reaction velocity was completely stopped. This

indicated that cyanide ions were evolved during the

course of reaction (Pig.11).

The influence of temperature was studied with

mixtures containing 0.1x10 Mhexaoyanoferrate (III),

0.1x10"% nitrosobensene 0.05x10-% mercuric chloride.

The reaction velocity was found to be temperature
o

dependent. The complex obtained at 80 C slowly

decomposed at 40°C. The plot of log of optical density

measured at 180th minute (l°S_o0*D*i2o) egainst 1/T

resulted In a straight line, whose slope corresponded

to an energy of activation a 5.45k.Cal/moleoule.

On the basis of above mentioned facts, the

reaction may be assumed to take the following course.



v
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(1) Hg** ♦ PeCyJ"" +Hg0
PeCy5(0H) ' +Hg (®i)* ♦ H

(8) PeCy5 (OH) + CflHallO^--^

'•Or8(<Va,IO>"" +©H*
Pol lowing the catalytic decomposition of

hexacyanoferrate (III)

(3) Hg(CK)* + PeCy6 +HgO^
Hg(CK)g +PeCy6<0H)" ♦ H*

(4) OH" e H4 %nsa H^O
(5) Hg(CH)s ♦ 8HgO ^ Hg+* ♦ 8HCH +20H*

Of these reaction (I) was a slow reaction

and followed with a increase in pH and was dependent

4+
upon both the concentration of Hg and hexaoyanoferrate

(III). (2) la fast reaction representing the formation
niof the complex (Pe Cy6 CgHgNO). Reaction (3)

represents the catalytic decompositions of PeCyg~~~

by the cation Hg(CH) and should be dependent upon

the cor*centration of PeCyfl""". since the variation

In O.D. was less marked with varying amount of hexacya

noferrate (III). This reaction should be slow than

reaction (1)$ reaction (4) represents the removal

of H* ions and reaction (5) takes place due to the

hydrolysis of potassium cyanide.

It appears quite probable that H ions which

liberated as shown in equation (i) were immediately

removed by the presence of OH"" ions in the moderately

alkaline solutions and therefore, the reaotion velocity
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was maximum at pH 8.0. In alkaline solutions above

pH 9.5. The reaction velocity, completely stopped

because the liberation of H* ions was completely

prevented in excess of OH* ions. Moreover in

unbuffered solutions in the intermediate stages of
mm

the reaction probably a competion between H and OH

to entre in the reaction took place and pH increased

only due to the hydrolysis of cyanide ions liberated

during the course of reaction.
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gJUULLMJm I2X

Interaction of 8-hrdroxyqulnoline 6-sulphonlc

acl. with gqxagy-nQfrr^nris«s

(Part I)
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1T_k/* 11* fV)h n f»/*vm n1trig .tttftlva m <h* •QQ«Q-3>tl,m.9f,
rme,4. i|nd kinetics of the reaction
an

A B£*M" '«> rns_«7I3_TP
____• __—______•—___ ——• ————a. _—_______—_____• __—_—— —. __—

TUT. 1 !*s_KT_!LZ.'J i_?T_M__5». TiTUST* I?
_ff

The hydrolytic decomposition of hexaoyano

ferrate (II) and the subsequent replacement of one

of the cyanide groups by ammonia, nitro or nitro-

sogroups under the influence of heat, light and

dilute aclde or in presence of small amounts of
Jj *i iSi Ai Ai * a

Or , Hg and Be has been reported by a number

of workers (iHo). Thus nitrosobensene can be

introduced to aquapentacyanoferrate (II) by replacing

the water molecule to give a violet eoloured complex.

We have observed similar type of exchange

reaction between the hydrolytic decomposition product

of hexaoyanoferrate (II) obtained in presence of

Hg**ions and 3-hydroxyquincline 5-sulphonic add

(potassium salt). This complex olive green in

colour was studied spectrophotometrically and pH

metrically.

Prillminary experiments provided the following

Informations

(1) At room temperature (25°C) no reaotion

between 8-hydroxyquinoline 5-sul phonic add and

hexacyanoferrate (II) appeared to be possible when

the reaotants were mixed as such. But when mixed

at the pH maintained between 3.5 to 4.5. Slow

variations in optical densities were observed and

it took several lays for the appearance of olive

green colour.
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(8) In presence of small amounts of Hg**, Cr***
++

and Be the reaction was found to be catalysed

at room temperature. After a lapse of few hours

an olive green complex was obtained.

(3) The above reaction was found to be dependent

on temperature, attained equilibrium (30 minutes)

when heated on a water bath.

(4) The Reaction was found to be pH dependent,

the catalytic activity of Cr***, Be** and Hg**

completely stopped in alkaline range.

(5) Ro change in colour In the mixture of

hexacyanoferrate (II) and 8-hydroxyqulnoline 5-

sulphonic acid with and without catalysing ion in

presence of small amount of potassium cyanide took

plaoe.

On the basis of the above information

provided by the above studies the following aspects

of the reaction were investigated!

(i) Spectrophotometric studies in order to

determine the composition and stability.

(ii) Spectrophotometric and pH-meric studies

on the kinetics of their interaction in presence

of Cr***, Be** and Kg++ions.
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v IB *f P^H^H|AL

jPPA^ATUSt

Baush and Lorab Spectromlc 20* was used to

determine the composition and stability of the

complex. Unichem SP-500 spectrophotometer was

used to study the kinetics of the reaction (Slit

width 0.01 mm, silica cell of 1.0 cm thickness

was used.

pH of the solutions were measured by Beokmann

pH meter Model Hg.

IttUmVsa-tt

__8mtma_8<t88JttOiU__| ____JJ8fc___Ui aglfll

Requlslt quantity of recrystallzed 8-hydroxy-

quinollne S-sulphonic add A.ft. was dissolved as

potassium salt in double distilled water.

HftKa-Yanofarjrata ill).

Hexacyanoferrate (II) A.R. quality was

dissolved In double distilled water and its strength

determined by the usual method. pH of 0.01M hexacyano*

ferrate (II) solution varied from 6.5 to 7.5 during

the course of one week. The solution was kept well

corked in amber eoloured vessels.

-fremfJMBh ImTmUmmfamgil J6Jmtf§l

Before starting the actual experimentation

on the Interaction of 8-hydroxyquinoline 5-sulohonlc

acid with hexacyanoferrate (II) by spectrophotometrlo

methods absorption experiments were performed with

the reaotants and the complex at different wave

lengths, in order to select suitable wave length to



-123-

work with, the following four sets of solutions

were prepared!

gat No.I Consisted of two solutions.!

MM Contained 1.0 ml of 10"% hexacyanoferrate (II)
1.0 ml of 10*% mercuric chloride; total volume

was made to 100 ml.

.at J___w_t

No.*. Contained 1.0 ml of 0.5x10"% hexacyanoferrate

(II) 1.0 ml of 0.5x10"% mercuric chloride, total

volume was made to 60.0 ml.

SfiiLXL-Again consisted of two solution. So.I contained

1.0 ml of 10"% 8-hydroxyquinoline 5-sulphonic acid,

1,0 ml of 10"% mercuric chloride total volume was
made to 10 ml. Ho.2;II contained similar quantities

of 8-hydroxyquinoline 5-sul phonic add and mercuric

chloride as given above but total volume was made

to 40.0 ml.

Optical density values of both the sets were

measured in ultravoilet and visible region.

_-it, __Ut_jJU

Nine solutions consisted of hexacyanoferrate

(II) and 8-hydrcxyquinoline 5-sulphonic acid of

concentration 1.0x10"%5 mixed in the ratios of

hexacyanoferrate (II) to 8-hydroxyquinoline 5-sulpho

nic acid as 3slf 2tl, 3s2, 4s3, lsl, 3s4, 2s3, ls2

and is3 keeping the volume 12,0 ml. In each of
-4

the mixtures was added 1.0 ml of 10 M mercuric

chloride and total volume was made to 30 ml. The
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optical densities of the solutions were measured

on keeping the mixtures for 24 hours in dark, in

wave length region 326 to 686 m .

Sat HP.XV,

Consisted of seven solutions prepared with
-2

0.2x10 K concentrations of the reaotants in the

ratio of hexacyanoferrate (II) and 8-hydroxyquinoline

5-sulphonic acid as 2sl, 3s8, 4s3, lsl, 3s4, 2i3 and

ls2 keeping the total volume 12.0 ml. To each

was added 1.0 ml of 10"% mercuric chloride and the
total volume was made to 30.0 ml by adding buffer

of pH 4.0 the optimum pH of the reaction.
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QpUo«rt deneitv values of haxflcyanarerrmtc (II) and
$-hvdroxraulnoline 5-aul phonic acid at different .
.aye JmSmkV

Wave 1 QPtlcal density; _ZZ
length IHexaeyanoferrate (II) i3-hydrQxyquinoline 5-

isolation I Solution 1 Solution I Solution
lital, ,. JL mJm I JtmJ I -UUJ

0.88

1.15

1.40

1.70

1.80

1.90 0.235 0.51

1.85

1.65 0.240 0.55

1.30 0.320 0.74

0.70 0.880 1.55

0.715 1.60

0.36 0.700 1.54

0.22 0.275 0.58

0.075 0.19

0.18

0.38

iim mm mi ii • i mini I •• I '• • ••• •» •» • I • •••••» _. • • •• ..im—n •

Curve (7) (8) (9) (10)

?ig.l

200 0.41

206 0.53

210 0.85

215 0.77

218 0.86

220 0.85

«J2«5 —i

225 0.74

230 0.45

240 0.25

245 •

250 0.15

260 0.09

270 —>

280 0.04

300 0.01



CURVE. 7. 1-0%10 m KuFe(cN)6
8. 4-Oxio'^M " "

Maximum at 220 mu
curve 9. •5*.tc~%iB-hydroxy

GLumoline sulphonic acid

CUkv£ 10. 0< 2Sxio~]!13-hydroxL)

Q.vinolme5-sulphonic
acid.

o"4o 360 3&° A00 420 4AO 460 A&o 500 52o 540 S60 5ao 600 620
Zoo 2iO 22o 230 24o 25o 26o 27o lao 29o 500 310

•*• PVHVE IE/VG TH .

Ratio of a- Fe (CN)6 and a- Hydroxy-
ou'moline 5-sulphonic acid-

Curve 1. 3-i >

2 2 i •

5.43 o

4- 3 2 o

5.1:1 o

6 23 *
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ifcftnHi* ______

V.eaRurgh and Cooper'a M*th^

. of the re^ty^,,
various wavt lengthil.Q:?tlf-^M) In .Iftarant ration at,vj_r_j

Un-buffered solutions) a*% li^y

iIm_h{ ¥ i vQPtl_al danaltr „ v ••
mluJ _ 3>1 _ g»l j 3s2 { 4s3 f Hi {3i4 f 2s3 \ ls2 { H3

- - - 1.30 1.30 -

0,52 0,75 0,95 0.90 0.75 0.70 0.66 0.60

0.28 0.44 0.62 0,60 0.49 0.44 0.43 0.41

0.25 0.35 0.45 0.47 0.43 0.39 0.41 0.39

0.26 0.36 0.44 0.47 0.45 0.41 0.44 0.42

0.20 0.28 0.35 0,35 0,35 0.32 0.34 0.33

0.12 0.17 0.22 0.21 0.20 0.17 0.19 0.18

0.07 0.10 0.14 0.13 O.U 0.09 0.09 0.08

0.07 0.09 0.15 0.12 0.10 0.07 0.75 0.07

0.07 O.U 0.15 0.13 0.10 0.08 0.07 0.07

0.85 0.12 0.18 0.14 0.11 0.08 0.07 0.07

0.07 0.10 0.14 0.12 0.09 0,07 0.07 0.06

0.07 0.08 0.12 0.11 0.07 0.66 0.06 0.06

325 -

350 0.62

376 0.34

400 0.25

425 0.26

450 0.19

475 0.12

600 0.70

525 0.70

550 0.80

575 0.85

600 0.80

620 0.70

Curve (1) (2) (3) (4) (5) (8)

ttg.l



-127-

lifififfj Mvt3

Q-,U?al fimaity. .y.aiue_ of Ha gUdaUDai.<af. .tha,
reftctgnts <,<\^~*WJn different raUog .at. .1
at variola .vave laretAa vSat.„I.Y.),«

Wave I
length} ? _a_MMS_ms_same_saBMammss, smm_-HM

j 3s2 f 4s3
gal, _M_88J_81 •

HI { 3s4 { 2s3 {
fc__ssam_sesj ssse^mmmasasaj i assss ami a —— s_sws__mj_l» __t_ •—J —i-

H2

325 —
-

— —
- - -

350 - - - - 0.95 0.775 0.96

376
- 0.86 0.90 0.85 0.77 0.775 0.80

400 0.86 0.74 0,80 0.80 0.75 0.760 0.78

410 0.85 Ml
-

—
- • —

425 0.90 0.76 0.85 0.82 0.78 0.770 0.76

435 0.90 Ml
- — - — —

450 0.80 0.60 0.70 0.60 0.47 0.500 0.45

475 0.60 0.42 0.49 0.42 0.31 0.330 0.29

500 0.53 0.36 0.42 0.36 0.27 0.280 0.25

526 0.56 0.39 0.47 0.39 0.29 0.310 0.28

560 0.60 0.43 0,52 0.44 0.33 0.360 0.33

576 0.62 0.44 0.64 0.45 0.36 0.360 0.38

600 0.58 0.40 0.51 0.43 0.36 0.380 0.43

626 0.49 0.34 0.44 0.38 0.35 0.370 0.47
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CmmkJmm1i-8_U

The following sets of mixtures were prepared.

__> I,

4.0, 3.5, 3.0, 2.5, 2.0, 1.6, and 1.0 ml

of 1.0x10 M hexacyanoferrate (II) was mixed with

1.0, 1.5, 2.0, 2.6, 3.0, 3.5 and 4.0 ml of 8-

hydroxyquinoline 5-sulphonic acid. To each mixture

was added 1.0 ml of 10" M mercuric chloride (and

2.0 ml of 2.0 M KC1 was added to maintainionie

strength constant) and 32.0 ml of buffer of pH-4

(the optimum pH of the reaction to make the total

volume to 40.0 Set II was also prepared exactly in

the same way as above with the 0.666xl0"8 concentra
tion of the reaotants at pH 4.0.

Both the sets were kept in dark for 48 hours

and optical density values were measured at wave

lengths 426 and 576 m/dlthe wave lengths found by

vosBurgh and cooper's Method!• The curves were

plotted between the optical density values for the

various mixtures against the fraction, 8-hydroxyqui

noline 5-sulphonic aold/8-hydroxy-quinoline 5-sulpho

nlc acid ♦ hexacyanoferrate (H) at wave length

575 mA(the absorbtlon of the reaotants was negligi

ble at 575 j»m). The difference of optical density

values of the complex and reaetantants against the

mole fraction mentioned above were plotted at 425 a

(since the optical densities for both the reaotants

at this wave length were appreciable).



\
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nm ifo>4

CafcU mm_e_m-l ffX 88Jmfm_smm-l Yarlatl-ft

Ho.
ire* _ , .Optical i.vfla.tT, X|lJ

mmVsBesjasmBjMi

_angth|l._
j^w^-^ It 978 V*I* 426Wi 676^^

, „., .I ya.i.ai .anntT. v.amaa
—Vijf A>——i i. i.i. iii hi. HiAi i a» ii.uk »—J——»
thlWave length XWave lengthlength!Wave length AWave lengthI Wave length

1 0.33 0.43 0.22 0.29

2 0.42 0.62 0.27 0.35

3 0.46 0.63 0.30 0.43

4 0.50 0.67 0.38 0.46

6 0.48 0.63 0.35 0.43

6 0.44 0.59 0.28 0.40

7 0.38 0.52 0.26 0.35

'" . " " " ' I " '• '' "• '•• •"'•' 'I • I—M—MMM—MM———M—MMM | M • II—M—MM—MM

Curve (1) (2) (3) (4)

Flg.2

* At wave length 425 the differeneea between optical
densities of reaotants and complex have been noted.

Molar Hatio «_thod-fHto qi^|

The composition of the complex by molar ratio

method was determined by preparing two sets of

solutions!

___tJLl

1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0 and 8.0 ml
—2

of 10 M 8-hydroxyquinoline 5-sulphonic add was added



l-o •

0-9 •

PiG. 2

Job's Method.

Qi- 8-hydroxy gumolme 5- Sulphonic acid'.

oi oi 03 o-A. o-s 06 0-7 o-a 09
ro rs to t-S

rs r

1-7

16

IS

14

* 1-2

5 *4
k

09

o-a

0-7

0-6

O-S

o-U

Pig. 3.

Molar JFglio Method

62 =8-Hydro%y auinoline
5-Sulphonic acid.

-e ©• 1

0-3
00 l-o 2-0 30 4-0 50 So 7-o a-o 90

— *- VOLUME Or HEXHCi/HN/OFEPRHTElS) OR Qmf.
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to 6.0 ml of 10"% of hexacyanoferrate (I I). To

each was added 1.0 ml of 10"% mercuric chloride

total volume was made to 30.0 ml by adding requisite

amount of buffer of pH-4.0.

ff_f) Iff*

1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0 and 8.0

ml of 1.0x10"% 8-hydroxyquinoline 5-sulphonic acid

was mixed with 4.0 ml of 10 M hexacyanoferrate (II)

To each warn added 1.0 ml of 10~% mercuric chloride

and total volume was made to 30.0 ml by adding requi

site amount of buffer of pH-4.0.

Optical density values were measured at 426

m and 575 m /<. Graphs for each set were plotted

between the volume of either of the react ant Vs

the optical density. Results are tabulated below

Malar ftat-9 aathod

Mixturol Optical density values

No. Ay,,,. . .„• 181 .-_.«_ . • I •••• mm ••Ufit tt| m —
T~4S>fi mmI 575 m a 1 425 Eg 1 575 j *<-..

1 1.10 0.48 0.72 0.37

2 1.18 0.64 0.79 0.41

3 1.23 0.60 0.82 0.47

4 1.27 0.64 0.90 0.50

6 1.30 0.68 0.92 0.63

6, 1.32 0.70 0.95 0.54

7 1.34 0.72 0.97 0.55

8 1.35 0.72 0.98 0.57

Cur^ (1) (25 T3) ?45
?ig.3
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1-2

11

1-0

09

o-a

R) 0-7

ii 0-6

OS

o-4

O 3

0-2

PiG. 4

SLOPE RATIO METHOD,

o-o o-5 l-o i-5 2-o 23 30 35

-*- volume of hexocyanofetrate (n) or
droxy auinolme ssulphonic acid

FiG. 5.

VARIATION OF /OH WITH TIMS

S-o _!_ _L _1_

o-o So 120 ISO 24o 300 3SO 420 460 540 600

>. TIME IN MSN/UTES

/
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ft_B_a JDallJ __att_8t»

To determine the composition of the

complex by slope ratio methods, two sets of

solutions were prepared.

Set I

-2
0,5, 1,0, 1,5, 2,0, 2.5 ml of 10 M

hexacyanoferrate (III) mixed with 6.0 ml of
-2

10 M 8-hydroxyquinollne 5- sul phonic add. To

each was added 1,0 ml of 10*% mercuric chloride
and total volume was made upto 40,0 ml by buffer

of pH 4.0.

J_tXe-

was mode up of solutions mixed in reverse

order.

Optical density values for both the sets

were measured after 48 hours at 426 ra^and 575 m/^

curves were plotted between the volume of Varying

reaetant Vs the corresponding optical density

values. Results are tabulated belows

mmmLmSm m ii-ti.i-S tmlkm

ftaaa lam Hathofl

Mixture! , ftptiQfll JMrnalg
No. I , , , 8fft ,1 _, , Set II

1428 *m 1575 b.aI 425 m^I 575 m

I 0.78
3 0.81
3 0.85
4 0.88
8 0.93

_- _--. ^ ^ ---.

Fig.4

0.32 0.50 0.24
0.36 0.54 0.28
0.40 0.57 0.32
0.45 0.60 0.36
0.49 0.65 0.40
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aUttlUtr am at gift'

Stability constant of the complex was determi

ned at pH-4.0 and constant ionic strength 0.2 m by

utilising the equation

K" Ux-x) (bx-x) (a2-x)(b^-x)

The details are given ( in chaPteripage quis ).

Utilising the curves (l) and (2) of Fig.2

the values of ax, &9\ bx and h? were found to be

2.625, 3.663, 9.878 and 4.662x10"% respectively
for similar optical density values* The value of x

came out to be 2.n8xl0" and & was found to be

2.5.307xl03.

ttmjtm-s-l Jmt Raagtl9B«

Reaction between hexacyanoferrate (II) and

8-hydroxyquinoline 5-sulphonic add was extremly

slow and was found to be catalysed by small amounts

of Hg**, Cr*** and Be** at room temperature. The

reaotion velocity was dependent on pH and increased

with increase in temperature, concentration of the

reaotants and the catyst.

Reaction kinetics were studed at wave length

(575 mA) at which the adsorption of the reaotants

was negligible. The studies were carried out in

thermostatic bath maintained at 20_0,1°C. The

reaotants before mixing were kept for about half an

hour in the both so as to attain the temperature of

the both. Optical density values were measured at



V
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different intervals during the course of reaction.

To study the effect of temperature on the

reaction velocity 2.0 ml of the solution from the

reaction mixture at different intervals, at different

temperatures was with drawn in a ice cold 8.0 ml

of water and optical density values were measured

at 576 m/t.

The following aspects of the kinetics of

the reaction were studied.

Variation ml af>

First of all the effect of Hg**, Cr*** and

Be**ions on the variation in pH with time for

hexaoyanoferrate (II), 8-hydroxyquinoline 5-sulphonic

acid and their mixtures was studied. The following

sets were prepared.

_8mVJU
-2

Solution Ko.l to 3 contained 1.0 ml of 10 M

hexaoyanoferrate, 1.0 ml of 10"% mercuric chloride
chromic chloride and berrylium nitrate in No. 1,2 and

3 respectively. Total volume was made to 20,0 ml

by adding requisite amount of water,

_8mVJwV

Solution No.l to 3 were prepared as above,

8-hydroxyquinoline 5-sulphonic acid was used in

Place of hexacyanoferrate (II).

Sat XII

Solution Ho.l to 3 each contained 1.0 ml

1.0x10"% hexacyanoferrate (II), 1.0 ml 1.0x10"%
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8-hydroxyquinoline 5-sulphonic acid and 1.0 ml of

10"% mercuric chloride, chromic chloride and
berrylium nitrate was then added to these solutions.

Total volume was made to 20.0 ml by water.

pH values of all the three sets were measured

at different intervals. Results are tabulated belows

TAlfcBK.p.7 „

Variation In p&

Time inl bJI
minutes* lit i I Sat Hi

I Soluti onl Sol u t i onl Slolutionl Solutionl solution! Solutic

0.0 6.10 6.10 6.10 6.40 6.40 6.4

60.0 6.45 8.35 6,30 7.00 6.80 6.7

rao.o 6.80 6.60 6,45 7.40 7.20 7.0

180.0 7.10 6.75 6.60 7.65 7.45 7.3

300,0 7.48 7.10 6.90 8.00 7.80 7,6

360.0 -
— —

-
—

-

420.0 7.70 7,40 7.20 8.20 8.06 7.8

480.6 - -
—

•
— —

540.0 -
—

- -
— —

600.0 7.90 7.80 7.70 8.30 8.15 8.05

24 hours 7.95 7.90 7.90 8.40 8.40 8.35

Curve (1) (2) (3) (4) (8) (6)

Pig.6
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After comparing the catalytic activity

of the ions mentioned above (it was maximum for

mercuric chloride) variation in pH with time of

mixture containing varying quantities of either of

the reaotants was studied. The following sets of

solutions were prepared.

S-t I

1.0, 2.0, 3.0, 4.0, 5.0, 6.0 of 10"%
-2

hexacyanoferrate (II) was added to 3.0 ml of 10 M

8-hydroxyquinoline 5-sulphonic acid. To each was

added 1.0 ml of 10 M mercuric chloride and total

volume was made to 20.0 ml by water.

_____&

Consisted of solutions, mixed in the

reverse order of Set I.



60

5-0

a-o

7-0

*
*>

6-0

FIG. 6(b)

EFFECT OF S?E/1C TANTS CONCENTRA TION

-I L _l I 1 1 1 1

60 120 180 420 300 36O 420 430 54o 60O

>- TIME IN MINUTES

e-o
O-o 60 120 ISO 24o 300 360 420 480 54o 600

*. JIMS IN Ml NUTES .

0-5

o-4

pH 4o

4. pr/ so

S pH6-0

6. pH 7-0
- 7. pH SO

Effect of pH and HFontht reaction velocity

_i 1 <_

00
_, 60 120 ISO 24o 300 360 4.20 4ao

0-06r
fPlG- 7.

Effect of pH on the reaction velocity .
-J .jbn- 4-o
2 pH j'o

.1. pn- 2S

-Z.-r4-.pH S-o

^r5 pH 60

OO 6° 120 " ISO 24o 300 360 420 490 540 600
•—** TIME IN MINUTES
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UJfcB Ho.,8.

£££fed ,qf
of uH i

concentration of the, e_______s___ in the
§-s,qlijHiggle

_lme inl «"
mlnutesT Set I

Tsolution]
_ L.No.l 3

[Soluti onlSolutionlSolutionli
[ No.2 X Ko.3 I No.4 X

jolutio
No ,5

nX Solutioi
I Ko.3

0.0 6.1 6.1 6.1 6.8 6.3 6.36

60.0 6.3 6.35 6.45 6.55 6.65 6.70

120.0 6.45 6.55 6.65 6.8 7.0 7.04

180.0 6.65 6.75 6.9 7.0 7.2 7.22

240.0 —
- - -

— —

300.0 7.0 7.18 7.3 7.8 7.65 7.70

360.0 e» —
- -

—
-

420.0 7.35 7.5 7.6 7.8 7.9 7.9

480.0 Ml
- - -

— —

640.0 - - -
—

-
—

600.0 7.65 7.7 7.9 8.0 8.0 8.05

24 hours 7.7 7.75 7.95 8.0 8.0 8.1

Curve (1) (2)

rig

O)

. 6(a)

(4) (5) (6)
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jflCjgl J_Lj8J|mt8JB)gmt_M_B qC-.tM?.TWtaBta,l^ ,tfo_
JMCjpH_3CLtOlaft,.(i^ gil_fj_____,»

Time inf _«_g » • ii • hi n ii . . i. mi... .miiii I mm i m I —•IW_j»m —• i•
minutest „ Sat XL ••

___s_____JB

jSoluti-XSolution!soluti-XSolutionlSolutionlSolution
!_• j____s_HbJ ImJ-e-JL iM X Ho.s I Ho_8

0.0 6.15 6.2 6.2 6.25 6.3 6.3

60.0 6.36 6.6 6.62 6.70 6.8 8.82

120.0 8.65 6.8 6.86 7.05 7.2 7.25

180.0 8.82 7.05 7.24 7.40 7.45 7.65

300.0 7.15 7.36 7.55 7.70 7.83 7.95

420.0 7.60 7.60 7.80 7.90 8.05 8.10

600.0 7.65 7.76 7.85 7,95 8.10 8.20

24 hours 8.00 8.05 8.10 8.15 8.16 8.20

Curve (1) (2) (3) (4) (8) (6)

fig. 6(b)

Effect of pH on Reaotion Velocity (Absence of catalysing

The effect of pH on the velocity of reaction

was studied by measuring the optical density values

at 30 t 0.1 C at wave length 575m^for a set of seven

solutions containing: 4.0 ml each of the reaotants of

concentration 1.0x10"2M. Total volume was made to
20.0 ml by adding requisite quantity of the buffer of

pH values 2.7, 3.0, 4.0, 5.0, 8,0, 7,0 snd 8.6 in

solutions No, 1,2,3,4,5,6 and 7 respectively.
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TaJM JaVJI

yfect of pH on the variation of Q.D. with tine

time
minutes

inj Optical density Values

egl • —-y i ii." i y "I?" " | 1 **f
{ 2.7 { 3.0 { 4.0 } 5.0 { 6.0 f 7.0 8.6

S<WsmMS<iaWmm_SjsasaTSSI —I — <mmmmmm SI 1 ia»ia»««isV'««Me-»M-«a-Wa_-l»wa^

0.0 0.01 0.01 0.01 0.01 0.01 0.007 0.007

60.0 0.016 0.017 0.020 0.014 0.012 0.008 0.008

120.0 0.021 0.025 0.030 0.018 0.014 0,009 0.008

300.0 0.036 0.041 0.048 0,030 0.020 0.011 0.009

360.0 -------

420 0.043 0,050 0.055 0.040 0.030 0.013 0.011

Curve (1) (2) (3) (4) (6) (6) (7)

Fig.7

Effect of pH on the catalysed Reactions

It was studied by measuring the optical

density values at different intervals for a density

values set of seven solutions, containing 4.0 ml of
-2the reaotants., each of concentration of 1.0x10 M

1.0 ml 10" M mercuric chloride (because the catalytic

activity of mercuric chloride was maximum). Total

volume was made to 20.0 ml by adding requisite

quantity of buffer of pH 2.5, 3.0, 4.0, 5.0, 6.0, 7.0

and 8.0 in solutions 1,2,3,4,5,6 and 7 respectively.

The results are tabulated belows
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laVli H9,.ll

Optical density with tlmai

0.0 0.05 0.06 0.07 0.07 0.07 0.07 0,07

60.0 0.10 0.136 0.30 0.21 0.19 0.17 0.15

180,0 0.24 0.30 0.46 0.28 0.245 0.20 0.19

300.0 0.30 0.37 0.525 0.305 0.27 0.225 0.21

480.0 0.365 0.425 0.56 0.32 0.29 0.245 0.82

24 hoursO.49 0.55 0.65 0.36 0.30 0.28 0.24

Curve (1) (2) (3) (4) (5) (6) (7)

?ig.8

From the above experiment it was found that

the optimum pH for the catalysed and uncatalysed

reaction was 4.0. To study comparative effect of

catalysist at this pH a set of three solutions, each

containing 4.0xlO"3M hexacyanoferrate (II) and
8-hydroxyquinoline 5-sulphonic acid) 1.0 ml l.OxlO"4
mercuric chloride, chromic chloride and berrylium

nitrate in aolution 1,2 and 3 respectively were

prepared. Total volume was made to 20,0 ml by buffer

of pH 4.0. The results are tabulated belows
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Fig. 9.

comparative j fee ct of hfcr+++ and bp+ o^ the reaction
VELOCITY AT pH 4-Q

60 120 130 24o 500 360 420 4so
*• TIME IN MINUTES.

FIG. M.

pig. 10

Dependence of the velocity of reaction ( curvelin
presence of Hy+* >-ons, curre(U) ii absence of

H^~i"*' Ions) onpH. For cur\/e I graph between o.j>
measured at 60th minute and for curve (u) measured
of 42oth minute Vs pH have been plotted, concentration
of reaotants 0-5 x/d~s m concn of HqO-i^io'^Mjfempso"c.

0-4o
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fiA_Mff ififfi 12

♦♦♦ -^ «*_♦♦*SQ,iKar.aUxa, t^ect of fla , .St ana H , MM
9n tfia reactlQn yal _gity m (4>0j

Time in]
ff-OWtfilli Solution so-11 Solution (Solution s_i1m

0,0 0.07 0.08 0.06

60.0 0.30 0.11 0.09

180.0 0.45 0.23 0.17

300.0 0.52 0.30 0.24

480.0 0.57 0.336 0.29

Carve (1) (2) (3)

Fig.9

Sf.favt M mmmtiUlUimM Jflaa nuc.unta*
The effect of concentration of the reaotants

on the velocity of the reaction at pH 4,0 was

studied by measuring optical density values at

different intervals for the following sets of

mixtures.

ahaWJU

1.0, 2,0, 3,0, 4,0, 5,0, 6.0 and 7.0 ml of
—2

10 M 8-hydroxyquinollne 5-sulphonic acid was added
—2

to 4.0 ml of 10 M hexacyanoferrate (I I) • To each

was added 1.0 ml of 10 M mercuric chloride and

total volume was made to 25.0 ml by buffer of pH 4.0

Sat XaV»

Solutions were prepared in reverse order.



FiG.u ca)

EFFECT OF 8-HYDROXY qUINOLINE 5- SULPHONIC ACID •

CONCENTRA TION/ .

->• TIME IN MINUTES.

60 120 /So 24o 3°° *$° A.20 U6°_i i i "'T 1 1 1 '

• — i i 1 1 • —» • •

O-o 60 l2-° 180 240 30O 360 420 430

*- TIME IN MINUTES

Pig.11 cb)

FFFECT OF HEXACYANOFERRATE ill)

CONCENT/PA T/OJV.

O-O 6o l2° 'a° 2^° 5°° 36° ^2o Aao
—: V TIME IN MENUTEs
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8-hydroxyquinollne 5-sulphonic acid was kept

constants. Results are tabulated belows

U4r3 UmU

agi4 M>.-,aot,lari, .velocity; AgQngg^tratlQR of hexsgyanoferrata
nil amalmnlK

«i« mil in •• in | »n mi« id • .in mi | mil mm ii I • ii i i m mm ii • mm »i» i» • n mi I n m in m i————»i I 11

minutestMixturelMixturelHixturetMixturelMixturel Mi xturel Mixture
^^•wa_»-^-s>-iaM-iia_wa»-_ieeWt-w-' sm_6mmsi mms_meVeis_smsfcs<ms>es|m--ejmsmsm

0.0 0.05 0.05 0.05 0.05 0.06 0.05 0.05

30.0 0.08 0.225 0.24 0.25 0.255 0.255 0.255

60.0 0.208 0.26 0.28 0.295 0.30 0.305 0.305

120.0 0.235 0.29 0.32 0.336 0.34 0.36 0.35

240.0 0.24 0.33 0.39 0.41 0.42 0.42 0.47

360.0 0.24 0.36 0.43 0.465 0.47 0.475 0.475

480.0 0.24 0.38 0.48 0.52 0.62 0.52 0.52

Curve (1) (2) (3) (4) (5) (6) (7)

Fig.11(a)
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ict of concentration of h*_,_«w_nrteA*»t»«»*_i /i

frail Kho-nic, acid fixed).
~M-<mnrr>\xMi-i'>ir.UT\'irrw'>*m •T7.rrrrr; iUiioilaa

Smte^JMixtureAMlxtur^ia
* 3 J 2 - 3—i m 1 fi 18X7

in wan «i i—wawj-»--»_a i_ann__.

0.0

30.0

60.0

120.0

180.0

270.0

420.0

Curve

0.07

0.23

0.316

0.39

0.45

0.50

0.60

(1)

0.07

0.25

0.33

0.41

0.49

0.57

O.l

(2)

0.07

0.26

0.345

0.46

0.54

0.62

0.70

(3)

0.06

0.29

0.40

0.48

0.60

0,67

0,74

(4)

Fig. 1Kb)

0.06

0.29

0.41

0.48

0.60

0.67

0,78

(5)

0.06

0.29

0.41

0.48

0.61

0.67

0.75

(6)

0.06

0.29

0.41

0,48

0.61

0,67

0.76

(7)

Sffact Of foreign clsctrolvtay

The effect of foreign electrolytes on the

reaction velocity was studied by measuring optical

densities at different intervals at pH 4.0 at 30 ♦ 0.1°C

for the following solutions.

Solution Ho.l to 4 contained 4.0 ml of 10"2M

hexacyanoferrate (II), 4.0 ml of 10~2h 8-hydroxy-

qulnoline 5-sulphonic acid, 2.0 mi of 10"4M mercuric

chloride. 2.0 ml of the fallowing- electrolytes *f-

(eoeltration 1.0MJpotassium chloride, potassium nitrate
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and potassium cyanide and the total volume was

made to 25.0 ml In each case by buffer of pH 4.0

Results are tabulated belows

uy •_____

Effect of potassium chloride, potassium nltgata.
pqtaaaiua cyanide on the reaction velocity!

Time inj . Qptlffal flanaltr Yalttas
minutesX Mixture X Mixture X Mixture {Mixture

l i I a U a 1—*
0.0 0.08 0.08 0.08 0.08

30.0 0.29 0.22 0.13 0.08

60.0 0.36 0.30 0.24 0.08

120.0 0.42 0.38 0.30 0.08

180.0 0.47 0.43 0.37 0.08

300.0 0.54 0.47 0.43 0.08

420.0 0.57 0.50 0.46 0.08

24 0.63 0.68 0.50 0.08
hours
im m u B urn i-iniM mm m hhi-kiwitt i ii • l urm-nrfii ri- ir_-_rrsi-n-t -f—lf-nrrT • 1 1—t • • • .. - •————.—

Curve (D (8) (3) <4>

Fig. 12

a_a__a8_M of TaaBaratarai

The effect of temperature waa studied by

measuring the optical density values at temperatures

30, 40, 45, 60 and 70°C at different intervals
at wave length 575. for the mixtures containing

4.0 ml of lO"aM hexaoyanoferrate (II), 4.0 ml

of 8-hydroxyquinoline 5-sulphonic acid, 2.0 ml of
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10~4M merourie chloride. Total volume was made

to 20.0 ml by adding requisite quantity of buffer

of pH 4.0. Results sre tabulated belows

T.A.B-JB Ho .16

Xn,fiti-nae of temperature on react-PH VtlQCltTl

Tim* lnl Qptflenl density Valttaa .
mlnutesX ^o, | ^o. { ^C j 70°C f a>°c

0.0 0.145 0.170 0.205 0.228 0.07

16.0 - 0.395 0.732 1.06 0.10

30.0 0.34 0.462 0.70 1.10 0.26

60.0 0.41 0.54 0.95 1.24 0.29

120.0 0.43 0.62 1.20

180.0 0.49 - 1.30 1.49 0.34

240.0 0.54 0.81 - - 0.42

300.0 0.67 - 1.42 - 0.45

360.0 0.60 1.12 1.50 1.62 0.47

420.0 - - - - -

480.0 - 1.18

540.0 -

^•^^B»^aMiB^BM8aam_mammj_BjsB_mam8*ee-^

Curve (3) O) <*> <*> <->

Fig.13
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V,^, after 3Q.fn<T11*-ft« nt lift

|f^ "[6.6. afier | log 6.6
.1.90 wlTHstaa t ••

30.0 0.26 -68.6xl0"8

40.0 0.34 -48.8X10"8

45.0 0.46 -33.7xl0"8

60.0 0.70 -15.5x10"

70.0 1.10 ♦ 4.1X10"8

ac,.i4

11/Temperaiure
,Ua9a0l-t.)—

.-3
3.30x10

-3
3.19x10

-3
3.14x10

-33.07x10

,-32.91x10



-146^

mmoi w wmHLULV
Absorption of hexacyanoferrate (II) S-bydfOxj-
^fnoUn« .-.^ingoni, Qcid nnd Bfl 9% MM CQffl_Xfi_,»

4 —4Maximum absorption for 1.0x10" M, 4.0x10 M

solutions of hexacyanoferrate (II) and 0.5x10* M
0.25xlO"4M 8-hydroxyqulnoline 5-sulphonic was
obtained at 220 m/tand 242 mmrespectively Fig.i.

Maximum absorption for the olive green complex

obtained by mixing 1.0xlO"8M and 0.2xlO"8M solutions
of the reaotants in the ratio of hexacyanoferrate

(II) to 8-hydroxyquinoline 5-sulphonic acid as

3H, 2sl, 413, 312, isi, 3s4, 2l3, ll2 and ls3 in
absence of buffer and at pH 4.0 (optimum pK for the

reaction) respectively in presence of 0.5x10" M

mercuric chloride took place at 425m4in the ratio

HI. But a small peak was slso realised at 575 •/_

in all the test tubes. (Fig.i curve 1-6) curves

for the mixture of the reaotants in the ratios, 3s4

H2, and 113 are not shown in figure!. Optical
density values at various wave lengths in unbuffered

and buffered solutions respectively are shown

in table 2 and 3. Absorption of 8-hydroxyqulnoil nss

6-sulphonic acid and hexacyanoferrate (II) was

negligible at 575 m/^

qoHipoaition of the complags

The plots of O.D. Vs the ratio 8-hydroxyquino

line 5-sulphonic acid/hexacyanoferrate (II) ♦ 8-

hydroxyquinoline 5-sulphonic add at wave length
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575 end the plots of difference of optical density

values of reaotants and product Vs the mole fraction

mentioned above at 425 mvindicated the formation

of 111 complex (Fig.2 curve 1,2 and 3,4 at wave

lengths 425, and 576 respectively).

The results of molar ratio method (Fig.3

curves 1,3 and 2,4 confirmed the formation of 111

complex.

The above results were further confirmed

from the plots according to the slope ratio method

(Pig.4, curves 1,3 and 2,4 at wave lengths 425 and

575 respectively), Evidence for the formation respec

tively of ill complex was again forthcoming.

YailaUgna In H

It is evident from (Fig.5 curves 1,2 and 3)

that pH of hexacyanoferrate (II) increased with time

and became constant after 24 hours. The variations

in pH with time are in the sequence Hg**^ Cr'̂ ^Be''*.
Ho variations in pH of 8-hydroxyqul noline 5-sulphonic

were realised. The pH of the mixtures of the

reaotants showed greater variation with time. The

order was again the same as mentioned above.

The effect of varying concentration of

hexacyanoferrate (II) or 8-hydroxyquinoline 5-sulphonic

acid (O.OSxlO"8 to 0.3xlO"8M) on the mixtures

containing fixed amount of 8-hydroxyqulnoline 5-

sulphoric acid or hexacyanoferrate (II) and mercuric



chloride (0.6xlO"4M) was followed with a increase
in pH in both the cases. The effect waa more ©ro-

nounoed with 8-hydroxyquinoline 5-sulphorie add

(Fig.6(a) J(b)).

Absorption data revealed that the effect

of pH was maximum at pH 4.0 (Fig.7). In the

alkaline range the reaction altogether stopped

Moreover it was observed that the O.D. values at

the optimum pH were much higher for the catalysed

reactions than the uncatalysed one (absence of

Hg**, Cr*** or Be**) (Fig.10 curves 1,2).

Experiments carried out at pH 4.0 with

varying concentration of catalysing ions (Hg**)

showed that the optical density increased with

Increase in concentration (Fig.8), The relative

effect of Hg**, Cr*** and Be** on the reaction

velocity is shown in (Pig.9).

From the observations mentioned above

it may be concluded that both pH and the concentra

tion of catalysing ions Influence the interaction

of hexacyanoferrate (II) and 8-hydroxyquinoline

5-sulphonic add.

From the curves Fig.ll (a), (b) obtained by

plotting O.D. values measured at different Intervals

for mixtures eontsining 0.15xlO*2M hexacyanoferrate
(II) and increasing amounts of 8-hydroxyquinoline
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5-sulphonic acid from 0,04xlO"2M to 0,28xlO*8M and

for mixtures prepared in the reverse order (containing
-4

0,04x10 M mercuric chloride) it is evident that

the reaotion is dependent on the concentration of

both the reaotants,

IQBm of ,alo.tir°lytaa»

Curves obtained by plotting optical density

values against time in presence of various electro

lytes vis,, potassium chloride, potassium nitrate

and potassium cyanide (each 0.08M) on the mixtures

containing 0.l6xlO"8M merourie chloride it is

observed that the reaction velocity is appreciably

reduced in presence of potassium chloride and potassium

nitrate. Negative salt effect was observed. In

presenoe of potassium cyanide the reaotion is completely

stopped. From the latter it was concluded that

cyanide ions were liberated during the course of

reaction.fFlg.l^J

e__fj_M_tta of Ig .ptraturai

Velocity was found to be dependent on

temperature (Flg.13). The plot of log of optical

density measured at 30th minute (log O.D.33) against

1/T resulted In a straight line (Fig. 14) whose slope

corresponded to an energy of activation • 16.75 K.

calories/mole. ,

On the basis of above mentioned facts, the

reaotion may be assumed to take the following course.

Let Q represents the molecule of 8-hydroxyquinoline

5-sulphonic acid and Hg++ as catalyst.
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I. Hg** 0Fe(CN7~—p. Fe(CHT^ *Hg (Of)*

II. Fe(CH)6Ha0^ ♦ =^___: Fe(CH)6 q* HgO
3-

III. Hg(GR)* Pe(CS)Q s^sfe Hg(CR)2 ♦ Fe (CH)5

IV. Hg(CN)3 +8HgO _=— Hg « 2HCH ♦ 20H

Amongst reaction (I) is slow and depends

upon the concentration of Hg** (Cr* *and Be**) ions.
While (II) Is a fast reaction representing the

formation of the olive green complex (F^mCCtOgQ)

and Is dependent on the concentration of 8-hydroxy

quinoline 5-sulphonic acid (III) represents the

catalytic decomposition of hexacyanoferrate (II) by

Hg(CH)* and is dependent on the concentration of

hexacyanoferrate (II). The stoichiometric reaction

(II) and catalytic reaction (III) proceed simultane

ously.

Reaction (IV) takes place due to hydrolysis

of potassium cyanide. Since potassium hydroxide is

the product of hydrolysis pH would increase with time

and would be dependent on the concentration of

hexacyanoferrate (II). The reaction should stop in

alkaline medium. This is what has actually been

observed.

Besides the mechanism given above product of

the reaction between Hg** and Fe(C*J)|" inweak addc
medium is probably the intermediate according to the

scheme.
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Hg***Fe(Cfi)J" ejem* (Fe(CH)5 HaO)3*^ (ON)*
Hg(CN)* +H*-*__«_, Hg** +HC8

and hence catalytic action should be negligibly

small in basic medium. This is has also been observed.

In addle solutions of hexacyanoferrate (IX) the

following equilibrium is possible.

H* +Fe(CM)2~ saaati <H ?o(CB)6) and
H* ♦ (H Fe(CH)g5' mm* (Hg Fe(CH)|")
Moreover it is well known that the smaller

the number of proton in complex ions, the easier

is the loss of cyanide ions. Consequently in higher

acid solutions of hexaoyanoferrate (II) the reaction

velocity should decrease. The two effect of H

suppression of the dissociation of H4 Fe(CK)6 and

regeneration of the catalyst, are in opposition am

this must lead to optimum pH (3.5-4.0) which is

actually has been observed.

Similar type of mechanism can also be

proposed, with Cr*** and Be** as/quite parallel
with the mechanism given by S. Aspeyer (loc. olt)

for the interaction of nitrosobensene with hexa

cyanoferrate (I I) catalysed by Hg** ions.
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faUroyraahig atadlaa an ^-h_1r.oar,^ln-ll<na
s,suiPhonate centacyanorerrato lit) complex!

In the existing literature large number of

references are available on the behaviour of quinolines

(2-6) (quinoline, B-n&pthoquinoline and quinollne

ethoxide) hydroxyquinolines (2-hydroxy quinoline,

8-hydroxyquinollne) and qdnoline oarboxylic acids

(18-14) (qulnoldinic acid, quinoline 8-earboxylio

acid etc. at d.ra.ej but its compounds with simple

or complex inorganic ions have not so far been studied.

The reduction of 8-hydroxyquinoline 5-sulphonic

acid pentac/anoferr ate (II) complex at d.m.e. was,

therefore investigated on the similar lines as in the

case of nitrosouensene pentacy&noferrate (II) complex

(1). Studies on 8-hydroxy quinoline 5-sulphonic acid

were also carried out on the parallel grounds to

compare reduction with that of the complex.

fixruqT.jfi.i'-.aii

i____x_l_ia*

Heyrovsky LP 55a polarogrsph operated manually

in conjunction with Pye sdamp galvanometer in external

circuit was used. A dropping mercury electrode having

drop time 4.32 sec. and weight of one drop a 0.0035 gms.

at applied potential of 0.0V (in O.SM KCl and phthalate

buffer of pH-4) at the height of mereury column 49.5 em.

from the tip of the capillary, was used. The polaro-
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graphic cell and the referenoe eleetrode (S.C.B.)

were kept immersed in thermostatic water bath

maintained at 25 - 0.1°C. Purified hydrogen was used

for deaeration. Btekmann pH-meter Model H-2 was used

for measuring the pH of the solutions.

L*

All the reagents used were of a.R. quality.

Double distilled water was used for preparing the

solutions. Solution of 8-hydroxy quinoline 5-sulphonic

acid was prepared by dissolving weighed quantity of

the reagent in hot water and the crystals from cold

were dissolved in potassium hydroxide at pH 7.0. Weighed

quantity of hexaoyanoferrate (II) was dissolved In
e

water and its strength determined potent!©metrically

against potassium permanganate. Mercuric chloride

solution was prepared by dissolving weighed quantity

in water.

To atudy the effect of pH on the reduction

steps, two sets of solutions were prepared. Set X

consisted of 27 solutions each containing 1.0 o.c,

0.02M hexacyanoferrate (II), 1.0 o.c, 0.2M 8-hydroxy

quinoline 5-sulphonle add, 2.0 c.c. of 10"T* merourie

chloride, 1.0 c.c. of l.OM potassium chloride and

20.0 o.c. of the different buffers ranging from pH

1.0-12.0, to make the total volume to 25.0 c.c. Set

XI was exactly of similar type but without hexaoyanoferrate

(II), containing 21.0 c.c. buffers ranging from pH 1-12

in total 25.0 c.c. of the volume.
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TAHLE No.l

Current voltage data of mixtures containing 8.0x10 JL
each of the hexacyanoferrate CII) and 8-hydroxyqulnolH__.
5-aulphonlc acid, 8.0xlO-°M mercuric chloride 0.04M DQtasslmP
chloride at different p>H values.

Potential
(-ve)volts
Sengtivj^yl

F
Sodium acetate and hydrochloric acl_

„<_qrrent , a
UlQ t 1/fi I 1/10

J_H.
1/10 } 1/10 | 1/3-0 I 1/lFT

0,00 0.95 - . 0.35
0.05 — - - 0.50
0.10 1.20 — - 0.80
0.15 - — - -

0.20 1.30 m - 1.15
0.30 1.40 - - 1.25
0.40 — —i - 1.30
0.50 1.50 - - 1.30
0.60 —> - 1.50 -

0.70 - 1.10 1.55 to

0.80 1.70 1.15 1.60 1.50

0.90 1.95 1.30 1.70 1,60
0.95 2.60 1.70 2.00 1,70
1.00 3.85 2.65 3.05 2.05
1.05 4.80 3.55 3.40 2,80
1.10 5.55 4.10 3.75 3.20
1.15 5.80 4.30 4.10 3,45
1.20 5.90 4.55 4.35 3,60
1.25 6,85 4.80 4.55 3.80
1.30 9.15 5.10 4.70 4.00
1.35 - 5.90 4.95 4.20
1.40 Out of

scale
7.50 10.40 4.45

1.45 - _» 5.95 4.75
1.50 - - 8.85 4.95
1,55 - em — 6.00
1.60 —

"

to 9,00

Curve (1) (2) (3) (4)

Fig.i

-0.05
•fO.40
40.80
1.15
1.70
2.00
2.15
2.25

5(B)

1,20
1.20
1.30
1.40
1.45
1.55
1.75
2.00
3.20
3.40

me

3,60

4.00

4.20

5.00

5(A)
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POTENTIAL (-ve) VOLTS

FIGURE 1

1.4 1.6 1.8
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I/HUSft.M

Potential i pH
(-ve) volt •I .

«
i ', KgSEa. ana fittrlc tti

Current A

Lfl tyi^rer

1 S3 1 3.0 & 4.0

0.00 9.66 9.78 9.60

0.06 9.78 9.80 9.78

0.10 9.86 9.90 9.86

0.16 0.90 9.98 9.96

0.80 9.96 3.06 3.06

0.36 9.96 «> 3.90

0.30 9.96 3.10 3.90

0.40 9.96 3.10 3.96

0.60 3.00 3.18 3.30

0.80 3.16 3.96 3.46

0.90 3.30 3.38 3.60

1.00 3.86 4.90 4.10

1.05 4.96 4.90 4.96

1.10 • 5.76 8.40 8.16

1.16 6.10 6.78 8.30

1.90 6.48 6.00 8.66

1.96 7.08 6.36 6.80

1.90 7.48 6.78 6.10

1.36 - 7.10 6.30

1.40 —> 8.0 6.60

1.45 . • 6.90

160 mm to 7.66

Curve (10) (11) (19).

?iS .4
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In order to study the effect of the concentration

of the reactants on the reduction waves, the following

three sets of solutions were prepared.

m i

Five solutions containing increasing amounts

of 1.0, 9.0, 3.0, 4.0 and 8.0 c.c. of 0.09M, 8-

hydroxy quinoline 8-sulphonio acid, 1.0, 9.0, 3.0,

4.0 and 8.0 c.c. of 0.09M hexacyanoferrate (H) 1.0 c.c.

1M potassium chloride and 9.0 c.c. 10"^i mercuric
chloride and 97.0 c.c. buffer of pH 8.0 in total

40.0 c.c. of the volume.

s«t II

Contained 8 solutions containing increasing

amounts 1.0, 9.0, 3.0, 4.0 and 6.0 c.c. of 0.09M

8»hydroxy quinoline 5-sulphonic acid, 1.0 c.c. 1M

potassium chloride, 9.0 c.c. of 10~*T* rasrcuric chloride,

97.0 o.e. of buffer. Total volume vas made again

40.0 c.c. at pH 7.0.

«|_MakJ__--B__toMh»

19 solutions 1 to 8 containing fixed 3.0 c.c.

of 0.09M hexacyanoferrate (II), 1.0 c.c. of l.OM

potassium chloride, 9.0 c.c. of 10*3* mercuric chloride,
98 c.c. of buffer of pH 7.0 and increasing amounts,

1.0, 8.0, 3.0, 4.0 as 8.0 and 6.0 o.c. of 8-hydroxy

quinoline 8-sulphonic acid in total 40.0 c.c. volume.

Solutions 7 to 18 contained fixed amount of 8-hydroxy

quinoline 8-sulphonic acid and varying amounts of
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hexacyanoferrate (II).

Sxaotly similar type of sets were prepared

in potassium hydrogen phosphate and sodium hydroxide

buffer of pH 7.0.

.Affitff MQtlS,

Currpn^ voUnffi. <_a.a of %ft* »0^_>rn*J95rBl .Mi. * ,^4-»
;^r„__lng _mount« f5_0. 10.0. 15.0. _?0.Q and .5.0x10 - M)
of each of the reacts!) t a. 0.098H sotflsalttffl -hl._lfl_tl

0«10",5M mercuric chloride at pH 8.0 in dipotassium
rffrbxiae fafltorT

Senstivity • 1/10

_tL_£«___r__I£fi_jr\tMTj&mTt_ MLUUJ

Potential Current A
(•ve) voltsi aoIttalCT K.g,

3 « 4 1 6
IfiuXftx

C mJ
-0.1

2 " 1" lonlv

0.00 -0.15 -0.90 -0.90 -0.96 40.18

0.08 -0.6 -0.1 -0.10 -0.15 -0.10 40.40

0.10 ^0.18 40.06 40.05 40.05 40.0 40.50

0.15 40.40 40.30 40.95 40.38 0.35 40.80

0.90 40.80 40.70 40.66 40.70 0.70 40.60

0.96 +1.65 4-1.55 ♦1.40 41.48 1.45 -

0.30 +9.14 9.80 49.10 49.26 9.30 —

0.35 +9.46 2.40 49.30 42.55 9.50 -

0.40 49.50 8.46 9.40 42.55 9.60 0.75
0.60 9.60 9.50 2.50 49.66 2.76 0.85

0.80 9.65 9.66 9.70 +9.86 9.85 1.00
1.00 9.80 2.78 9.85 49.96 3.00 1.90

1.10 3.10 3.00 3.90 43.40 3.85 —

1.16 . 3.86 3.95 4.55 5.00 -

1.90 3.30 3.80 4.70 5.40 6.05 1.35

1.96 3.30 3.95 4.85 6.90 6.70 -

1.30 3.35 4.90 5.00 6.00 6.90 —

1.38 3.40 4.45 6.16 6.90 7.90 to

1.40 3.56 4.65 5.85 6.40 7.35 •

1.46 3.70 4.80 _ 6.65 7.50 1.35

1.50 3.80 4.85 6.00 7.00 - 1.35

1.68 3.90 5.90 - - - -

1.60 4.16 5.50 — — — 1.60

1.65 4.66 . - « • •»

1.70 4.76 - • - — 9.00

1.80 5.40 e» - mm to e»

1.86 6.06 ee
•

ea>
•

3.10

Curve (1) (9) (3) (4) (5) (6)

Fig. 5
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4.0 6.0

VOLUME OF 8-HYDROXY QUINOLINE
5- SULPHONIC ACID ml

LIMITING CURRENT (i ) HAS BEEN

MEASURED AT 1.1, V. FOR EACH CURVE
(FIG. S)

FIGURE 9
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______ _J-____

Current voltage data of the solutions containing lS.O-aO"^
h,exflcyanoferrate C.I)t increasing amounts (5.Q. 1Q.0. lS.Qi
20.0. 25.0f 30.0xlQ-«)rt of 8-hrf1rQ_Yfl-lnol1r)a fi,su. phonic
as.., Q.026M ttQUaslua sill art fl. girt 5.QxlQ-5« afif-Uflc ,—

a 5 bH M An fll.9taiiilwi __________l __e__M_ii ana
•odlwa hydroxide H

Potential
(-ve) voltsj Si

T 8

Current
jH_5_-U-_u
I 3 I

SffllUY__r 1/6

1.1.

0.0 -0.45 -0.46 -0.45 -0.46 -0.46 -0.46
0.05 -0.26 -0.25 -0.25 -0.25 -0.25 -0.25
0.10 «0.lO -0.05 -0.05 0.00 0.00 40.10
0.15 +0.70 40.50 40.60 +0.50 40.50 40.60
0.20 +1.X +1.15 ♦1.15 ♦1.25 +1.25 ♦1.30

0.25 *°.65 +2.40 +2.45 +2.55 +2.45 +2.50
O.X +4.60 +4.15 +4.15 +4.40 +4.25 +4.30

0.35 • +4.70 +4.90 +5.00 +4.85 +4.35
0.40 +5.25 +5.00 +5.15 +6.15 +4.96 +5.10
0.50 «6.35 +6.30 +5.30 +6.26 +6.30 +5.25
0.60 +6.45 +6.35 +5.40 +5.35 5.40 5.40

Curve (1) (2) (3) (4) (5) (6)

Fig.7

___Q8UYittf. __/-_£

0.60 2.75 2.76 2.60 2.70 2.75 —

0.80 2.80 2.80 2.65 2.80 2.96 •

l.CO 2.115 2.96 2.80 3.00 3.00 -

1.10 3.05 2.10 2.90 3.00 3.10 2.90
1.20 3.10 3.16 3.00 3.10 3.25 2.95
1.30 3.20 3.40 3.70 4.10 4.30 4.30
1.35 3.60 3.96 4.60 6.30 6.70 6.00
1.40 3.50 4.00 4.80 6.00 7.20 8.10
1.60 3.60 4.10 4.90 6.10 7.86 8.X
1.60 3.90 4.30 5.10 6.15 7.60 8.40

Curve (1) (2) (3)

Flg.8

(4) (5) (6)
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Current voltage curves of the solutions

-4
containing increasing amounts (5.0, 10.0, 15.0x10 H)

each of the reactants, 0.028M potassium chloride,

5.0x10m5M mercuric chloride at pH 7.0 in dipotassium

hydrogen phosphate and sodium hydroxide are shown

in tig. 11 (Curve 1, 2 and 3 senstivity of the polaro-

graph 1/6).

Current voltage curves of the solutions

containing increasing amounts (5.0, 10.0, 15.0x10"TI)

8-hydroxy-quinoline 5-sulphonic acid under above

mentioned conditions are shown in fig.12 (curve 1,2

and 3 at 1/5 sensitivity)

Current voltage curves of the solutions

containing (1.0x10 M} each of the reactants, 5.0x10 M

mercuric chloride and increasing amounts of potassium

chloride (0.00, 0.005, 0.075 and 0.015M) at pH 8,0

are shown in Fig. 13 (curve 1, 2, 3 and 4 were recorded

at 1/5 senstivity)

Current voltage curvet inpresence of increasing

amounts of potassium nitrate (0.0, 0.025, 0.076 and

0.15M,curve 5-8) Sodium sulphate (0.0, 0.0125, 0.0375

0.075K, curve 9-12) and potassium chlorate (0.0, 0.175,

0.0375 and 0.076M, curve 13 to 16) at pH 8,0 are

shown in Pig.13.

Current voltage curves of the solutions

containing (8.0xlO~4M) each of the reactants, 8.0x10"^
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mercurie chloride and solution 80.1 with-out electro

lyte, 2 to 4 with (0.24N) lethium chloride, sodium chlo

ride (each at pH 7.0) 5,6 with (0.24M), calcium

chloride, barium chloride (each at pH 9.0) are

shown in Fig.14 (curves 1,2,3,4,5 and 6 are recorded

at 1/6 senstivity).

Current voltage curves of the above mentioned

solutions (1 to 4 at pH 8.0 in 1^04 and KaOH Eufferi

5,6 at pH 10.0 in HH40H and HH4d buffer) are shown

in ?ig,15 (curves 1,2,3,4,5 and 6 were recorded at

1/5 senstivity).
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The effect of eleetrolytes at pH 8,0 on t»e

reduction steps of hydroxy quinoline 6-suiphonate

pentacyanoferrate (II) was studied by preparing 16

solutions. Bach contained 2.0 o.c. of 0.02M 8-

hydorxy quinoline 5-sulphonic acid, 2.0 c.c, 0.2M

hexacyanoferrate (II), 28.0 c.c. buffer of pH8.0,

solutions Ho.l to 4,5 to 8,9 to 12 and 13 to 16

contained 0.0, 1.0, 3.0 and 6.0 o.c. of l.OM potassium

chloride, l.OM potassium nitrate, 0.6M potassium

sulphate and 0.5M potassium chlorate respectively

in total 40 c.c. volume. (Fig.13).

Xhe effect of alkali metals and alkali earth

metals on the reduction steps of pentacyanoferrate (II)

complex with 8-hydroxy quinoline 5-sulphonic add

was studied by preparing 12 solutions 1 to 6 contained

1.0 c.c. of 0.02M 8-hydroxy quln&line 8-sulphonic

sold; 1.0 c.c. of 0.02M hexacyanoferrate (II), 1.0

c.c. of iO-3M mercuric chloride. In solution Ho.l
3.00 c.c. water were added and in solutions 2 to 6

3.0 c.c. of electrolytes (lithium chloride, sodium

chloride, potassium chloride, calcium chloride and

barium chloride, potassium chlorid, each 2.0M) were

added. Total volume of solution Nc.l to 4 was made

up to 25.0 ml by adding dipotassium hydrogen phosphate

sodium hydroxide buffer of pH 7.0 and that of 5 and

6 was also made to 26.0 ml by ammonium chloride and

ammonium hydroxide buffer of pH 9.0 (since with barium
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chloride and calcium chloride phosphate buffer

gave precipitate). Solution Ho.7 to 10 and 11 to 12

were prepared as solutions 1 to 4 and 5 to 6 at pH 8.0
and 10.0 in the buffers mentioned above. The buffers

were added in different sets of solutions after

several hours of mixing the reactants. (Fig.14,15).

The nature of the electrode process was studied

by the methods «_s recommended by Zuman (15) at pH

8.0 (in dipotassium hydrogen phosphate and sodium

hydroxide buffer) for (I) and (II) steps of 8-hydroxy

quinoline 5- sulphonic acid and its complex with
hexaeyanoferrate (II) (The electrode process of step

(III) was studied at pH 9.0 in borax buffer).
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Limiting values the current at dlf _______ heights for (I). (II)
:i* ? fjp-* ^^^>1-^^^-gf^(^'^,^^--»• *: *,:inE _i'to'l?*"fr*y> •_ _*,i T^r

•-t Pti 8>Q

Height ofi
mercury
column

hcorr
In ,cj-.

!"| IOrop time in sec. I Limiting current (11)

J *u lat-0.40Vl al*1.45Viat -0.40V for lat -1.45V
ifor II Ifor I III wave ifor (I) w

I Iwave Iwave I i

Limiting current (11) ^ogi logt

>y V%or II f*or (I) {For (I) l*or (tl)
wave IwaVe Iwave fwave Iwave

1 I I I 1

31.0

38. 8

45.7

55.5

60.0

5.25

6,22

6,76

7.45

7.74

7.85

6.12

5.10

4.55

4.0

4.85

4.06

3.38

2.80

2.51

3.5

3.9

4.2

5,1

5.5

Fig.18

3.60 -0.0868 0.1303 0.8949 0.6868

4.2 -0.0868 0.U39 0.7868 0.6085

4.70 -0.0868 0.0969 0.7076 0.5289

5.15 -0.0868 0.0414 0.6580 0.4427

5.30 -0.0706 0.0414 0.6021 0.3997

Fig. 17

.
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Logarithmic analysis of the current voltage data

C_,r (U vava 9? tifte. laQlttUftn (rccntt^Ml afr9Vfi in.
Tat?_- Wq_19).

Potential jCurrent corrected for
(-ve) voltsXresidual current

I senstivity 1/10

1.00
-

1.10 0.20

1.15 0.25

1.20 0.30

1.25 0.36

1.30 1.00

1.36 1.75

1.40 2.00

1.45 2.20

Fig.lS

lOg m iA • nil
H-l

-1.0000

-0.8921

-0.8017

-0.7231

-0.0792

40.5898

♦1.0000
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___i

^r_-*e%

_r.|1vaig of tho current ypltiigo data
-J-E-3----0X. tftft solution urKi-g. __m fiondUloni

i.lgp-fl In ^a.lfl Kq.331

Potential iOurrent corrected for I xoe a.
(-«e) vcltslreniduul currentA^k I * lj-1

to——to— i. i i i • • » in i • I I i • • • _i» i»iM_to«—_——_totototomto_—i

1.16 0.10 tol.3820

1.30 0.80 -1.0607

1.35 0.30 -0.3653

1.30 0.80 -0.3373

1.36 1.90 -»0.5006

1.40 8.30 *1.0607

1.46 3.40 ♦1.3820

1.50 3.60

Fig.35
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XAr_uJB Hfii<26

MUgtlon.atTOfl 9f 8-hydr9gY flmnol
afflLfl ani U,1, -.i.lftx vl _n na-asy

1 nm R_ _u IrvK i

«rrm;r»t»f*

J 1Reduction ! | Reduction! I
pK tsteps of ( 1steps of 1 I

18-hydroxy 8?lg. II Curve! complex iPlg.iCurve
I I quinoline INo SKo. I iHo. iNo.

15-sul phonic I I 1
I lyM I i I I L

Sodium acetate 1.0-5.0 I 8 1-5 I,II 1 1-5
and Hydrochloric
acid

Potassium chlo- 1.0-3.0 I 3 7-8 1,11 8 13,14
ride and hydro
chloric acid

Dipotassium hy- 3.0*4.0 I 3 9,10 I,II 4 15,16
drogen Phosphate
and hydrochloric
acid •

Dipotassium hydrogen
phosphate and 3.0*4.0
citric acid.

X 4 10,18 1,11 4 1-3

ML sodium hydro- 5.0*6.0
gen phosphate &
citric sold

X 3 11,18 I,II 3 1,8

-do- 7.0-8.0 I,II 4 4,6 1,11 8 3,4

Dipotassium 6.0
hydrogen phos
phate and citric
acid

-do- 7.0-8.0

X

1,11

8

8

8

7.8

1,11

I,II

1

1

6

7,8

Borax 9.0-11.0 I,II ,111 8 9-11 1,11 1 9-11

Ammonium chlo- 9.0-10.0 I 4 6,7 1,11 3 5,6
ride and Am®onlurn
hydroxide

Disodium hydrogenil.O I,II 4 8 I,II 8 7
phosphate and
sodium hydroxide

-do- 13.0 - • • I,II 3 8



Dependence of . values °n .pH

Composition
1
Sodium

3 3 4
acetate and hydrochloric

5
acid

6 7
Dipotassium hydrogen

9 10
Borax buffer

ii

phosphate and
Hydroxide

sodium

Senstivity 1/10 1/10 1/10 1/10 1/10 1/10 1/5 1/5 1/6 1/8 1/5

8-hydroxy quinoline
5- sulphonate
penta cyanoferrate
(II).
(Ei) volt Vs.
S.C. 3.,-ve
(id>_ A
Senstivity

0.938

3.8

1.01

8.3

1.03

1.6

2.055

1.45

1.10

1.85

1.17

1.8

1.85

8.4

1.33

1.95

1.44

1.9

1.55

1.9

1.6J

1.6

. * m 1/5 1/5 V5 1/5 1/6 1/5 1/6 1/3

(5*>II - - - 0.15 0.16 0.16 0.17 0.81 0.85 0.30 0.31

(1d>H - - -
0.77 1.4 1.4 1.45 1.5 1.9 1.4 3.8

Senstivity 1/10 1/10 1/10 1/10 1/10 1/5 1/5 1/5 1/5 1/5 1/5

8-hydroxy quinoline
5-sulphonic acid to __»«—_ to *_M

<*±>I 0.98 0.996 1.01 1.036 1.15 1.19 1.35 1.31 1.5 1.69 1.7]

(1d>I 3.1 3.7 3.1 1.55 1.4 3.9 3.4 8.8 3.0 1.3 1.8

<B.>II - - - - -
ea» 0.106 0.11 0.15 0.15 0.1*

<*d>II
<BPlII

m « m - - - 1.1 1.1 1.1 1.0 1.0

- - - - - - - -
0.57 1.43 1.4-

"dhll • • • * • —
•»

—'
3.8 3.0 1.8

p



Dependence of S| end 1^ values on pH

PH
Composition

18 3 4 3 4
Potassium Dipotassium Dl potass-
chloride and hydrogen ium hydro-
hydrochloric phosphate * gen phos-
acld hydrochloric phate and

acid citric
acid

6 6 7 8
Dl sodium hydrogen Phosphate
and citric add

9 10 11 13
Dl sodium

chloride hydrogen
and a'mo- phosphate
nlura and sodium
hydroxide hydroxide

Senstivity 1/10 1/10 1/10 1/10 1/10 1/10 1/10 1/10 1/5 1/5 1/10 1/10 1/10 1/10

Olive green
complex
(E|)x Volt Vs
S.C.K.(-ve)
<id>i A
<«*>II
<4d>II
Senstivity

1-0 0.99 1.01 1.11 1.08 1.08 1.13 1.80 1.38 1.35 1.39 1.48 -

3.1

0.18

1.8

1/10

8-hydroxy quino
line 5-sulphonic
acid.
(K*)_ 1.0
(id> I 4.1
<-t>II

<id)n

3.8

0.17

3.0

1/10

0.98

3.0

1.55

0.18

3.3

1/10

1.0

3.4

1.5

0.31

3.0

1/10

0.12 0.13

1/10 1/10

1.08 1.05 1.13

1.55 3.3 3.8

1.4 1.1 1.35 1.1 3.3 1.4

0.335 0.345 0.345 0.34 0.89 0.30 0.33 0.33

3.0 3.15 6.7 8.4 3.0 3.0 3.8 8.8

1/10 1#1D 1/10 1/10 1/10 1/10 1/10 1/10

1.18 1.19 1.89 1.35 1.38 1.43 1.53

1.4 1.8 1.3 1.1 3.35 3.8 0.7

0.135 0.14 * • 0.43

0.56 0.6 • « 0.70

?



____j_i___i_^a

Effect of _nion»(chloride. nitrate, si
of complex at pH 8.0.

Electrolyte Without
electro
lyte.

KCl

Concentra
tion (M)

<Vl *•
Volt Vs S.C.B.

0.036 0.086 1.5

1.30 1.31 1.31

-vo

KKO. K38D4 KC10-

0.036 0.086 1.5 0.012 0.0485 0.075 0.013 0.0435 0.075

1.30 1.31 1.31 1.31 1.31 1.31 1.33 1.33 1.;

<*d>I A 8.65 9.75 3.7 3.7 9.5 3.5 3.6 9.5 3.5 2.5 3.75 3.75 3.76

(VlX 0.33
Volt Vs 3.C.S.
-vo

0.35 0.85 0.35 0.36 0.85 0.35 0.35 0.35 0.35 0.85 0.85 0.35

(id)ll A 4a55 4«15 4«10 4*10 4'46 4*4 4*4 4*4 4*3 4*3 4*4 4*4 4*5

i
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TAH.B No.39

gfect of alkali and alkaline earth metalf onA &ni_.id
values. Concentration of these cations » 0.34M

"p_t""" {Dipotassium hydrogen phosphate!Ammonium chloride and
J_to9U-B0__IJ_laJL

Olive green
complex

UM JtoifsJMI IttJa-JMi BM-J {.aimnon^uff fryflroxii
"O ! Li* N_ + K+ lN° ! __.++ T
kaUom ! l_ IsaJJkfljal L

Ba++

(Sj)t Volt -1.85 1.34 1.83 1.88 -1.39 -1.38 -1.365

(id)- A 1.9 1.8 1.7 1.7 4.4 4.0 4.0

(Bjpn Volt toO.31 -0.20 -0.80 .0.80 -0.895 -0.275 -0.375

(id)ii * 3-3 3«2 3»8 3-2 3*° 2#5 8*6

(1d>I (id>H

(8|)lJ (Ipxit ^Vlili- &e$Xt <xd>II *»* ^d^m correspond to
I, II and III steps respectively.



-188-

Tlll^ I —* _—I

On 8-hydooxy quinoline 5-sulphonic Acidi

From the current voltage durves it vas found

that the compound vas reducible at d.m.e. over vide

pH range (1.0 to 11.0). During the reduction besides

main step (I) other subsidiary reduction steps

depending upon the composition and pH of the buffer

vere also realized. The existense of various steps

Is summarised in Table Ho.l.

The values of E± and 1^ for these steps vere

found to be highly dependent on pH. In the pH range

1.0 to 6.0 one vave (reduction step I) vas obtained

vlth all the buffers used (Fig.3 curve 1 to 6). The

dependence of gi vlth pH vas found to be in accordance

vith the expression B^ - -(0.966 ♦ 0.015 pH) in the

pH range 1.0 to 4.0. Moreover, the vave height vas

found to decrease vlth increase in pH.

From pH 6.0 appearance of the other waves

besides the main reduction step (I) took place. Then

in pH range 7.0 to ll.O another vave designed as (II)

vas realised. The Bi and lg values for this reduction

step vas almost independent of pH and the nature

of the supporting electrolyte. This could be attributed

to the adsorption of free base on the surface of

mercury drops (16). The nature of this vave vas

further confirmed by seeing the influence of mercury

height at pK 8.0 (Fig.16). The exlstance of this wave

could also be quessed from the fact that current

voltage curve had a peculiar shape even when recorded
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belov pK 8.0.

Besides the above mentioned behaviour about

the reduction of 8-hydroxy quinoline 5-sulphonic

acid at d.ra.e. there vere fev other Interesting

facts worth mentioning t

(1) Wave (I) vas more defined at pH 7.0 to

8.0 and therefore, eould be easily characterised.

Xhe step height vas found to Increase vlth increase

In the doncentration of 8-hydroxy quinoline 5-sul phonic

acid (Fig.6 table 16 at pH 8.0); (Fig.13 at pH 7.0)

and it vas completely diffusion controlled two

electron transfer process as verified by the effect

of mercury pressure (Fig.17) logarithmic analysis

(Fig. 18) and plot of logi against logt (Fig. 19).

(3) Wave (II) vas not realised in the pH

range 9.0 to 10.0 in ammonium chloride and ammonium

hydroxide buffer.

(3) A new wave veil defined (designed as step

III) vas realized in the pK range 9.0 to ll.O only

in the case of borax buffer. The B^ and id values

for which vere also found to be dependent on pH

(Fig.3 curve 9,10,11). The step at pH 9.0 was also

found to be diffusion controlled! a two electron

transfer process, tested by logarithmic analysis

(Fig.30) mercury pressure (Fig.31) and by the Blot

of logi Vs logt (Fig.23).

(4) Ho reduction step vas obtained at pH 13

although as would be seen later, this step vas
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possible in the case of the 8-hydroxy quinoline

5-sulphonate pentaeyanoferrate (II) complex.

The B|. and id values for various steps are

summarised in tables 86 and 37. These results are

quite comparable vlth the studies carried out by

Peach (3) , Tachland Kabai (2), stock (8), stone

and Furman (9) on quinoline and its derivatives.

^enta* ^no^eS^c^m^^ --*flQUn> fr-lttl^^a.o

The behaviour of this complex at d.m.e. is

quite different from that of 8-hydroxy quinoline

5-sulphonic add. The comtarative statement for the

existar«ee of different steps for this complex and

8-hydroxy quinoline 6-sulphonic acid under similar

condition of pH etc. are summarised in table I and

the comparative statement of Ri and lg Values In

table (8a and SB).

This complex gave the main step (I) over the

vide pH range 1 to 13 in all the buffers used. The

B| and ig values here vere also highly dependent

on pH, composition of the buffer etc. The dependence

of Ej vas in accordance vith the expression Bt •

-(0.978 # 0.03 pH) in sodium acetate hydrochloric

acid buffer, pH range, 1.0 to 4.0. Similar expressions

B^ » -(0.93 ♦ 0.1 pH) | ft^ m-(1.33 * 0.11 pH) vere
found to hold good in disodium hydrogen phosphate

and eitrie acid buffer, pH 5.0 to 7.0, borax buffer

pH 9.0 to 11.0 respectively.
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Step (I) in pH range 7.0 to 9.0 vas veil

defined, the step height vas dependent on the

concentration of tha complex (Fig.5 table Ho. 15 at

pH 8.0 and Fig.ll at pH 7.0). The eleetrode proeess

vas diffusion controlled vith 8 electron transfer

as testtd by logarithmic analysis (Fig.25) and by

the effect of mercury pressure (Fig.33) and by the

plot of logi Vs logt (Fig.24).

Unlike 8-hydroxy quinoline 5-sulphonic sold

step (II) vas realised over the entire pH range

1.0 to 12.0. The Si and id values for this step

vere independent of pH. This vas characterised as

adsorption vave probably due to the adsorption of

ions in acidic range and adsorption of free base

in the alkaline range on the surface cf mercury

drops (17). The effect of mereury pressure gave

evidence for adsorption vave (Fig.36 Table Ho.33).

Other Interesting points worth noting verei

(1) Step (II) could not be realized in sodium

acetate and hydrochloric acid buffer, pH 1.0 to 3.0

for this complex.

(3) Step (III) which vas realised in the ease

of 8-hydroxy quinoline 5-sulphonic acid could not

be realised in the ease of this complex.

(3) Step (II) which vas not realized incase of

8-hydroxy quln-llne 5-sulphonio aoid in ammonium

hydroxide buffer pH 9.0 to 10.0 vas realized in the

ease of complex.
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The waves obtained with mixtures containing

fixed amounts of hexaoyanoferrate (II) and varying

amounts of 8-hydooxy quinoline S-sulphonic acid and

vice versa at pH 7.0 and 8.0 have id vslues which

Increased with increasing concentrations either of

the reactants (potassium hexaoyanoferrate (II) or

8-hydroxy quinoline 5-sulphonlo acid), but the values

became constant at a cornhiring ratio ltl (Fig. 1^3,10

Table 17,18 at pH 8.0). Although the values Increased

above the combining ratio in ^hen hexacyanoferrate

(IT) vjm kept constant but a sharp break vas eealized

at m ratio (Fig.9). Thin increase vaa due to the

reduction of excess of the 8-hydroxy quinoline 6-

sulphonic acid, for which the K. is v«ry near to the

complex.

Tha waves obtained with the mixtures contaiining

the Increasing amounts of electrolytes,vere followed

vlth a half vave potential change to more negative

potential vlth a small decrease in 1^ for step (I).

Above 0.76M concentration of potassium chloride and

potassium nitrate both Ig. and lg values became constant.

A little effect on id vas observed vlth potassium

sulphate and potassium chlorate, A constant but mors

nsgative St values (as compared vlth the Bi values

in the absence of potassium chlorate and potassium

sulphate) vere obtained even on Increasing the con

centrations (Fig. 13, table 23).
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The vaves obtained vlth mixture- of (0.84M)

alkali metals at pH 7.0, 8.0 and alkaline earth

metals at pH 9.0, 10.0 (alkaline earth metals got

preelpltated at pH 7.0), vere folloved vlth a change

in B» and id values and a shift in B| to more positive

side, in the sequence potassium sodium lithium

and calcium barium has been observed. Results

at pH 7.0, 9.0 are summarised in (Table Ko.29 Fig.14)

and at pH values 8.0, 9.0 are shown in Fig.15.
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frri-YlfOaygHlUQll^a j_______JMe-S-l ftfl-dt

The study of ultra violet absorption spectrum

of qulnaldlnic add and cinconic acid and other

quinoline derivatives indicated the presenoe of

h/drogen positive (H*) on the nitrogen atom upto pH

4.0. These results vere confirmed from the polaro-

graphy of 8-hydroxy quinoline (stoek) (14) and on this

basis the 3 electron transfer reduction step (I) for

the formation of dihydro-derlvatlve of 8-hydroxy

quinoline 5-sulphonic add in acidic solutions may be

attributed to the equation.

$o,H

L !l J «B* ♦ 8e • Dihydroderivatlve
oh flav

in neutral region the existanee of step (I)

can be attributed with the Equation

*_-B* ♦ 2e a Dlhydroderlvatlve.

OH N

The step vise reduction in tvo waves pH 9.0

to 11.0 (borax buffer step (III) and (I)) may be

represented by the process ••/SojW

0j - • GO —• M
OH ¥ <fH N OH N

The final product then reacts with water to give tetra,

hydro-terivative. This type of mechanism is quite

comparable vlth the reduction of cinconic acid at

d.ra.e. as proposed by Casimir and Lyons (18).
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frthyi.ro.xy JJ-SStoSse-M ^3-1^9J.at_ft fiffltia.rattol'.rr ate ___U
•_____!___*

The mechanism of reduction process of the

complex in acidic range vlth two electron transfer

vave may be given by the equation

8-hydroxy quinoline 5-sulphonate

pentaeyanoferrate (II) *H* ♦ 2e - Dihydroderiva
tive.

and in neutral range by the equation

8-hydroxy quinoline 5-sulphonate pentaeyanoferrate (II)

♦ 8e 4- 2H* * Dihydroderivative.

The expression In alkaline range may be given by the

equation

8-hydroxy quinoline S-sulphonate pentaeyanoferrate (II)

♦ 8e - Dihydroderivative obtained by the interaction
of vater with the electrode product.
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fl H A P T o n

Redox Amperometr}c titrations with
nexacYanofvrmnieM*

(Part I)
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Wjr9qM»,r}c IttKallMM of C9(Ipv4^Jh.^?.aoyafi9r.iT,t-tffi
Ujlll In glycine and aram. citrate media. Thp reduction
.at mm .vaulting kVkmmMBkVmjm __________•

Dickens and Messen (i) $ Tomicek Freiberger (2))

for the first time, reported the estimation of Co(II)

vlth hexacyanoferrate (III) in ammonlcal medium. The

red product formed by this reaction vas represented

by the formula Co1II(HH3)gCyFe(Cy)5. This reaction
vas also utilised for the potentlometric determination

of Co(II) by a number of workers (4-8) with metal

salt as the tltrant. Reverse titrations, with Co(II)

in the cell, could not, however, be performed with

out the use of complexing agents like ethylenediandne,

triethylenetatramine, tetraethylene pentaraine, glycine,

mixture of alamine or phenyl alamine, glutamic acid

(9-13) due to air oxidation of Co(II) to Co(III) in

ammonlcal medium. More recently poppe and Den Boef (14)

had reported the results of photometric titrations

between the two reagents in the presence of various

cations, employing ammonia and glycine as complexing

agents.

The palarographlc aspect of the above reaotion,

has hovever, not been studied so far although many

references on the polareg raphy of other oxidation

product of Co(II) are available in the literature.

For example Watters and Kolthoff (15) had reported

the estimation of Co(II) from the reduction steps of

trlvalent hexamino complex obtained by the oxidation
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of divalent hexamino complex using sodium per borate

as oxidant in absence of Cu(II), Cr(III) and Kn(II).

Souchay and Faucherre (16) had used the steps given

by the reduction of cobalt io ions to determine cobalt

in steel. Willis and Co-vorkers (17) had reported

the one step reduction of hexamino oobaltous and two

steps reduction of hexamino oobaltlc complex for

analytical use. Kolthoff and Matters (18) had also

determined Co(n) by employing the step given by the

reduction of trioxalato cobaltio ions to dioxalato

oobaltous state. They used hydroxylamine hydrochloride

to decompose the oxalate complexes of metsis like

Mn(II), Ce(III), Ce(IV) and Cr(III) which interfered

in the reduction steps.

Recently Maki and Coworkers (19-30) had carried

out polarographic studies of tetra-cyanomono (ethylene

diamine) cobalt (III)) ethylonediamine tetra acetato

cobalt (III)? cobalt (II) and bis (dipyridyl) Co(IIl)

complexes.

Section a of the present part of the chapter

deals with the amperometric estimation of Co(II)

against hexacyanoferrate (IH) in ammonium citrate

and glycine media at pH 9.8 and 8.0 respectively

(reaotion takes place in pB range 7.0 to 11.0). The

determination has been earrled out in presence of

Cr(III), Ce(III), V(v), Cu(II), Hi(II) and Mn(II) the

most common metals which generally interfere in
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polarographic determination of Co(II).

In section B the results of the polarographic

reduction of resulting Co(III) binuclear, Co(II)

ammonia,Co(III) ammonia and glycine complexes are

described. Interference of the above mentioned metals

on the reduction steps of the resulting complexes

has also been discussed to test the suitability of

the polarographic method for the estimation of Co(II).

Section C gives a critical account of the

reduction of the Co(III) and Co(H) glyeine complexes

In the buffers of (pH range 8.0 to 11.0) different

compositions In various supporting electrolytes.

Apparatus!
totototototototototo

Heyrovsky LP-56a Polarcgraph operated manually

in conjunction vlth pye sclarap Galvanometer in external

circuit vas used, a dropping mercury electrode having

m - 0.0035 gm/seo} t • 4.31 sec per drop of mercury

in closed circuit at applied potential of 0.0 v.Vs.

C.B. vas used. Mercury column height 49.5 cm. The

ftshpod Polarographic cell and the reference electrode

vere kept Immersed in a water thermostatic bath

maintained at 35 -" 0.1°C. Purified nitrogen was ussd

for the deaeration of the solutions.

Beckmann pH-meter model H3 vas used to measure

pH.

R„__-__t^t

All the reagent used vere of a.a. quality



section (a).

__-a_rtUi c__ra._»

50.0 gms of citric sold vas dissolved in

double distilled vater, added 150.0 ml of 14H ammonia

solution (pH was adjusted to 9.8)and diluted to one

litre.

Bra.vanofarrflitg (CI? aal-Uw

Beerystalllsed potassium hexacyanoferrate (III)

vas dissolved in required amount of double distilled

vater. Its strength vas determined iodometrlcally

and kept In amber eoloured bottle.

Cv-aJL- fih__-todt 891.U«*

This vas prepared in double distilled vater,

its strength vas determined by weighing ss cobalt

mercuric-thioeyanate.

P...r,_.H_ gni-fl-t« ,

l.OM potassium chloride vas prepared by

dissolving weighed quantity in double distilled vater.

Solutions of different metal ions vere prepared

in double distilled vater and their strengths determined

by the respective standard methods. Solutions of

required concentration vere obtained by diluting the

stock solution.

aa_Uqn (8) Qlr.inat
For obtaining 2.8M solution 31.0 gms of the

reagent vas disolved In vater. pH vas adjusted to 8.0

by adding potassium hydroxide and the total volume vas

•ode to 100 ml.



.201-

Helaevanofer->«te (III _

As In seetion A

fi-ftll. oi_lorldt»

As in section A

Potassium chloride l.OM.

JEMS*. •____'

Qlvcln* |g[ fftrg«

Separately in each of the four conical flasks

30 gms of glycine vas dissolved, pH vas adjusted to

8.0, 9.0, 10.0 and 11.0 respectively by adding potassiu*

hydroxide and total volume in each ease vas made to

one litre. Similarly the buffers of pH 8.0, 9.0, 10.0,
•nd U.O were prepared, by dissolving 40.0 and 80.0

gms of glyeine. Thus 13 buffered solutions of different

compositions were prepared. The first four contained

0.40M. The second four 0.514M and the last four

0.666M glycine, respectively. In these three sets

(each of four solutions), the pH values were 8.0,9.0,
10.0 and U.O respectively.

Blec.rolyfc«.y

Solutions were prepared in double distilled

vater. Solutions;

l.OM sodium fluoride.

l.OM Potassium nitrate.

1.6M Potassium chlorate

0.6M Sodium sulphate, and

8.0M calcium chloride were prepared.
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BXP ERIMBHTaL

Station ||

Amperometric Titrations!

To carry out amperometric titrations in the

medium of ammonium eltrate four solutions vere prepared!

-8
Solution (1) contained 1.0 A of 10 M hexacyanoferrate

(III), 1.0 sQ. of l.OM potassium chloride and 18.0 ml

of ammonium citrate buffer of pH 9.8 solution (11)

1.0 ml of 10"8M cobalt chloride, 1.0 ml of l.OM

potassium chloride and 17.0 ml of ammonium citrate

buffer of pH 9.8 solution (111) 17.0 ml of ammonium

citrate buffer, 1.0 ml of l.OM potassium chloride and

3.0 ml of vater. Polareg ms vere recorded from -0.1

to -1.6 V. at constant senstivity. It is evident

from Fig.i that the limiting value of the current

for solution Ho.l lies in the potential region of

•0.8 to -0.3 for solution Ho.3 in the potential region

of -1.50 to -1.6 V. Tvo reduction steps vere obtained

for solution Ho.3 with limiting value of current in

the potential region of -0.66 to -0.66 V. for the first

step and In the potential region of -1.4 to -1.5 for

seeond step. Therefore, the potentials having the

values -0.3 and -1.5 V. vere selected for the ampero

metric titrations (Fig.lA curve 1,3,8).

Similar types of solutions vere prepared in

glycine medium instead of ammonium citrate glycine

buffer of pH 8.0 vas used. Polarograms vere recorded
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from -0.1 to -1.6 V. Potentials selected for ampero

metric titrations vere -0.56 and -1.5 V for both the

direct and the reverse titrations. The results are

shovn in (Fig .3a curve 1,3,7).

Procedural

To carry out amperometric titrations In

—3 6
ammonium citrate medium 1.0 ml of 10 M to 10 M

solutions of Co(II) in direet titrations and 1.0 e.e.

10*8M to 10" Mhexaoyanoferrate (III) in reverse

titrations vere placed In the titration cell. To

each solution vas added 1.0 ml of l.OM of potassium

chloride and the total volume vas made to 80.0 ml

by adding requisite amount of buffer of pH 9.8. Tltra-

nts (hexaoyanoferrate (III) in direet titrations and

cobalt chloride in back titrations) vere added in

fractions from mleroburette. Solution In the cell

vas stirred vlth nitrogen after each addition and

current vas noticed when attained constancy. Concen

trations of the titrant vere adjusted in such a vay

so that not more than 3.0 c.c. of it vas required for

eomplete titration. The end points vere detected

from the intersections of the tvo straight lines

obtained by plotting current against the volume of

the titrant added in (Fig.3,4).

TUTaU,°p.i Ii pr,,aang_ of natal -°aa»

These vere carried out at -0.3V.Uo 1.0 ml of

•3
10 M cobalt chloride In direet titrations or hexacyano-
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f errate (III) in reverse titrations vas added 1.0 si

of potassium chloride and required folds of concentra

tion of metal ion present in not more than 9.0 ml.

Total volume vas made to 80.0 ml buffer of pH 9.8.

Tltrant hexacyanoferrate (III) In direct titrations

and Co(II) in reverse titrations vere added in

fractions in the usual vay (Fig.6).

Titrations in similar fashion vere also carried

in the medium of glyeine. (Fig.3).

In order to see the superority of the resulting

binuelear eomplex, formed vlth Co(II) and hexaoyano

ferrate (III), over the other Co(II) and Co(III)

complexes under similar conditions with the stand point

of the polarograi hie determination of Co(H) from their

reduction steps, and to differentiate the binuelear

eomplex with Co(II) ammonia and Co(III) complexes, the

polarograms in three sets of, solutions were recorded.

Set I comprised of 8 solutions each containing

15.0 ml ammonium citrate, 1.0 ml of l.OM potassium

chloride and increasing amounts 0.5, 1.0, 1.6 and 3.0

ml of each of 10~8M cobalt chloride and hexacyano

ferrate (III). Total volume vas made to 80.0 ml by

adding requisite amount of water (Fig.i, curve 3,4,5,6).

Solutions 6-8 were prepared as 1*4 but the concentration

of each of cobalt chloride and hexacyanoferrate (III)

vas 10*3M. (Fig .8 curve 1,8,3,4).



POTENTIAL (.ve) VOLTS

FIGURE 2A
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Set Ho.3 Included three solutions Ho.l contained

5.0 ml of 10~8M cobalt-—Chloride 5.0 ml of l.OM

potassium chloride, 90.0 ml of ammonium citrate.

Solution Ho.3 contained same contents as in solution

Ho.l but to this oxygen vas passed (since the slow

oxidation of hexa-amlno oobaltous complex to oobaltie

hexaaralno complex takes place 9) for 34 hours. The

loss of volume due to evaporation of ammonia was made

up by 14H ammonia keeping the pH -8.9. Solution Ho,3

contained 5.0 c.c. 10"8M cobalt chloride, 5.0 co.
10 Mhexacyanoferrate (III) 5.0 o.c. l.OM potassium

chloride and 86.0 ml of ammonium citrate (Fig.lA,

curve 9,7,4).

Set Ho.3 included 6 solutions, in each vere

present, 18.0 ml of ammonium citrate 1.0 ml of l.OM

potassium chloride, 1.0 c.c. of 10"3M cobalt chloride

and 1.0 o.c. 10"3M hexacyanoferrate (III). Then 1.0 ml
of Cu(II), Hi(II), Ce(III), Cr(III), Mn(II) and V(V)

each of 10"^ vere added in solution Ho.l to 6 respec
tively (Fig.IB curve 1-6).

Similar types of polarograms of the solutions

in three sets vere recorded in the medium of glycine

except the type of solution Ho.8 in second set above

(since no oxidation of Co(II) glycine complex to Co(HI)

glycine complex takes place by atomospherlo oxygen).

(Fig.3A curve 3,4,5,6| Fi$.9 curve 1,3,3,4 for set I



-206-

and M-.SB ourre 1-6 for S»* IIJ)'

amnm ft.
Kfr.ot or ooopoaltlon of buffer. and pH on tn.

roduetlon of Co(II) fliroin. to-*-* r.eultln. Co(nl)
eo>» 1« la .olutlon, ha. bton .tudl.d by r.eordlm
«M polaro_r.« (.t 1/8 san.tWty of poUrogratfO
1„ s«.ral ..t. of .olutlon.. K.oh ..t lnelud.d
thr.. .olutlon, No.l In ..oh sot eont.in.d 1.0 *L of
,0-aM h.«ey.nof«r.t. OH), -0 _ of »" " «<*»»
eWorld, and 1.0 A of oleotrolrt.. C.odiu. flaorld.,
pot...lu. nltrato, Fat.Hlu> ehlor.t., .odlu. wlph.t.
•nd ealelu. ohlorld. «f eonei.tr.tlon. «.ntlon.d
alr.adr) with r.qulr.d ..ount of bufr.r to toko. th.
total voluto 1S.0 ML.

Ho.3 contained 1.0 ft of lO^M cobalt chloride
in 15.0 ml of total volume vlth 1.0 ml of required
electrolyte and buffer.

Ho.3 in each set contained only buffer and
electrolyte in total 15.0 ml of volume. When the
polarograms in calcium chloride as supporting elec
trolyte vere recorded 0.8 ml of 0.04 percent of
nonionic soap (Ho-nidate P-40) as maximum suppoessor
vas used (Table Holl Fig.10-89).
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In order to study the relationship betveen

limiting current and the concentration of the eomplex

the polarograms (at 1/10 senstivity) of the solutions
containing increasing amounts of 10" Msolutions

of hexacyanoferrate (HI) and Co(II) as 0.5, 1.0,

1.5, 9.0 ml vith 1.0 ml of calcium chloride (since
both the steps vere veil defined in presence of

calcium chloride) in 30.0 ml of volume at pH 8.0

in 0.53M glycine (Fig.30).

|MftJ| -nd Discussions.

flection ai

Medium of ammonium oltra.-t

In absence of (interfering metal ions). Under

given conditions at applied potential of -0.3V.

Co(II) vas determined up to the concentration of

0.5xlO*4M in direct titrarions (Co(II) in cell) and

upto the concentration of O.exlQ-5* in -aok titration,
(hexacyanoferrate (III) in eell) vith error less

than t 0.5 percent. Applied potential of -1.5 V.

in direet and reversed titrations Co(II) concentration

of the order of 10"^ could not be determined (error

greater than * 1.0 percent) But the concentration

of the order of 10"^ vas determined with error

less than * 1-0 percent. This may be due to the

faot that the complex which vas formed during the

reaction also gave its ovn contribution to the

current at this potential as its reduction is very
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near to the reduction of Co(II) ammonia eomplex.
Contribution to the current due to this complex

during its formation appreciably effected arid point
in the higher concentration range but was negligible
in the lower concentration range and therefore, and

point was almost unaffected. Typical L-shaped

curves are shown in Fig.4. Results are summarised

below*

Uli ao.3 ••

MjsTof ICo(II) found !_gs;jM«s. of }Co(II) found mgs. Reverse
cod I) ____________ titrfttioDfliCo(ll) UUraUvfla , ,— •#

39.465 39.435 - -

58.93 58.93

3.946 3.917 - -
99.465 99.465

58.930 58.930

5.8930 5.834

3.9465 8.917
0,99466 0.3891

9.9465 - 3.975 •»

0.39465 - 0.30

3.9465 - 9.9465

0.89465 - 0.3891
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f>_«__nce of tof-ferrlng "W-alsi

The Interference of different metal ions

was studied at an applied potential of -0.3V. In

direct titrations, Co(II) was determined in presence

of 10 fold of Cu(II) and In back titrations in

presence of 5 fold of Cu(II). Ho interference was

observed even when Hi(II) was present upto 100 fold

for bcah direct and reverse titrations. Cr(III) when

present in equal concentration did not interfere
in direct titrations. In reverse titrations, appreciabl*

oxidation of Cr(III) to chromate took place in presence

of hexacyanoferrate (III) in this medium. Therefore

reverse amperometric titration eould not be carried

out successfully,Ce(III) interfered in determination

of Co(II) to an appreciable extent in direct and

reverse titrations even when present to 1/I0fold of

Co(II) concentration. Probably due to the oxidation

of Ce(III) to Ce(IV) by hexacyanoferrate (III) in

ammonlcal medium. V(V) did not interfere vhen present

upto 10 times of Co(Il) in direct or reverse titrations.
Fe(III) interfered due to the precipitation of hydroxide

Fig.fi, Table 3).
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J^Q^SmJSmwMSS^mJmJimmm

MBttl g a;P^om?trlc Wrattfm 1n presence of •
natal taM-j-^a-g-iu.

figs, or* l^oreigniRgs. of M.1 •.9f WnKgHsl at -0,3V
Co(II) fmetals Iforeignl Dirjet JfI?rJJfin.
per litreladded Imetal {titration 1 titrations

1 ladded I __J

39.465 Cu(II) 31.70 39.455

89.465 Hi(II) 3935.50 39.«55

39.466 Cr(III) 35.60 99.466

39.465 V(V) 304.70 30.03

39.465 Cu(II) 158.80 - 38,914

39.465 Hi (II) 3935.50 - 39.465

39.466 V(V) 304.31 - 89.755

_™m_ »• complexing at____,«<absence of lnt_.f_r.l__
Hftt-lg) t-

Baok titrations could be carried out success

fully at applied potential of -0.55 V. Direet

titrations vere not successful (error greater than

• 1.0 per cent). It vas found possible to detect

Co(II) upto the concentration of O.5xl0"^C (Fig^)
Results are tabulated belowi

TABLK Ho,4

Results of amperometric tit rations In «b»qnoe of,,
SSI BK3 m M3u

H_s. of codiHli&uJif C9U1) tJSS^L/SEiZZZ
p_r litr^ 9 Reverse titrations,

89.645 i_h___f_
9.9645 2-SS55
0.39845 0.8907
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Pyesence of interfering metals.

Manganese (II) did not interfere when the

use of eitrate vas avoided. Vanadium (V) interfered

vhen present in small amounts. Fed II) upto 10 fold

did not interfere in this medium. Hi(II) did not

interfere upto 100 fold of concentration. Hovever,

Cu(II) interfered when present even in traces. Ce(III)

did not Interfere when present in equal parts.

Titrations in presence of 10 fold of Cr(III) in terras

of concentration could be carried out without any

interference. Results are tabulated belowi

T^-LR Ho-5

Bmaults of amperometric titrations In _resftP__ Of
Bvfral MM -M m Mum

Mgs. of iForeignlMgs. of|jfe_u.5. S-dl)
Co(II) Imetals iForeignl
per litre!added Imetals I Reverse titrations

I T lidded 1 , . . ., ., _,

39.465 Mn(II) 874.00 39.17

89.465 Fe(III) 379.95 99.465

99.465 Hi(II) 3935.50 39.755

99.465 Ce(III) 70.06 X.C3

39.465 Cr(III) 956.00 30.03



v
V|

_
N

_
H

_
n

o

-
,

o

"
~

1

c
_

_
l

<
Z

)

t
-

C
D

_
.

—

<
c

L
U

L
l.

<
j

Oa



-813-

Um& MQ*6

II •_ WMfij vf1!:flga_^_a„f,0„_tha-thft ealuti-wi eontainiiar 0.05x19 H
^ffft P?t,afiali-« C^-»»**» at rH 9.8.
rpr 1ft hwra)

^fton

(ftt^AiM froa W 7 fla_lA)

1otentiai volt;siCurr«nt""corr^ectedI |
(-ve) *for residual I 10» ~T"_i

Iqurrent _:

1.15 0.10
1.30 0.86
1.33 1.70
1.35 9.75
1.30 3.70
1.35 3.90
1.40 4.00

Fig. 31

-1.591
•0.4630
-0.1813

♦1.0911

♦1.5911

lyjMai "-/!»_». nr Hift miwuit _.t different, heights .of
mercury column forjfte second vave of the solution
containing tf.8xiOM°M eacH^r-enT?eactSHr
complex) 0-05M pot, chloride atjpj

Height of mercury
column hcorrected

Mem) 1 •J*

TWtr.CTP*

.„_».—•*«_

I Limiy.ng current
(i_mi.4V)

36.3 1.8587 7.15

43.65 1.6400 7.66

53.60 1.7810 8.10

58.64 1*7688 8.35

66.50 1.8888 8.35

Fig. 33
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** valttaa aCJ-flU and ,o(gI. ..Qnplaawa In ...rata,

Complex

Co(III)
Binuelear
Complex

cod 11)
ammonia
complex

Co(I I)
ammonia
complex

(8|). <%>TT Sb 5 alB-$ranafsrrad
i li * n Ptt v^ve T5S vavgl

-QA56V -1.195V One Two

-0.47V -U&35V One Two

-1.330 One

(l^I and (Bjpjl represent the half wave potentials for
1st and 3n4 step respectively.

TAEM B9.8

tioned inLogerlth-dlc analyffly of the solution mm men
iM-gj-Bi Usadlngn frog, gurva 4 tt-_5lP

-__—___.•_, -_.-.....,._. _ — — r .. - ..j -1 _...._. T nil ia. ,M „. ltl ^

Potential C-veH Current corrected
volts TB

1.10
1.15
1.17
1.30
1.33
1.35
1.30
1.35
1.40

or residual
{current M~k

0.1
0.5
1.3
3.0
3.9
3.1
3.4
3.55
3.6

Fig.33

T log A • i •^ ix-i

-1.5441
-0.7934
-0.3010
+0.0969
*0.6l73
••0.7934
+1. <iJk}*k

♦1.8534
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.c__rithi_ic analysis of the current voltage readli
<TMl-t W inA-\J-Wk'r\IWL^M}-\ m i-'TO -.. ,m-t- • T*Pf i. «••(•:
Bash „o£ „tJ_f. raa-tfln.fi> .CUQfiM po.asalHB ml ortia Hi-
-.Iv.-lna at aft fi-Q ,(1w,.a frqa suit* 4 PJUltlJ

Potential
volts

T^rnl
Ifc
Current corrected!
for residual

{current
to- r

1.15 0.10
1.80 0.30
1.35 0.70
1.30 1.30
1.36 9.15
1.40 3.90
1.45 3.30
1.50 3.55

Fig.34

.Aflb. Ji-.l-i

log
TTT

* 1.5375
-1.0348
-0.3019
-0.3087
-0.3019
-♦0.1983

♦1.6496

mk|LM "aloes of current at different heights
£_r. XAz .aol-tUon (a-uaentilonatl In Tabla flQ.9),..

*mmm<im m»mmm>i

Height of mercury J
column hem I
aMM-SSW-_m_i_^iMaBss<3Be_>e_Bs>-ep-swMw-i -•>

36.80

43.66

59.30

58.64

68.50

Jk

!.5587

1.6400

1.7310

1.7688

1.1

Fig. 36

IL1 raiting current
{at -1,5V.

JS in i i i n aaa—toto—

5.50

6.00

6.35

8.50

6.60

a-3.
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HM UmXL

T _____ thiaie analvsis of the current voltage data for .._ p

flfjtth of -9(g) "iFl* heracyanoferrwte (III). 0.033 J.
_-fidli-ja_l>i fluoride ,,aixl f>?§3.1 glycine, at pH U.Q-
(.lat.a fr.» cum 7TU.ia)*

Potential!! Current corrected
(•ve) for residual
volts current
*m»m—swiuamew • A'- W-WWai * ""» ••'-'•ll»l" ""l •*"U"B

1*1
1.30
1.35
1.30
1.36
1.38
1.40
1.45
1.50
1.55
1.60

0.38
0*36
0.60
0.70
1.00
1.95
3.30
5.15
5.90
6.05
6.10

rig.36

T
JL

log
-i

-1.3767
-1.3166
-1.0493
-0.8973
-0.7076
-0.6403
•0.0713
«t0.7341
♦1.4764
43.0988

yyiii vaAqq of ijMill ii 3ifferent hoigfats .gog
air_rw«w

— _. _._-.._ ___•• ^^^^^^--^^ -^ __atf__.

<—_»»—i 11. n » . • .ana • «—————»••

Height of mercury
column

hm

m iiji — n mi'

I ^cm

36

43

59

68

66

30

85

60

64

50

1.5587

1.8400

1.7910

1.7688

1.8395

Fig.37

JLiraltlng Value of
{current at -1.8V.
il • • mn I • "»'-"•• • '

8.50

9.35

9.75

10.05

10.90
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8a_M i>-jyi

of the current_volti

_^^:i^^-_T!^-!^,-^'SJ-t'fl*'*
1UQ. .-atalroB fftt.r*e 8 Fig.iai*

Potential!Current (i)
(-ve) Icurrect^d for
volts Iresidual current!

1.10
uao
1.35
1.30
1.36
1.38
1.40
1.46
1.80
1.66
1.60

0.1
0.3
0.3
0.7
1.55
3.S
4.6
5.7
6.3
6.7
6.86

r

Fig.38

MM •____-

log T^-i

-1.8339
-1.5318
-1.3378
-0.9438
-0.6340
-0.9603
-40.3836
40.6959
♦1.1007

♦1.6500

MMttm Talujan of sgrrgnt a. tt£ftgfa_f4*M£f. 13
^nfilunm f9T ttia "ftiu-Von aa iwin-lqn in Wm ia

Height of mercury !Limiting current at
,60V).column h 1

{Liml
(-!.<

Cw_ —AW

36.90 1.5687 7.15

43.65 1.8400 7.60

53.60 1.7310 7.98

58.64 1.7688 8.80

66.50 1.8935 8.35

Fig .39
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W8 Kp.15

>f elect__
g<jpa?lawa.

^•cy || _H^±S.Q"ceiitraUon of electrolytes on
_f res -!_!_. .£.(111) and .WI f filvclna

Concentration of glycine } , II55H ,,, , I £33 r ',,„'•„ 1 , „, \ 33H •
E5 i 8.0 I 9.0 fin,o * ii.q* 8-0 ! 9.0 ! in.n I n.o i M 8 a.o i .0.0* n,o

Co(III)glycine complex
Half wave potential =%
(-ve.V.) F ~
Sodium fluoride 0.066M

(B|.)I 0.08 - - 0.08 • - • 0.08 ...

(Rpjj 1.365 1.365 1.365 1.48 1.36 1.36 1.36 1.41 1.35 1.38 1.385 1.4
Potassium nitrate 0.066M
(S|)n ....... . 1.34 1.36 1.40 1.43

Potassium chlorate 0.066M
(SpH -..-.--
Sodium Sulphate 0.033M(Kp-.j • ...... •
Calcium Chloride 0.133M(Bi) jj • ......

(sf)n .......
Co(Il) glycine complex half
wave pot ential«Sa<-5f_?01£•
Sodium Fluoride 8.066M(_4> 1.34 1.34 1.34 1.48 1.36 1.36 1.36 1.39
Potassium nitrate .do- - ......
Potassium ehlor*ite0.033M-do. • ••.... .
Sodium sulphate 0.033M -do- - --••.. . 1.335 1.345 1.365 1.38
Calcium chloride 0.133M-do- ....... . 1.31 1,36 1.39 1.40

(%)t and (%)tt represent the half wave potentials for 1st and second steps of the Co(III) glycine
complex res- actively, and (B*) represents the half wave potential of Co(ll) glyeine complex. ,

1.36 1.37 1.38 1.40

1.335 1.35 1.395 1.41

. 0.85 0.38 0.97

U31 1.36 1.39 1.40

1.345 U36 1.37 1.40

1.34
1.35

1.39
1.39

1.40
1.3S5

1.40
1.38
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gJUUULMJLM

HUe__U
Curves 1,3,3,4,5,6,7 and 8 represent the

polarograms of the solutions in ammonium citrate buffer

pH 9.8 containingt

1. 0.06xlO~8M hexacyanoferrate (III) | 0.05M
potassium chloride.

3. 0.05xlO"2M Cobalt (XI) | 0.05M potassium
chloride.

3. 0.085xlO-8M hexacyanoferrate (HI) \ 0.036x10 M
Cobalt (U) and 0.05M potassium chloride.

4. 0.05x10" Mhexacyanoferrate (III) } 0.05x10"* M
Cobilt (II) and 0.08M potassium chloride.

p .8
5. 0.075x10* Mhexaoyanoferrate (III) , 0.076x10 M

Cobalt (II) and 0.05M potassium chloride.

6. 0.10xl0*8M hexacyanoferrate (III) J0.10xi0*2M
Cobalt (II) and 0.05M potassium chloride.

7. 0.05x10 Mhexacyanoferrate (III)| 0.05xl0"2M
Cobalt (II) and 0.05M potassium chloride (oxygen
vas passed for 13 hours).

8. 0.05M potassium chloride.

The ourfe No.l starts from 0.0V and Ko.3 to 8

eaeh starts from .0.3V. Bach curve was recorded at 1/6

senstivity.

Sffeet of metal ions on the reduction steps in

earn, citrate buffer pH 9.8 curves 1,9,3,4,5 and 6

respeotlvely represents the current voltage curves of

the solutions containing I

1. 0.05xlO~8M hexacyanoferrate (III), 0.05xl©"8M
8. AS in (1) and 0.05xlO""8M CU (II).
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3. As in (1) and 0.05xlO"8H Cr (III).

4. As in (1) and 0.05x10"% Ce (III).

5. As in (1) and 0.05x10"% Hi (II).
8. as in (1) and 0.05x10"% V (V).

Curves 1,8,3,4,5 and 6 vere recorded at 1/6, 1/7,

1/5, 1/5, 1/5 and 1/10 senstlvltles (origion at -0.1V)

BftJUl

Curve 1,3,3,4, and 5 represent the polarograms

of the solutions in glycine buffer pH 8.0 containing.

1. 0.5x10"% hexacyrnoferrate (III) | 0.05K potassium
chloride.

m

9. 0.6x10 Cobalt (II) 0.05M potassium chloride.

3. 0.35x10"% hexacyanoferrate (III), 0.85xl0~%
Cobalt (II) and 0.05M potcssium chloride.

4. 0.5x10"% hexacyanoferrate (III)l 0.6x10"%
Co(II) and O.OSH potassium chloride.

5. 1.0x10 mCo( II), 1.0x10"% hexaeyenoferrate
(III), 0.05H potassium chloride.

6. 1.0x10-% hexaoyanoferrate (III). 1.0x10"%
Co(H) and 0.05M potassium chloride.

7. 0.05M potassium chloride.

The origion of curves (1,3) and (3,4) are at

(0.0) and (-0.1) V. respectively. Bach curve vas

recorded at 1/6 senstivity.

ttfiattP
Bffoot of metal ions on the reduction steps in

glycine buffer pH 8.0 curves 1,8,3,4,5 and 6 represents

the current voltsge curves of the solutions containing

reaotants and metal ions as mentioned in (Fig.IB) CUrve

7 contains 0.05x10-% Mn (II). Curves 1-5, S and 6 vere
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recorded at 1/5 and 1/10 senstivltles (origion at -0.1V).

EtaVut*

Amperometric titration curves at -0.3 V in

ammonium citrate buffer pH 9.8. 1,8,3 direct titration

curves Co(II) in cell (concentration of the reactants

0.5x10"%, 1.0x10-% and 0.5x10"% respectively) Oirves
4,5,8,7 and 8 reverse titration curves (hexacyanoferrate

(III) in cell) concentration of hexaoyanoferrate (III)

0.5x10"%, 1.0x10"%, 1.0x10"%, 0.5x10"%, 0.86x10-%
and 0.6x10"% and that of Co(II) 0.5x10*%, U0xl0"%
1.0x10"%, 0.5x10"%, 0.5x10"% and 0.5x10"%.

Zdmdm*

Amperometric titration curves at -1.6V In

ammonium citrate buffer pH 9.8 curve 1,8 direct titratior

(Cobalt II in cell) Concentration of the reactants,

(0.5xl0"%), 0.5x10"%). 3,4 reverse amperometric titra-
—4

tion curves (concentration of reactants 0.5x10 M,

0.5x10"%).

tftgaflft

Amperometric titration curves at -0.3V in amm.

eitrate buffer pH 9.8. Curve 1,3,3,4 direct titrations

in presence of 0.5x10"%, O.SxlO"1*, 0.5x10-%,
0.6x10"% Cu(n), Wi(n), Cr(III), V(V), (Concentration
of reactants 0.5x10"%). CUrve 5,6 and 7 reverse

—3
amperometric titrations in presence of 0.85x10 M,

0.5x10"% and 0.5x10"% CU(U), Bid I) and V(V) respec
tively (concentration of reaotants (0.5x10" M).
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ftls-U

Amperometric titration curves at -0.55V in

glycine buffer of pH 8.0. 1,3,3 back amperometric

titration curves (hexacyanoferrate (III) in cell)

(concentration of the reaotants 0.5x10"%, 0.5x10" M

0.5x10"%).
F^x-7i

Arauerometric titration curves at -0.55V in

glycine buffer of pH 8.0. 1,3,3,4 and 5 back

titrations in presence of 0.5x10" M, 0.6x10"%, 0.5x10m

0.5x10"% and 0.5x10"%* Mn (II), Fe(ni), Hi(II),
Ce(III) and Cr(III) (concentrations of the reactants

(0.5sl0"%).

Curves 1,3,3,4 represent the polarograms of

the solution containing reactants and electrolyte

of the concentrations as given in Flg.lA for the

curves 3,4,5,6 but the order of concentration of

reaotants vas 10"% ln-stead of 10" M. (each curve

starts from -0.3V at 1/8 senstivity).

Fis_9t

Curves 1,3,3,4, represent the polarograms

of the solutions containing reactants and electrolytes

of the concentrations as given in Fig.8a for the

curves 3,4,5,6 but the order of concentration vas

10"% instead of 10"% (each curve starts from -0.1V

at 1/8 senstivity).
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ftt.lP--?.

(As given in TableVsr )•

Fig.30.

Curves 1,8,3,4 represents the polarograms

of the solutions containing (0.085, 0*06, 0.075,

0.10x10 H) each of Co(II) and hexaoyanoferrate

(III), 0.133H calcium chloride and 0.53M glyeine

at pH 8.0.
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•JjtM lUMMs-MI citrate i__l_il»-
From the current voltage curves it was found

that the resulting complex with the probable structure

CcrtXI(KH3)6-H-C-FeII(CM)5 R°* reduced in two steps
correspond to the reduction of Co(III) complex to

cobalt (II) eomplex and Co(II) complex to cobalt metal.

But the behaviour of this complex was quite different

from that of Co(III) ammonia complex. The eleetrode

process for the reduction of Co(lII) ammonia complex

appeared to be irreversible as varlfled by logarthmic

analysis, the points of logarthmic analysis corresponding

to the upper half of the wave were far away from

straight line (Fig.31 Table Ko.6). The same irrever

sible eleotrode process for the reduction of Co(III)

ammonia complex has been also reported by Laltinen

(33,33) • But the electrode process for this binuelear

complex appared diffusion controlled as verified by the

effect of mercury pressure, and logarithmic analysis

(Fig.39, 33, Table No.7,8). The half wave potential

corresponded to the reduction of Co(II) ammonia,

Co(III) ammonia and binuelear oomplexes sre shown in

(Table No.8a). The height of the first wave was Just

half the second save. Limiting value of the current

for both the reduction steps were linear function of

concentration (studied in the concentration of the

complex of the complex of the order of 10" Mand 10" M)

(Flg.lA,8). The second reduction step remained un-
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effected in presence of equal concentration of

Cu(II). Both the reduction steps remained uninfluenced

by the presence of Ce(III), Cr(III) but equal

concentrations of Hi(II) and V(V) appreciably interfe

red. toi(I I) gave a preciptitate in ammonium citrate

medium. This interference was avoided by employing

the glycine medium. Polarograms are shown in (Fig.IB).

mm *«*iumi

Probably some binuelear complex was also

formed from the oxidation product of Co(II) and

reduction product of hexacyanoferrate (III) under

experimental conditions.

This eomplex was also found to reduce in two

steps. The first wave though was not well defined

but the limiting value of current was dependent on

the concentration of complex (Fig.3A curve 2,3,4,5;

Fig.9 curve 1,3,3,6). The second reduction step

vas well defined. Step height was dependent on

concentration and electrode process appeared to be

diffusion controlled as verified by the logarithmic

analysis and mercury pressure (Fig.34,35 Table N0.9,i0).

The slope of the straight line X-0.063V) obtained

from the plot of potential Vs I03 i-/ij-l suggested

one electron transfer process for the second reduction

step.

The second reduction step of the resulting
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eomplex was found to be of analytical importance.

Mh(Il) did not intefere in this step a well defined

step of vhlch was obtained after the second reduction

step. The polarograms are shown in (Flg.3B). Although

Cu(II) itself in glycine medium save two reduction

steps but its presence did not Interfere the seeond

reduction step of the complex. Cr(III), Ce(III) also

did not interfere in both the reduction steps of the

eomplex when tested in presence of equal concentrations

as that of Co(II). But V(V) and Ki(ll) seriously

interfered both the reduction steps.

_tettUoi.C-U

From the current voltage curves it was realised

that Co(III) glycine complex was reduced in two steps

irreversibly in different electrolytes and buffers

of dlfferant compositions ranging from pH 8.0 to 13,0.

The first wave vas not well defined almost in all

the buffers and electrolytes used, but it was com

paratively well defined in 0.066M sodium fluoride

0.33M glycine at pH 8.0 and in 0.133 calcium chloride;

0.53M glycine from pH 9.0 to 11.0. The half wave

potential for the first step in almost all the buffers

eould not be exactly calculated as the foot of the

wave vas deviating from the normal behaviour.

The second reduction step vas well defined

in all the buffers and electrolytes,the electrode
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proeess vas completely diffusion controlled as verified

by the effect of mercury pressure (Fig.37, Table No.18)

Logarithmic analysis in 0.066N sodium fluoride at pH

11.0 (Fig.36, Table No.11) suggested a one electron

transfer wave (slope • -0.85V). The limiting value

of current vas dependent on concentration studied in

—3
the concentration of the order of 10 M of the oomplax

(Fig.30). The limiting current and half wave potential

values were not much effected by pH. Generally at

the same pH value in the given concentration of support'

ing tlectrolyte the increase in the concentration of

glycine tended wave from more distorted to less

distorted form, but increase in pH at difinlte

concentration of glycine and supporting electrolyte

the Waves vere found to be more distorted. In 0.53M

glycine in defferent supporting electrolytes on increas*

ing pH from 8.0 to 13.0 the half wave potential Values

vere shifted to more (-ve) side (Table N .15).

Co(II) glycine complex vas found to reduce in

single step due to the reduction of Co(II) to Co(I)

complex. The step was well defined in all the buffers

having different electrolytes at different pH values.

Although the reduction was diffusion controlled as

verified by the effect of mercury pressure (Fig.39

Table No.14) but appeared to be irreversible as few

points for the plot of logarithmic analysis of lower
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* half of the wave vere far away from the straight line

(Fig.38 Table No. 13). The nature of the wave appeared

to be quite similar with the second wave of Co(III)
complex. Under similar condition of pH and electro

lytes concentration, the half wave potential values

for this step was quite ressembling vith that of

second step of resulting Co(III) glycine complex In
v

many eases.

the comparative statement for half wave

potential values in different buffers and supporting

electrolytes for Co(II) and Co(HI) glycine complexes

are shown in Table «o.l5 and polarograms in (Fig. 10-89).
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WMBM_BH____f*'1" m**---*
Thiamine is readily oxidised (l) under

controlled conditions by alkaline hexacyano-ferrate
o

(III). Thiitchrome is formed according to following

equations.

\*

H-f
V

Thiamine

-C Ha
-2e

••to itoto • —••-*•»

_//3

Thiochrome

3 Fe(CN)™ + Se = 3 Fe(CN)~"

and mainly this is the basis for the quantitative

determination of thiamine.

So far as the estimation of thiamine is

ooncerned Horwitt (3) has developed, polarographic,

chromatographic and colorimetric methods. Mickelson

and Yamamoto (3) have reviewed analytical methods

including, physicochemical enzymatic and microbiolo

gic techniques developed by many investigators

over the years.

Pletich (4) is reported to have developed

an Indirect polarographic method for the determina

tion of this vitamin in pharmaceutical products.

Vitamin Bx gives red precipitate with complex anion
Bi I4 when dissolved in 10 percent Bochelle salt

solution. An anodic step at d.m.e. due to iodide
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lon is recorded. The height of this step is

found to be directly proportional to vitamin B^

concentration.

Detailed investigations on the polarographic

behaviour of this vitamins have been carried out

by Taohl (5-13). The investigations based on

catalytic waves have also been reported by a number

of workers (14-17). For instance concentration

greater than l mg litre can be determined in

phosphate buffer of pH ranging from 6.6 to 7.3 from

the studies on catalytic waves.

It is evident from the literature cited

above that the polarographic methods so far used

for the estimation of vitamin B1 are either less

accurate (based on catalytic waves) or more time

consuming (based on indirect polarographic estima

tion). It vas, therefore considered worth while

to develope a simpler and direct method. Amperomet

ric titrations of thiamine vith hexacyanoferrate

(III) vere, therefore, tried for this purpose.

In the present section of the chapter results

on the amperometric titrations of thiamine vith

alkaline hexaoyanoferrate (III) have been reported.

The accuracy of the method vas chaoked by deter

mining its quantities in multivitamins tablets

supplied by Glaxo and Sqquib laboratories Private

Ltd. India. The method was also extended for the
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estimatlon of vitamin B1 in Elexir Bupcptine

sup. lied by Baptakos Brett, and Co. India.

Bach multivitamins tablet supplied by Olaxo

and sqquib laboratories contains 0.3 mg of thiamine

and thiamine hydrochloride respectively together

with several other vitamines and minerals. 10 ml

of Supeptln contain 0.3 mg of thiamine hydrochloride,

these quantities have been estimated with a fairly

good accuracy by amperometric titration.
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Heyrovaky LP-55 A polarograph operated

mannually in conjunction with a Pye Sclamp Oalvano-

nleter in external circuit was used. A dropping

mercury electrode having droptime 4.38 sees, and

weight of one drop = 0.0035 gm at applied potential

of 0.0 volt In 0.5M potassium chloride and phthalate

buffer of pH-4 at a height of mercury column 49.6

cm. vas used. The H-shaped polarographic cell and

reference electrode were kept immersed in thermos

tatic bath maintained at 30 - 0.1°C. Purified hydro

gen was used for dearatlon.

Reagents.

All the reagents were of A.R. quality,

solutions of lithium chloride, sodium hydroxide

were prepared in double distilled water, Solutions

of thiamine of required concentrations were prepared

in double distilled water by dissolving weighed

quantities. The solution of hexacyanoferrate (III)

was also prepared by dissolving weighed quantities

in water and strength was determined iodometrlcally

by titrating against sodium thlosulphate.

WtgttvT, 9f fo.enttali

To select appropriate potential for ampero

metric titrations polarograms of the solutions

containingi
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(1) 1.0 ml 1.13xlO~dM thiamine, 3.0 ml 8.0M
lithium ohloride, 4.0 ml 0.6M sodium hydroxide and

8.0 ml water.

(3) 3,0 mi 1.13xlO"2M hexaoyanoferrate (III)
-S*

1.0 ml 1.13x10 'M thiamine, 3.0 ml lithium chloride

4.0 ml, 0.5M lithium chloride and 6.0 ml water.

(3) 3.0 ml 1.13xlO"SM hexacyanoferrate (III)

3.0 aO. 3.0N lithium chloride, 4.0 ml 0.5M soludim-

hydroxlde and 3.0M1 water.

(4) 4.0 ml 0.5M sodium hydroxide 3.0 ml 3.0M

lithium ohloride + 9.0 ml water were recorded.

Results are tabulated belowi





-?3B-

___ a_i

l!U1* h_5_gT 1^™ 1 mrr.n

0.05 m . -8.75 .»

0.06 ** — 0.00 "*

0.08
4

— — 8.75 «.

0.10 _, m 3.66 -1.15

0.15 M _. 4.80 -0.10

0.30 _, -3.65 4.70 1.65

0.30 Ml -0.15 4.95 -

0.35 -1.70 ■♦0.95 - 3.00

0.40 -0.10 1.96 to —

0.45 ♦1.10 «e to —

0.50 1.40 me - •>

0.60 1.65 3.55 5.15 «*

0.70 1.90 3.10 — 3.30

0.80 3.36 3.40 5.40 -

0.90 3.65 3.85 -
«•

1.00 3.35 4.70 5.78 3.60

1.10 3.95 5.80 — -

1.30 4.45 6.35 5.86 3.80

1.30 5.00 7.10 -
«•

1.40 5.40 7.70 6.00 3.10

1.50 5.75 8.15 «. mm

1.60 6.40 8.60 6.15 3.70

1.70 6.65 8.95 mm •

1.80 7.15 • 8.15 4.50

1.90 8.60 * 5.00

Curve (1) (3) (3) (4)

*ig.l

Thiamine and mixture of thiamine and

hexacyanoferrate (III) did not give will defined

polarograms but hexaoyanoferrate (III) gave a

diffusion current at sero applied potential vith a

limiting value of the current in the potential

region from -0.88 V. to -0.4 Volts. The appropriate



potential for reverse (hexacyanoferrate (III) in

cell) and direct (thiamine in cell) amperometric

titrations was chosen as -0.35V. from the plateau

of hexacyanoferrate (III) polarogram. Results are

tabulated belows

MM Mo.3

Potential applied -0,35 (Reverse titrations)
TOlTo? hexacYj-ft,oferrata HID In cell!
Concentration of,thiamine _J!^l______uPi_ll3H~aS4—
Djiwoijail f^AitJ-atJ-ans. Ii? apA ^r&aP-gct^V-Ayt

Volume of{Concentration of haxacVanQferrata(III)
thiamine iZ^.QlH " } . O.PQltt.. ,,.-.0QPlH ••
»dded .Eunrent vu-k \ Cureent /<_ \ Surra*., r\k.

0.0 ml -

0.8 ml 7.95
0.4 ml 5.00
0.6 ml 3.85
o.8 mi 0.80
0.9 ml 0.15
1.0 ml 0.50

1.3 ml 0.50
1.4 ml 0.50
1.8 ml 0.50

5.70 6.95
5.00 6.30
4.40 8.70
3.80 5.35

— «•

3.80 4.95
3.40 4.55
3.30 4.30
3.30 3.85

Curve (1) (8) (3)
Fig.

immamtrig ,.xi_if.u<mt»

Procedure!

IttMSii MJkWmldmm*

3.0 sd of hexacyanofirrate (III) concentra

tion ranging between 0.01M to 0.0001M vas placed

in the polarographic cell, to this was added 5.0

ml of 0.5M sodium hydroxide and 1.0 ml of 8.OK



volume ff^^^exac^^ojbn^
thiamine added.

r/17) or

So Fig. 2

Volume of titrant, hexacyanoferrate (in> or

fh/ai77/'/?e added .
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lithium chloride and total volume vas made to 15.0

ml by water in eaeh ease. Oxygen was removed by

passing purified hydrogen, and titrated vlth

required concentration of thiamine added from

microburette at 0.36 V. Vs. S.C.8. solution vas

stirred by hydrogen after eaeh addition and reading

was recorded after a lapse of approximately five

minutes. The end points vere detected from the

intersections of two straight lines obtained by

by plotting current against the volume of the titrant

added. Readings are recorded belowi

£_-&8, Hft-,.3.,

PotentIjIJ-JttHH -Pi3?? tte_B____te_^W"__|
&&JBJLM -hlftmjnfl In .cell), _8iMWftj:atl«L_flt„
h,e^CVanof_-_»_t« trill »• Bwntlon in t«^| £qr
titration JUJUI xenpegt Ively,,..

volume of I ., .mftptxiiU9n .9C .thiamine,
hexacyano- KfrOUMOaWiaaif .7 I ~<?-,QQiagZ
ferrate I Currents I Current aA I Current^-k
(Jll) %Mm | I

3.1 3.05
3.1 3.05
3.1 3.05
3.1 3.05
3.1 3.10

— to

3.1 3.30
— —

3.6 3.70

4.3 4.10

4.9 4.80

Hi 11 ii, • 11 i— MM—— — 'M— •*'•!* —Sg- mmmmmwmmwmmmMmmmmmmmmmmmmmmwmmmmmwm m me—•— 11 mmmmm*mmm'*mmmmmmmmmm*mmmwm*

Curve (4) (5) (8)

Fig.(3)

0.0 ml 0.35
0.8 ml 0.35
0.4 ml 0.35
0.6 ml 0.35
0.8 ml 0.35
0.9 ml *

1.0 ml 0.40
1.1 ml 0.60
1.3 ml 1.30
1.3 ml 1,90
1.4 ml -

1.5 ml 3.40
1.6 ml -
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-Ire-t Titration a»

Similar to reverse titrations O.S ml of

thiamine of the concentration ranging from (0.0113M

to 0.000113M) vas placed in the polarographic cell.

Titrations were carried out exactly under similar

conditions ss in direct titrations. Hexacyanoferrate

(III) was used as titr«r»t. Results are tabulated

belowt

SstlBatlon Of thiamine in Multlv Italian Tablet at

One tablet of multivitamin either Glaxo or

Sqquib vas crushed to powder and dissolved in vater,

undissolved residue vas rejected by f-Iteration.

Filtrate was diluted to 100 _a. reverse titrations

vere carried out under the conditions mentioned above

by taking 3.0 ml of i.0xl0"4M hexacyanoferrate (IH)
in the cell. Readings are recorded belowi

X-ffiig B9>.4

Sstlmatlon of thiamine in the tablet of multivitamine
__e/—_—-1_*'j| 'J£'*'_' TiTrjHWn MiBryi i ."i_ . ii'-iiitijja t ii iiiiij_.ii

-in^4m° * °f h^fleyflnoferr^e PM tl <?«U.

-__-yltamln added I Senstivity l/l currant ^a

0.0 ml 5.75
0.8 ml 4.50
0.4 mi 3.65
0.6 mi 3.95
0.8 mi 3.60
0.9 ml 3.60
1.0 ml 3.40
1.8 ml 3.35
1.4 mi 1.95
1.8 ml 1.70
1.8 ml 1.45

Curve (7) ———
Fig.3
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Sfltlmatlon of thiamine in fiupeptlng.

16.0 ml of Supeptine vas dissolved in water.

The filtrate was diluted to 100.0 ml. Amperometric

titrations were carried out in the usual way by

taking 3.0 mi of hexacyanoferrate (III) solution

in the cell. Readings are recorded below.

Table Kq.fi

ffiiB-_f°^__7__--^n»all Mfet-llil ot nultivltamina

8611 it lei ml,,,

Intimation of thltflnf in the t^ble,!
Jittttlbb). potential «pl_.led -o.j-svy
tolume of hexacvanoferrata (III) fa
Utl3x^4H).

Xl&lIf^Jgl&ai__!l^^ .1/1 j&H£ll3mj2£
0.0 ml 5.8

0.3 ml 4.9

0.4 ml 3.8

0.6 ml 3#a

0.8 ml 3.5

1.0 ml 8.0

1.3 ml 8.1

1.6 ml 1.9

1.8 ml 1.65

3.0 ml 1,55

—'"" " ' • - •- r , ii ii b j. j i. , ii I,, i ii i i

Curve (8)

Fig.a



iM-flU*'

~?40-

MM flo.8.

_jtf ttUaqln,. in, fli_R.PUfi- aywrn
il appll-- -Sa-BL _

Yoluraa .of, .hjraacyaffioloxr.atft (IH) in gall »,__-,0 al
Cl-13^1P"4n),.

BBS 3 _B S55 3_H__B-_BBD5 i/i BEBBSu
0.0 ml 6.55

0.8 ml 8.90

0.3 mi 3.45
c

0.4 ml 1.90

0.6 ml 1.55

0.6 ml 1.30

0.8 ml 0.30

1.0 ml 0.30

1.8 ml 0.30

1.4 ml 0.30

—to—a—a————lI am in • i • mi mi i i i • • | ———a m I i • • n n

Curve (9)

Fig. 8
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—Ii AND pi^gU^ON.

From the amperometric titration curve it vas

found possible to determine 3.0 mg. of the thiamine

in 15.0 ml of the solutions, in direet and reverse

titrations vith a fairly good accuracy. Good results

vere siso obtained vhen thiamine vas determined in

Bupeptine. Results are summarised in Table No.7.

(Fig.3) curves (1.13) represent the typical

amperometric titration curves vith hexaoyanoferrate

(III) in the cell. In the dilute solutions of the

reactants the nature of the curves (Fig.3) deviated

slightly from the aspected behaviour. But however,

from the point of interactions of the two branches

of curves the concentration of the vitamin eould

still be determined with accuracy.

In the ease of direet titrations (vitamin

in the cell) typical curves vere obtained at all

concentrations of the vitamin (Fig. curves IV to VI).

Sharp inflexion points vere obtained even with very

dilute solutions of the reaotants.
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tlft- H9.7

__,.th.- JBatlaatlgn .ftf .Yartntlcna .contenti
k-Xtaft.

Amount of Thiamine Present Found from Ampenometrle
per 100 ml titrations

Bey?--- Uta/mim*•

(1) 300 mgs 301 mgs.

(8) 30 mgs 89,88 mgs.

(3) 3 mgs 8.994 mgs.

i&BBtt Xltrntlana

(4) 300 qgs 399.45 mgs.

(5) 30 mgs. 39.78 ags.

(6) 3 mgs. 3.9 mgs.

l_Uttli___-f__i Tsbieta

(7) Olaxo 30.0 mgs 3.968 mgs.

(8) Sqquib 3.43 mgs 3.383 mgs.

Svrup

(9) Bupeptine 3.396 mgs. 3.854 mgs.
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iMJULXJUm. JL

Infraction, of pyrl-lne vita h^gcyan/fferxatt
(ii).

(Part I)



__.£%_______.mm cimmmmm

spectrophotometrlc studies on the composition and
staMiifcy ofnyrldine_aom__]___-__lth h_T.n.Vf,noferrata

W.M. Cunning has reported a number of reaotion

products of organic bases (l) (aniline, O-toluidlne,

dlmethylamiine, pyridine, bensidine and lsoquinollne)

and that of basic dye stuffs (bismark brovn, auramine,

ehrysoidine y, mangenta malachite green, methyl violet,

proflavine and aoriflavlne etc.) vith hexacyano

ferrate (II) and ferrate (III). Qadreau (8) reported

several alkollds and Barblerl (3) prepared tetramine

derivatives of hexacyanoferrate (II). The former

vorker also extended his studies for the estimation •

of several hydroferro and ferrleyaMdes of methyl -

diphenylamine, tetraphenyl-dlamonodlphenyl methane,

hexamethylenetetraamine, dimethyl amlnoazobensene,

monomethyl-p-amino phenol etc. All these workers

employed either purely analytical methods for deter

mining the composition of these products. Ho

attention was, however, paid to determine composition

and stability of these products in solutions vlth

the help of physico-chemical methods.

Considering the limitations of gravimetric

and volumetric methods adoptted by these workers,

to study their composition, spectrophotometrlo

studies on the stability and composition on the

reaction product of pyridine vith hexacyanoferrate

(II) vere carried out.
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Prellminary experiments indicated that on

mixing the dilute solutions of pyridine and hexa

cyanoferrate (II) no change in colour, vas observed

even on keeping the reaotion mixture for several

days. But vhen the pH of the reactants mixture

vas adjusted between 3.0 to 4.5 by hydrochloric

acid a dark yellowish colour was developed vithin

few hours. Therefore the nature of the complex

was studied speotrophotometrleally.
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apparatus and solutionst

Baush and Lomb spectronic-30 was used for

carrying out the optical density measurements.

Beckman pH meter model H-8 was used for adjusting

the pH of the solutions.

Stock solution of hexacyanoferrate (II) was

prepared by dissolving weighed quantity in double

distilled water and its strength was determined

potentiometrieslly against potassium permanganate.

Solutions of required concentrations were prepared

by diluting the stock solution and adjusted them at

required pH.

Pyridine was purified by the method recommended

by Wahlin (4) and its solutions of required concen

trations were prepared in double distilled water at

required pH.

The following experiments were performed to

study the nature of the complex.

g-Ttrt.vt.uBB'

In order to select a suitable pH for studying

the composition of the complex 4.0 ml 10*2M hexacyno-
• • —3

ferrate (II) was mixed with 4.0 ml 10 M pyridine

separately in six pyrex conical flasks. Total volume

vas made to 30.0 ml by adjusting pH to 3.0, 3.5, 4.0,

4.5, 5.0 and 6.0 respectively. Kept the mixtures for

34 hours and their optical density values vere
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measured in visible region. Maximum change in optical

density values vas observed at pH 3.5 at 400 m «.

Therefore this pH vas used for carrying out further

studies.Results sre tabulated below.

Effect of pH on the abforbance of the mixtures of
iMtoa-t»l-to-iSdaJttii..iar.it •Lv / I ni

-ifftmt. wava l_n.taa.
>™<rTT\TM***mwmrAirwcrT.m'nvm*&>

.QittUsjil -ianaltt.3
a-_6 I a. s | 4.0 1 4.5 i 6.0 t 6.Q

0.75

0.63

0.64

0.68

0.68

0.66

0.55

0.33

0.18

0.10

(1)

0.83

0.65

0.75

0.97

0.98

0.95

0.77

0.85

0.10

0.09

(3)

0.83

0.68

0.78

0.77

0.78

0.75

0.63

0.38

0.15

O.U

(3)

Fig.i

0.78

0.64

0.59

0.58

Or57

0.58

0.35

0.14

(4)

0.68

0.57

0.53

0.49

0.48

0.47

0.46

0.43

0.33

O.U

(8)

0.49

0.35

0.33

0.81

0.80

0.19

0.17

0.10

0.03

(8)
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q^mposltlon of thp comrlexi

In order to ascertain the possibility of

more than one eomplex 0.01M solution of the reactants

(pH of each was adjusted to 3.6 by hydroehlorio acid)

were mixed in the ratios of hexacyanoferrate (II)

to pyridine as HO, 3il, HI, 1*3 and H3 (VosBurgh

and Cooper's method (6)), in each case total volume

vas made to 30.0 ml by water maintaining the pK to

3.6 with hydrochloric acid. The ralxturesvere kept

for 48 hours. Bach solution (exeept Ho.l which

contained 0.1xl0"8M hexacyanoferrate (II) and the

O.D. of vhich continuously decreased beyond 375 m/t)

gave an absorption maximum at 400 m/_and maximum

value vas observed in the mixture containing hexacyano

ferrate (II) and pyridine In the ratio H2. Results

are tabulated below:

Tltffff 119,- '

Absorbance of various mixtures fcjggtflfll and hexa-
cVanoferrat^ (fl,) ' ,(,e,ag_ p^liKT. .*ft at alitor-rifr, ¥aV_»
AflinKtha at m mm

Hatio of 1 vPtlffal BBS ,
hexacyano- III I
ferrate (II)I HO X 8il 1 HI I H3 1 H3
» Si 1JH1T tiAHto* 11B iA i i inn - in ,*. i« n. .in n .*• . .•! .•-•» mmtl... m mm mil, iff i I mi —»

Wavelength
m/A,

336 0.85 0.55 0.78 0.83 0.54
350 0.18 0.40 0.61 0.46 0.38
375 O.U 0.43 0.54 0.49 0.44
390 0.10 0.48 0.58 0.54 0.50
400 0.09 0.49 0.58 0.60 0.53
410 0.08 0.48 0.56 0.58 0.61
435 0.07 0.30 0.46 0.47 0.33
480 0.04 0.13 0.30 0.18 0.09
475 0.08 0.04 O.U 0.05 -

500 0.01 0.03 0.08 0.04 _

cJurve (1) (3)

Fig. 3

(3) w (&)
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The composition of the oomplex was studied

by Job's method of continued variation. The absorp

tion of the two sets of mixtures of the equimolecular
-3

solutions of two different concentrations (1.0x10 M

and 0.666xlO~2M)of hexacyanoferrate (II) and pyridine

in 80.0 al of total volume maintained at pH 3.5

vere measured at 400 m/_after keeping the mixtures for

48 hours. From Fig.3 it vill be seen that complex

species responsible for the maximum colour change

has a hexacyanoferrate (II), pyridine ratio as 3il.

Results are tabulated belowi

TABLE No.3

Job's methog of Qontlraed variation, Concentration
9_..tft_.r.e,act...n<ta ,u.t aflt? a l.QxlQ-^HL fi-ng,entr,atlag
of the react anta (3nd set) c 0.666^10"****- To^aJ,

B5 uSm Hi •_# ph »3.s

Volume of iVolume of|D1 fferencT'of optical density
hexacyano- {pyridine lvalues betveen complex and
ferrate (XX)Isi Ihexacvanoferrate (II)

•Bfl 1 • • 1 3fit I 1 3-t U

4.5 0.5 0.37 0.315
4.0 1.0 0.40 0.380
3.5 1.5 0.436 0.405
3.0 3.0 0.45 0.410
3.5 3.5 0.43 0.400
3.0 3.0 0.41 0.385
1.5 3.5 0.39 0.360
1.0 4.0 0.366 0.340
0.5 4.5

'—"••"•""• " i«-'- -ii" »•» aia I...— in. ii i a , .i ii. in. i i ii , i .„. .„

Curve (l) (3)

Fig. 3
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The composition of the complex was also

confirmed by molar ratio method (7). For vhieh

solution in two sets with 1.0xlO"2M and 0.666x10" «"

reaotants were prepared. In both the sets 0.6, 1.0,

1.5, 3.0, 3.5, 3.0 and 4.0 ml of hexacyanoferrate

(II) was mixed with 4.0 ml of pyridine and total

volume vas made to 30.0 ml by maintlng the pH 3.5.

Optical density values for both the sets of solutions

were measured at 400 r&M, It will be seen from Fig.4

that the hexacyanoferrate (n) and pyridine combines

in the ratio 3tl. Results are tabulated belowt

MM »9.*

M-ilar ratio W6mm%
-3

Concentration of the reactants (Bet I) « l»QxlQ X
gqqcantrntlon of tha JPaactalita (Set III « 0-666x10"*._.
IUIujk? Qf pyrldlnt XfUta). • 4.0, aft •••,.•
l9tftl vqjhm au » ao,.,fl, aft-
Mav.- length _QQ my** pHjelJL&—

Volume of 1. , „. , o|_-l,fial JSSS VftlUna —
hexacyano A T
ferrate (11)1 8et I I Set II

0.6 0.85 0.186

1.0 0.38 0.88

1.5 0.47 0.36

8.0 0.58 0.44

8.6 0.56 0.47

3.0 0.565 0.48

4.0 0.57 0.49

Curve TIS TsS

Fig .4
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___B____U-I -„natant»

Apparent formation constant of the complex

has been determined following the method of Anderson

et al (8) and Day et al (9). Taking the case of

general system.

mA ♦ nB « Aa Bn

* " Ta^tOTfcwT" (1>
where x is the concentration of the complex and a,b

are the initial concentrations of the reactants.

For the formation of its complex, equation 1 can be

written ass

K " (a-x)*(b-,x)8 <2>

Taking the two concentrations alt a2 and bi and b8

having the same absorbance i.e. for the same value

of x ve can have from equation Ho.8.

Km(ai-xftaa-SxT2 a (bg-x)fb3-5x)^ (3)
o 8or 4 x3 (ai*b1)-(as+bg) +xb£ - -i x ♦

4 (eg bg-ai b^x+Ui bx - a-» bg ) « 0

2 _3i(b^-bf)44(«^ Vn»i>l}|5*l - *!)♦4 <*3 V"! *i>]
___g _• '•" M'"' •—-—— ii rv^ a. —.j. •—-.—-—Mgmsssi toJ

-1« r_a^bi)-(a2^) <»lPl-agbg)_
8^||Mai^ (4)

Knowing the value of x from equation 4 the

value of K, the apparent formation constant can be

found out from equation 3.

For determining the value of the formation
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oonstant, the O.D. readings recorded during the Job's

method were utilised. In this O.D. Values vere ploted

against the ratio K4Fe(CS)e/K4Fe(CN)d + Pyridine.

Thus taking the two concentration of the reactants

1.0xlO*2M and 0.666xlO"2M, the formation constant

of the pyridine hexacyanoferrate (II) complex was

calculated ass

Taking ax » 0.06xlO*2M a2 • 0.046xlO*"2M
t^ *0.30xlO~2M bg • 0.138xl0"2M

The value of x from equation (4) came out to be

30.6x10*'M and K from equation (3) came out to be

8.686 at pB 3.6 maintained with hydrochloric acid.

Bfftx'a LaB-CEt'fl fcag

The coloured system obeyed the Beer's

1 ambert'_ at 400 m u. Fig.(5) shows the results of

experiments carried out with 0.03 to 0.13x10 M

hexacyanoferrate (II) in 0.5xlO"2K concentration of

pyridine. Results are tabulated belowi

Ile-ffi KM

fiatr'a Law

Concentration of the reactants = yOx^p H
Wave l*T«th 400 m, M. p,

Mh«q qC pyrl-to (f^gOL. * W_"__. -
lata! ,.v.-lUlfl. • 1Q.-.Q, iffil .

Volume of I Optical density aflr
hexacyanoferrate (II) I
mKmtmmmmmmmm** 6Sia-_M-JMaaFSalS-W-->Wa^sBsg>MS-8aWsa>mW_P-_i «-»——mmmmm- I jSMM__WP-aasa-Ms3_Hg_saa__WWW_WMW|

0.8 0.16
0.4 0.33
0.6 0.45
0.8 0.58
1.0 0.70
1*3 0.85

Curve (l)
Fi_.S
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FIG. 4-

O-l o-2 0-3 O-A OS °-6 0-7 OB 0-9 I'O

MOLAR BATiO METHOD

Moles A* Fe C^6/Moles -_ Hg„

Curve i. concentration of reactants o-i*io~2m .

Curve 2. Concentration of reoctcnt o-66Sxio'2m

Totol volume 2o-o ml.

Fig. 5

o-o oi o-2 o-i o-4 o-s o-6 0-7 o-a o-9 l-o J.J 1-2
xio-^m.

Concentration of x^. fc _y
validity of beer's law
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ISXAVMxnvhU frth^viouT. ,qf, JmiSBUAlSM tatracyanofwate
(II) complex at dropping mercury electrodeI

Existing literature provides several references

on the polarographic behaviour of pyridine and its

derivatives (1-10) (piconl lie acid, nicotinic acid,

isonicotionlc acid, nicotinamide, methyl pyridinium

hydroxide, trigonelline and homarlne etc.).

Several mixed complex cyanides of pyridine and

phenonthroline have been investigated by Shilt (11)

and Hamer (13). These so far have not been studied

polarographlcally. Therefore it vas thought worth

while to carry out studies in this direction, with
-__Y_.

a view to estimate bipyridine hexacyanoferrate (II)

complex at dropping mercury electrode.

i}UgMMq8iA|j I
Apparatus*

Heyrbsky polarograph LP 55a operated mannually

was used (details are given in Chapter nz partm page)l£>

The polarographic cell and the reference electrode

(S.C.B.) were kept immersed in thermostatic bath

maintained at 35 - 0.1°C. Nitrogen was used for

deaeratfon.

Beckman pH-meter Model H-3 was used for measuring

the pH of the solutions.

-Ipyxlfllnq tetraeyanofmUi ill) trlhy.flrate.t

This was prepared by the method as recommended

by Shilt (11). The solution of the dark violet

crystalline product was prepared in double distilled
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water assuming the formula K-jFe(CN)4 (bipy)~j.3RV>0.

Offers and electrolytes!.

Solutions of buffers and other electrolytes

were prepared in double distilled water. Walpole

(sodium acetate and hydrochloric aeld eaeh 0.8M)}

disodium hydrogen phosphate (O.lM) and citric acid

(O.lM)} dipotassium hydrogen phosphate (O.lM) and

hydrochloric acid (O.lM)} dipotassium hydrogen phosphate

(O.lM) and sodium hydroxide (O.lM)} Haegeli and Tyabji

(borax 0.6 and sodium hydroxide O.lM) buffers in pH

range (3.0 to 5.0)} (3.0 to 8.0)} (3.0 to 4.0) }

(5.0 to 8.0) and (9.5 to 13.0) respectively vere

prepared by mixing requisite quantities*

To study the reduction of complex over a wide

range of pH, several solutions were prepared. Bach
-a

consisted of 3.0 ml 10 M complex and 17.0 ml of

buffers of pH values ranging from 3.0 to 18.0.

Since catalytic waves vere realised in sodium

acetate and hydroehlorio acid buffer pH range 3.0

to 5.0, the effect of complex concentration on the

eatatytlc wave, only at pH 3.0 was studied. The

following six solutions were prepared.

Increasing amounts of(0.0, 3.0, 4.0, 6.0, 8,0,

10.0 ml of 10"*2M) of the complex was added to 30.0 ml

of buffer of pH 3.0, total volume was made to 40.0 ml

by adding requisite quantity of water.

In pH range 6.0 to 8.0 both the catalytic and
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reduction waves were obtained. In order to study

the effect of the complex concentration on these

two waves, similar type of solutions as mentioned

above were prepared in dipotassium hydrogen phosphate,

sodium hydroxide buffer at pH 8,0. The effect of

complex concentration on the reduction wave was also

studied in dlsodium hydrogen phosphate and cltrio

aeld buffer- at pH 8.0. Results are tabulated belowt

TABLE Ho.l

Current Potential readings of the mixtures c ontaining
O.l^x^O-^M blDVTidina tfetr^-Vaqqfflrrata. .(.H) eamr.lp-.

sfOdiUttf .aaat«te and hvdrochloric acid buffers of i>H
1

Potentlair jft
(-ve)voltsL

L 3..0 * 3-0 I 4.0 I 8|-0 ,

1.0 0.16 — — •

i.i 0.30 — — «.

1.3 0.35 0.35 — -

1.36 0.30 0.30 •• —

1.36 0.70 0.35 0.30 •

1.35 1.50 0.60 • •

1.40 3.90 0.70 0.45 0.40
1.45 4.55 3.30 1.00 0.50
1.50 5.50 4.00 3.00 0.80
1.53 5.80 5.00 mm •

1.56 6.10 mm 4.00 1.80
1.58 6.40 5.60 a. mm

1.60 8.60 5.80 5.00 3.30
1.63 6.65 • • 4.30
1.65 7.00 6.30 5.60 5.30
1.68 • 8.30 _ mm

1.70 3.50 6.80 5.80 5.35
1.75 — 8.30 6.40 6.40
1.80 — «• 7.80 5,30
1.85 «• —

-
7.30

Curve (1) (8)

Fig.i

(3) (4)
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jABLB Ho.3

Current potential data of the mixtures containing
Increasing amounts of^comrLex_a_; nH 3.Q in sodium _C_ta.fi
iM ,,hY<3r9Q,m.-rl_ jft--_bJ-f.f.«£«

Potential
(-ve) volts,

1 J-J--3 , I IT 0.3 ,11 ft-J I Qi5

1,3 0.8 0.8 0,3 0.8 0.8 0.8

1.3 0.3 0.8 0.8 0.3 0.3 0.8

1.35 0.68 0.5 0.6 0.7 0.7

1.40 1.3 1.1 1.4 1.5 1.5 0.3

1.45 8.3 8.3 3.0 8.8 3.0

1.50 4.0 4.0 4.6 4.6 4.9 0.6

1.55 5.0 5.45 5.9 5.7 6.9

1.60 5.86 6.3 6.8 8.7 6.0 0.7

1.63 6.0 6.3 7.0 7,1 7.1

1.65 6.3 6.6 7.3 7.3 7.4

1.70 7.36 7.5 7.8 7.7 7.8 1.8

1,80 - 8.4

iim • • • ii I • I il • ito»toa»toto«toto—Matoto—a—atoa——WW—wtoto—tomi n ill in I Im m i i i

Curve (1) (3) (3) (4) (6) (6)

Fig. 8
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Wf9 Nftea *

Current potential dat$ for the c
containing O.lSxlO-^M comrle„ an

analytic >fsve| of thsLffT
-.--Ptuu

^nd citric acid J___£___j-i SA-ta

Potential I
(-ve) volts!

a !

Oil A

JS. .4tCLJL "3'H' ' T"r

1.0 0.3 0.3 0.3 0.3 0.3 0.3 ..

i.i 0.3 0.3 0.3 0.3 0.3 0.3 to

1.9 0.4 0.4 0.35 0.35 0.35 0.35 to

1.3 0.6 0.46 0.46 0.45 0.45 0.45 to

1.36 3.0 0.7 0.50 0.45 0.45 0.45
*

1.40 5.8 3.0 0.55 0.60 0.50 0.50 -

1.45 6.8 5.0 2.00 1.00 0.60
- -

1.47 8.5 5.5 4.00 3.50 0.60
- "

1.80 6.7 6.0 4.40 4.00 0.90
-

0.6

1.55 7.5 6.5 8.00 4.60 3.00 1.00 0.65

1.60 - 7.5 6.50 5.90 4.50 8.60 1.30

1.68 to a. -
• 5.30 3.80

-

1.68 to to 7.40 6.50 5.60 4.60 3.00

1.67 to to - -
» 5.80 4.00

1.70 - to - 7.10 6.00 5.30 4.80

1.75 to to to .. 6.80 5.80 5.00

1.80 m to to to * 6.70 6.80

1.85
-

to
• -

a.
•

6.7

Curve (1) (8) (3) (4) (5) (6) (7)

Flg.3A



So h J 2 3

Pig. 3

Dependence of the height of the catatytic wavr
of the Complex Co-is xic--2M) on fin (-foH 2-0,3-0,
4-o, so, 6-o, r-o and so for curves 1,2,1,4-,5, _and 7
respectively) i„ disodium hydrophosphate and

Cifric QCid buffer .

Pig. 6

Dependence of kinetic current of the complex
(o-i5 xio-1m) on pH (pH 9-5,10-0,70-5 and n-ofor
curves 1,2,3 and 4 respectively yin borax and

sodium hydro*/de buffer .
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gurrent potential data for catalytic waves of the
mixtures containing 0.15_1Q-<*M complex and dl-odlHm
hydrogen Phosphate and sodium hydroxide buffar pff
(9.0 ttf q.qIl

Potential 1, CttmntMk
(-ve)volts. PH

1— IfO 1 ,2tP \ 3fQ Z
0.85

0.85

0.30

0.30

0.35

0,50

1.8 0.35

1.3 0.35

1.4 0.30

1.45 0.30

1.50 0.50

1.56 1.90

1.68 3.00

1.60 3.70

1.63 4.80

1.66 4.60

1.67 <•»

1.70 5.30

1.73 5.30

1.75 5.60

1.77 _

1.80 6.10

1.85 -

1.90 _,

1.80

to 0.5

3.70 1.0

4.10 1.8

4.70 «

•. 3.60

5.00 4.30

5.00 4.60

6.40 4.70

6.30 5.40

6.50

Curve (l) (8) (3)

Fig.3B



7o

60

i$s-o

\Co
Cj

?5-e

20

l-o

l-o 1-1 12 13 1-4 16 J-7 7-8 J-9 2-0

-> poten't/ai - ve

Dependence of the height of catalytic ivave of the

complex cc-i5*io~2A7) on pn ( Ph6-o, 70 ands-o for
for curves .1,2 and respectively) in dipotassium
hydrogen phosphate and sodium hydroxide buffer

Fig ?B

'—" 1 1 1 1 I I 1 |__

o-o 0-2 o-4 o-6 o-a l-o 12 1-4 i-6 n* 10 ' /_
o-4 0-6 °'a JV IZ00 o-2

->POT£NTIAL -ve

Curve 1,2.5 represent the reduction of the complex lo-is»io'2/>?)

IN disodium hydrogen phosphate and citric add buffer of

PH 60,70 and so curve 4j6 and 6 represent. The dependence
of limiting current on concentration of complex

(0-2,0-3, o-4%io-2M), at pH _-o .

Fig 5
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|__U_IaVJ

Current potential data for reduction .wft-.a,jC Hi
mixtures containing 0.3_5xI0_" _M_ aomElfij lit) Ota-

PH ,.$_Q .to .8,1,0,

Potential*
(-ve)voltsl PHr_,,_„.

6.0 I 7.0 £ 8.0

0.0 1.80 1.45 1.40
0.08 2.10 1.65 1.65
0.05 2.35 2.15 8.40
0.10 3.95 3.95 3.15
0.15 4.50 3.35 3.60
0.80 4.85 3.55 4.05
0.30 5.80 3.75 4.55
0.40 5.25 3.95 4.85
0.50 5.45 4.10 4.90
0.60 5.50 4.80 5.16
0.70 6.95 4.40 5.35
0.80 6,35 4.80 5.75
0.85 8.70 _ 6.95
0.90 6.95 5.80 6.35
1.00 7.45 5.50 6.80
1.10 7.75 5.80 7.10
1.30 7.96 5.88 7.30
1.30 8.00 5.95 7.38
1.35 8.05 « -

1.40 8.35 6.40 7.40

Curve (1) (2) (4)

Fig.4



12-e

11o

10-0

9.0

so

TO

6-0

5-0

lt-0 /
/
S'

3-o

20

l-o

o-e o-a l-o 12 i-4 16 la 2-o o-o
o-o o-o 00 0-2 o-4 o-6 o-a 10 1-2 i-4

> fo tentla I (- ve;
Fig 4.

Curve 1,2 represent the reduction wave of the complex (015 xio'm)

in dipotassium hydrogen phosphate and sodium hydroxide buffer
at pH 60, 7-0

curves

3,4>5,6 and 7 represent the dependence of limiting current
on concentration of the complex {010, 0-75,0-20 , 030, o-4-o M)

at oh s-o .
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&yid_j&f_aj_

___P_________Js|____ ?£?« fJ?r-_h?AfJ
the mixtures containing 0.15x10'

luction waves o

,,.,93.1qx .and
diaodium hydrogen Phosphate and citric acid buffer
|r Tftii^WBipiAfa _a_a6 -HP. BmmmimMm

Potential .1-
Currant PC k

(-ve)volt
t , ,6.0 T \ , T-0 I 8.0

0.10 4.00 3.50 3.40
0.15 4.60 4.00 3.75
0.20 4.85 4.4o 4.00
0.25 5.05 4.65 4.30
0.30 5.30 4.75 4.X
0.40 5,35 4.95 4.40
0.50 5.50 5.15 4.50
0.60 5.60 5.35 4.65
0.70 5.90 5.55 4.95
0.80 6.50 6.00 5.40
0.90 6.95 6.45 8.00
1.00 7.40 6.90 6.30
1.10 7.80 7.00 6.40
1.30 7.80 7.15 5.50
1.25 7.85 7.30 6.60
1.30 7.90 7.40 8.60
1.40 6.75

Curve (1) (2) (3)

Fig. 6
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fl-iy-nt potfintlal data, .for thn ,r.ffid_gtlqn vav
^jhe mixtures containing Increasing .amount* of tn_
qgnpiex at pH 8_o in dinotasalum hydrogen mQ«ttnat8-
anfl so-lttO-rirpa-lflq buffer.'

Potential £_
(-ve)voltsta>

0.00
0.06
0.10
0.15
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
1.10
1.30
1.30
1.40
1.50

Curve

QUUmt J±k . 9 ••
.g_Pfiantr,atlQn.,a--Q"zM

A... .0.-81, ini.l... ..Qii3 i I i Qi»4-JUL

1.40
3.40
3.15
3.60
4.00
4.50
4.30
4.90
4.95
5.06
5.30
5.60
6.00
6.30
6.40
6.46
3.60
7.00

(3)

Fig.4

4.80 « —

4.90 - -

5.00 5.00 5.00
5.30 5.25 5.30
5.50 5.60 5.70
6.30 6.50 8.10
7.80 8.60 9.60
8.10 9.10 10.00
8.80 9.40 10.40
8.35 9.60 10.60
3.40 9.80 10.80
9.00 to -

(8) (6) (7)
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;,-o

so

4-S
0-J o-2 03 o-li o-s 06 07 os

•»• concentration of 6ex&c</onoferrate (//)
Plot of limiting current (<£) vs concentration of
the complex curved) f>Hat3-o (sodium acetate
and hydrochlonic acid buffer) and curve 2.
at f>H 9-0 ( disodium hydrogen phosphate
and citric acid buffer)

Fig 8.

•**
70

60 -©-*-

So
30 5o 60

>4
So 60

-/
70 So x JO

Curve 1 Plot of h vs ip and

Curve 2 Plot of JJ' vs i? at

fiH 30 in Sodium acetate and

hydrochloric acid buffer.

FiG. 7.
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forrent potential data for the r.flMcUon, WU JL
__m-ie_ at pK 8.0 in dlaodlum hyflroren MM___fc_M
and oitry? acid buffer!

(.ve) voltsi ..-fins!u&cation xl0-2j|

i.CU-0. 1- P.-O. .

0.10 3.40 3.40 3.40

0.18 3.75 3.78 3.75

0.80 4.00 4.00 4.00

0.26 4.15 4.18 4.15

0.30 4.85 4.86 4.85

0.40 4.35 4.35 4.35

0.50 4.50 4.56 4.60

0.60 4.55 4.70 4.90

0.70 4.90 6.18 5.40

0.80 5.45 6.00 7.00

0.90 6,80 7.00 8.40

1.00 6,80 7.46 8.70

1.10 6.90 7.70 8.80

1*80 6.96 7.80 8.80

Curve (4) (5) (6)

Fig. 6
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Fig. 9.

Curve J. plot of P, vs k and

irio 2/fot °f •** k otpit ao for reduction wave
( •potassium hydrogen phosphate
and sodium hydroxide buffer)

t

^

curve j, x

curve 2. o

ss

so

•x—e—x—e *—& *-e—e—x-

b-5
3o

SO

Fig. jo.

Ao

6Q

50 60

8o*to

• Carve /. plot off, vs L^ and'

Curve 2. Plot ofjjys ^ at

ph jo-o for kinetic i^ave

(borat and sodium hydroxide buffer)
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TA^K Ho.8

mrrnnt r"*-"" r1 **+•* *«- the Mnetic waves of |ML
g-tges^origanlia-i^^^
n'MUlffl hvdro-ide buffers nH fft.fi t.9 n.0U

P«__n_la1 r fittgretlt M
(-ve) volts! Pa —_- 1——-

1.30 0.88

1.40 0.38

1.60 0.38

1.60 0.80 0.48 0.40 0.40

1.63 1.00

1.68 1.70 LOO 0.50 0.45

1.68 3.00 • -

1.70 3.60 8.00 0.70 0.50

1.73 3.90

1.75 4.80 3.40

1.78 - 3.60

1.80 5.00 3.80

1.83 6.40 4.30

1.85 5.60 5.00

1.87

1,90 6.30 5.30

1.WS "•

1.95 - S-00

1.97

Curve

3.00 —

3.30 3.00

to -

3.70 3.00

4.00 -

4.50 3.50

to 4.00

6-10 4.50

.. 4.90

(1) (8) (3) (4)

Fig.6
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The nature of the electrode processes was

ascertained by studying the effect of mercury pressure
-3

on the limiting current (ii) of 0.15x10 Mcomplex

concentration at the required pH. Curves were plotted

between h Vs ii and JBTVs ^ vhere h • heXp. - hbaclc
•»* hback • S.l/*1'3^3.
l^eaulta and QJacusslont

From current voltage curves it vas concluded

that the compound gave catalytic hydrogen and kinetic

waves in pH range (2,0 to 9,0), and (9,5 to 11.0)

respectively. In addition to these waves a reduction

wave in pH range (6.0 to 8.0) was also realised.

In sodium acetate and hydrochloric add buffer

(pH range 3.0 to 5.0) catalytic hydrogen wave was

obtained (Fig.i, Fig.7) the % of _hich became more -ve

with an Increase In pH. The wave height was dependent

on pH and concentration of the complex. It decreased

on Increasing the pH vhlle it increased with Increase

in concentration (Fig.3). On plotting the step height

at pH 3.0 against the concentration, a curve of the

type of Langmuir isotherm (Fig.8 curve l) vas obtained.

In disodium hydrogen phosphate and citric acid

buffer fH range(3.0 to 8.0) catalytic waves (Fig.3A)

were obtained. Their _| values were also dependent

on pH but the values were quite different as compared

with those obtained in sodium acetate and hydrochloric

acid in the pH range 2.0 to 5.0. The step height
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decreased on Increasing the pH and increased on

increasing the concentration. Plots of step height

against concentration again gave a Langmuir adsorption

isotherm type curve (Fig.8 curve 3).

In addition to this catalytic wave a reduction

wave at much less -ve potential vas realised in the

pH range 8.0 to 8.0. The step height of which was

dependent on concentration (Fig.5). The electrode

process was diffusion controlled as verified by the

effect of mercury pressure. The Ii (-0.80 V.) of this

wave was independent of pH (Fig.5).

In potassium hydrogen phosphate and sodium

hydroxide buffer (pH range 5.0 to 8.0) in addition to

the catalytic wave (Fig.3) a reduction vave(Fig4) (B^ «

-0.85 V.) was obtained (plot of ij Vs h and ]h~ for
reduction wave Fig,9). The effect of concentration

pM and mercury pressure on these waves vas the same as

already described in the previous two oases but the

Ri values were quite different for catalytic waves

obtained in different buffers of pH range 8.0 to 8,0.

In borax and sodium hydroxide buffer (pH 9.5 to

11.0) a kinetic character (Flg.6) of the current vas

indicated (since the limiting current was found to be

independent of mercury pressure but was dependent on

pH Fig.8,10). At pH 12.0 no waves were observed

Irrespective of the buffers used.

The studies on the ultra violet and visible
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spectra of such type of complexes (11*18) reveal the

fact in acidic and neutral solutions these are protonise

establishing an equilibrium with the free base aecording

to the equation (taking this complex as example)!

K2Fe(CR)4(bipy)3*8H20^rK8Fe(CH)4(blpy)2(H*)a*30H"..(l

The existance of catalytic waves In acidic and neutral

range can be represented by the equation.

K2Fe(CH)4(bipy)2(H*)2*8e ^s* K2?«<cll>4(blPy)S • •*
2H —-> H2 ...(3)

and the kinetio nature of the wave in alkaline solutions

can be explained due to the reprotonatlon of the

complex at dropping mercury electrode envoived, may

be represented by equation (l).



RESUME

The development of the co-ordination chemistry,

especially that of cyanogen complexes was virtually

started with prepration of Prussian blue. The German

artist, Dieshbach (1704) was the first to obtain

Prussian blue by nesting animal refuse and sodium

carbonate together in an iron pot, subsequent work

led to the Isolation of potassium ferrocyanlde and

preparation of a large number of iron blues of varying

composition both soluble and Insoluble. Later on a

large number of cyanide complexes of most of the

transitional metals as well as those of non-transitional

metals were prepared. Further development in the form

of substituted products with groups, like nitroso-

nltro-, amino-, carbonyl, hydroxy etc. took place.

Other mixed complex cyanides of organic bases,basic

dyestuffs, alkolides were also prepared. Besides a

number of methods, starting from the conventional ones

of chemical analysis to those based on purely physical

techniques were, employed to determine their composition,

structure etc. and these had yielded results of far

reaching importance. For example, the results of

these investigations had revealed the facts that the

majority of these metal com- lex cyanides were hexaco-

ordinated (octahedrol) and that quite a few existed as

a tetra co-ordinated (tetrahedral or square planar, e.g.

copper, zinc, palladium, nickel, mercury, platinum,
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gold etc.) or in the form of trleyano (planar) or

dioyano (linear) complexes. Other (dodeca hedral)

complex cyanides (like those of Mo, W and ae) having

the co-ordination number larger than six (eight vith

a tendency to extend the co-ordination number to ten)

in mixed complex cyanides were discovered.

Investigations on metal ferrocyanogen complexes

vere not completely devoid of their applied aspect.

The use of metal ferrocyanogen reaction for the estimatior

of metal ions, the utility of ferro-ferricyanide couple

in analytical work, the adsorptlve and hydrolytic

properties of the freshly preelpltated complexes, their

colloid-chemical behaviour and their possible use as

membranes of varying degree of selectivity, had all

greatly contributed to our knowledge.

More recently thermo-dyanamic properties, vis.,

heat of solution in water, heat of oxidation, standard

free energy, entropy, heat capacity and ratio of

foroe constant to frequencies of lso-structural complex

ions had been investigated. Results on photochemistry,

manganetic and cryoscoplc studies had also been success

fully employed to investigate the structure of mixed

complexes of Fe(II) and Fe(III).

Inspite of the fact that ouch has been done during

the last twenty years on the physics and chemistry of

metal cyanogen complexes, little attention has been

paid to the study of reactions involving interaction of
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organic compounds with cyanogen complexes. A oloser

review of the chemical literature reveals that the

several organic compounds (nitro-nltrosobenzenes,

pyridines, quinolines, dyestuffs, vltamines, modified

proteins, amino acids and sugars can react vith these

cyanogen complexes. Investigation on some of the

physico-chemical aspects of these types of reactions

was, therefore, considered worth undertaking. The

following aspects were chosen for studyt

(1) Reduction of nltrosobenzene-pentaeyanoferrate

(II) complex at d.m.e.

(8) Spectrophotometrlo studies on the composition,

stability and kinetics of interaction of hexacyano

ferrate (III) with nltrosobenzene in presence of

mercuric ions as catalyst.

(3) B° of Fe(CN)6H20 soma Fe(CN)5Hao"% e couple
and the potentlometric estimation of potassium aquapen

tacyanoferrate (II).

(4) Polarographic studies on the behaviour of

hexacyanoferrate (II), aquapentacyanoferrate (II)

and the kinetics of hydrolytic decomposition of

hexacyanoferrate (II) in presence of Hg and Cr ions

and under the aotlon of ultra violet and white light.

(5) Spectrophotometrlo studies on the composition,

stability, and kinetics of interaction of hexacyano

ferrate (II) with 8-hydroxyquinoline 5-sulphonic add

using Hg+*, Cr*** and Be** as catalysts.
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(6) Polarographic studies on 8-hydroxyquinoline

5-sulphonate pentaeyanoferrate (II) complex.

(7) Amperometric titrations of Co(II) with hexaoyano

ferrate (III) in ammonium citrate and glycine media at

pH 9.8 and 8,0 respectively. The reduction of Co(IH)

binuelear complexes formed in the above reactions at

d.m.e.

(8) Amperometric titrations of thiamine (vitamin Bj)

with hexacyanoferrate (III) in alkaline medium.

(9) Reduction of bipyrldine tetraeyanoferr ate (II)

complex at d.m.e.

(10) Spectrophotometry studies on the compostion and

stability of the reaction product obtained by the Inter

action of pyridine with hexaoyanoferrate (II) in

solutions. The experimental results and conclusions

arrived at are summarised in the proceeding pages.

(1> The reduction of the nltrosobenzene Pentaeyanoferrate
vaIT MSBmm at, -•!•-•

The reduction of the nltrosobenzene complex of

potassium aquapentacyanoferrate (II) at d.m.e. was

highly dependent on pH of the medium. Three distinct

pH regions were found to exist.

I. In pH rang (i.O to 4.0) reduction took place

giving three waves, first vave arising directly from the

dissolution of mereury decreased in height as did the

third most -ve wave, where as the second increased.

Total wave height remained practically constant (Fig. 1(a)

curve 1.4 Chapter II Part I). The half wave potential



of the second wave vas shifted from -0.10 volt at pH

1.15 to -0.30 volt at pH 4.0, where as that of the

third wave got shifted from -0.56 volt at pH 1.15 to

-0.83 volt at pH 3.0.

XL* At pH 5 the height of the second wave decreased

(Fig.l(a) curve 5-10). Another more positive wave

appeared at -0.06 volt at pH 5»0. The height of which

vas practically pH dependent.

III. At pH 10.6 the height of the second wave

increased again. The half wave potential -0.70 volt,

was identioal with the free nltrosobenzene (wave(Fig.l

(a), (b) curves 11-13). The results are summarised

in (Table 11 page 83).

IV. The simplest curve was observed at pH 4.0 where

a single wave diffusion controlled involving a two

electron transfer was obtained. The step height was

dependent on concentration of eomplex.

The following scheme for the formation and

subsequent reduction of the violet complex has been

suggested.

FoII(c«)6H20 ♦ C6H5H0-(FeII(CII)5C6H5N0)+H20
FerI(CH)5CeH^0 +3H*8e«FeII(CN)5CQH6NH0H (3nd wave)
FeII(CH)6C6H5NH0H+8H:^« • FeII(C»)5Cea6NH2(3rd vave)

(3) (a) interaction of _MU__tfliMMM .wAth braacyaqo-
_rmr__»»»4

The results obtained by spectrophotometry method'

are as followst

I* Pfl a-9_-flcUy* The rate of the reaction was maxi

mum at pH 8.0. It became quite slow below pH 6.5 while
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the reaction almost came to a stop in the alkaline

range. (Fig.7(a) Chapter II Part I).
gU

2Ji, The pH of,the reaction mixture first increased
WcAtMtd

rapidly and then/slowly during the course of the reaction.

(Fig.4,6,6 Chapter II Part II).

III. The reaotion was found to be highly temperature

dependent (Fig.13). The complex obtained at 30°C

slowly decomposed at 40 C.

XX. Action of ultra violet or white light for half

an hour decomposed the complex.

i. Neutral salts decreased the reaction velocity to

a marked extent (Fig.11). In presence of potassium

cyanide, the reaction ceased to take place.

On the basis of the above mentioned facts, the

following reaction mechemism has been proposed.

Hg*% Fe(CH)~* HjjO ^Fe(CK)6(0fl)""'-«g(CN)\ H* (1)
Fe(CH)5(0H)"""% C$HgN0 ^Fo(CN)6(CeH5N0)"~+ OH" (3)

Following the catalytic decomposition of hexacyano

ferrate (III).

Hg(CH)*+Fe(CH)™+ HgO #Hg(CH)2^e(CN)6(0H) +H+ (3)
OH" ♦ H* £ H20 (4)

Hg(C»)2 ♦ 2Hgfr<* Hg++ ♦ 8HCH +9H" (8)

of these reaction (l) was slow reaction and followed

first vith a decrease and then a slow increase in pH

and was dependent upon both the concentration of Hg

and hexacyanoferrate (III). (3) is a fast reaction

representing the formation of the complex (Fe (CH)j^6H5N0)
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Reaction (3) represents the catalytic decomposition

of Fe(CN)™ by the cation Hg(CN),f and should be depen

dent upon the concentration of Fe(CN)$"~, since the

variations In 0.0. vere less marked with varying

amount of hexacyanoferrate (III), this reaction should

be slow than reaction (1) | reaction (4) represent the

removal of H*ions and reaction (5) takes place due to

the hydrolysis of hexacyanoferrate (III) (Fig.7 (a,b,e) |

9 (a,b) t 10 (a,b) | Chapter II Part II).

The energy of the activation for the reaction

was found to be 5.45 K. col/molecule.

(t>> mWSmJMM mH JmWmlM C9nataflt 9$ jfcj co,B?l-_;,

Maximum absorption for the buff coloured complex

took place at 660 m a. Evidence for the formation of

only one complex was obtained from the YosBurgh and

Cooper's Method (Fig.i(a) (Kb) Chapter II Part II).

Job's method of continued variation and Molar ratio

method (Fig.2 (a,b) {3 Chapter II Part II) indicated

the existence of ltl complex. Formation constant of the

complex was found to be 3.611x10 •

131 Sttnndard electrode potential of the Fe(CN)*HoQ™
gf(Cl.)6Hp---+e couplet

Since Fe(CN)fiH20""" and K^PeCGH) H20~~ were
the products of the decomposition of potassium hexacyano

ferrate (II) and hexacyanoferrate (III) respectively in

the reaction studied above, it vas therefore, considered

worthwhile to determine the redox potential of the
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system Fe(CN)sH20""5__Fe(CN)5H20""+« at different

acidities. It vas determined employing potential

mediator method using eerie sulphate as titrant.
_"_ f\

The value of B was calculated by the relation E - B

- H| log t , where B is the electrode potential,

tc the amount of titrant added at any particular stage

during the titration. The mean value of B as deter

mined graphically (Fig.7 Chapter I Part I) by plotting
HI „__ TT

log Fe(CN)5H20 / Fexl(CM)^J20 against electrode

potential in presence of sulphuric acid of concentration
vere

0.5, 1.0, 8.0, 3.0, 4.0, 6.0, 6.0 and ?.ON_>espectively

0.676, 0.749, 0.768, 0.806, 0.845, 0.866, 0.898 and

0.913 volt.

The value of B in the neutral medium vas

also determined employing Kolthoff s method (page 29).

The Value of B° was found by plotting the measured

value B of the mixtures (containing equimolecular

mixtures of aquapentacyanoferrate (II) and ferrate

(III) in the ratios HI, 10 81 and U10) (Fig.5 Chapter

3 part I) against the under root of ionic strength

( (M*) and extrapolating the straight line portion of

the curve to zero ionic strength. The values came

out to be -0.4120 Volt with ni and 10tl mixture while

with nio mixture it was -0.4130 Volt.

(b) Potentlometric estimation of potassium aquaPentacya-
nidet

The use of various oxidants for the estimation
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of aquapentacyanoferrate (II) (in 4N sulphuric acid)

leads to the following conclusions!

(1) Titrations between potassium permanganate and

aquapentacyanoferrate (II) gave good results over a

wide concentration range. The change in potential at

the equivalence point vas 0.285 V.

(3) Titrations betveen eerie sulphate and aqua, enta-

oyapoferrate (II) gave better results in comparision to

potassium permanganate. The rise in potential at

equivalence point being 0.45 V. (Fig.1,3,3 Chapter I

Parti).

(3) Estimations vith potassium diehromate were not

sudcessful and the error was greater than l per cent

(Fig.4).

(4) Anodic waves of hexacyanoferrate (ID. -guarenta-
crgnoferrate (II) and polarographic studies on
KlQ_J-l- ,of kyflrQlyUg fl-ComaogUlPtt of, h.-..acYanQ-
f.errata „ul)»

Anodic waves of potassium hexacyanoferrate (II)

and aquapentacyanoferrate (II) were realised at d.m.e.

over a wide pH range (1.8 to 11.45). In O.IM sodium

fluoride at pH 4.0 potassium hexacyanoferrate (II)

oxidised reversibly and a diffusion controlled step

Ex at -f 0.33 V. was obtained. Step height was dependent

on concentration (O.oaSxlO'^M to 0.35xlO~9M),(Fig.i(A,

B,C Chapter I part II, Table 1 page 44), (Fig.8A curve

4).

The behaviour of potassium aquapentacyanoferrate



(II). It also gave a reversible diffusion controlled

wave in O.lM sodium fluoride and potassium nitrate

at pH 4.0 but the Ej value differed considerably

(Bi • ^O.iSV. Vs S.C.B.). The step height was also

dependent on concentration (Flg.2B curve 4).

• -2
Mixture containing 0.1x10 "M hexacyanoferrate

(II) and aquapentacyanoferrate (II) gave two distinct

waves vlth respective Bi values mentioned above (Fig. 7

at pH 4.0 in O.lM sodium fluoride.

Results on the kinetics of hydrolytic decomposi

tion of hexacyanoferrate (II) have been discussed.

Kinetics studies were carried out at a potential of

•♦0.4 V. (plateau of the hexacyanoferrate (II) was in

the potential range +0.38 to 0.40 V.) The following

information could be made available.

(1) Ultraviolet light, white light, Hg4* and Cr+++

decomposed hexacyanoferrate (II) to the same product,

vis., aquapentacyanoferrate (II).

(3) The catalytic action of ultraviolet light vas

greater than that of white light and that of 0.1x10 M

Hg+* was greater than that of the same concentration

of Cr+*+ At 60th minute current decreased to 30.37,

24.44, 8,14 and 5,3 per cent with ultraviolet, white

light mercuric chloride and chromic chloride respectivel;

(Fig.9) at 30°C.

(3) The decomposition of hexacyanoferrate (II) vas

found to be of first order, the mean values of rate



constants at temperatures 30°, 40°, 50°C vere 2,406x10"' ,

3.37x10"^ and 10.086xlO"3M. The temperature coeffi
cient and energy of activation were found to be 1.403

and -6.411 K.cal./molecule (Fig.11(a) Table 13,14,16

Chapter I part II).

(5) gae^rojRhotometrj|.e atud,^eaMon the, ^eracnoq ofr
[hV U-g«gYaP9ferrat- (ID aftd 8-hyar,q_TtMlng--M—

S-sulph.nlg «c11l

The results of spectrophotometric studies and

variations in pH for the reaction can be summarised

as given belowt

(l) At room temperature no reaction between 8-hydro-

xyquinollne 5-sulphonic acid and hexacyanoferrate (II)

appeared to take place when the reactants were mixed

as such.

(3) In presence of small amounts of Hg"**, Cr^^fcud

Be** the reaction between hexaoyanoferrate (II) and

8-hydroxyquinoline 5-sulphonic add was found to be

catalysed and after a lapse of few hours an olive

green colour was developed.

(3) The reaction was found to be pH dependent,

and reaction velocity was maximum at pH 4.0. The

reaction markedly decreased In neutral solutions and

almost completely stopped in alkaline solutions.

(Fig.7,8,9,10 Chapter III Part I).

(4) The pH of the various reaction mixtures increased

slowly during the course of reaction. Concentration

of both the reaetants accelerated the rate of increase
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of pH. The effect of concentration of 8-hydroxyquino

line i-sulphonie add was more pronounced (Fig.5,6a,b).

(5) The reaction velocity was found to be dependent

on the concentration of both the reactants as well

as the catalysing Ions. (Fig.lla,b).

Summing up the above facts the following probable

reaction mechanism was proposed. Let Q represents

the molecule of 8-hydroxyquinoline 5-sulphonlc acid

end Hg as catalyst.

(I) Hg+**Fe(CN)£"«». (F«|3N)™+Hg(CB)*
° H20 °

3— "_»
(II) Fe(CN)^20 + q 1 Fe(CK)5Q +HgO

(III) Hg(CN)% Fe(CN)6 _* Kg(CK)2^e(CK)5
(IV) Hg(CIi)2+ SHgO ^___- Hg+% 2HCH +20H~

Of these reaction (I) is slow and depends upon

the concentration of Hg+*( or Cr*** and Be**"*) ions,

while (II) is a fast reaction representing the forma

tion of (K,3Fe(CN)5Q) and is dependent on the concentra

tion of 8-hydroxyquinoline 5-sulphonic acid. Reaction

(III) represents the Catalytic decomposition of

hexacyanoferrate (II) by Hg(CN)+ and is dependent on

the concentration of hexacyanoferrate (II). The stoichio

metric reaotion (II) and catalytic reaction (III) seem

to proceed simultaneously. Reaction (IV) takes place

due to the hydrolysis of potassium cyanide.

(b) gQMBQ-^tlon a"4 ffrgttUott, conatafit of the ooffiPlflg*

Maximum absorption for the alive green complex
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took place at 425 m//-although a small peak was also

obtained at 575 m ^. But the Job's method of continued

variation, slope and Molar ratio methods at both the

wavelengths confirmed the existence of only Hi complex.

Formation constant of the complex was found to be 25.3x

IO3 (Fig.1,2,3,4 Chapter III Part I).
(8) gqltrogra^c stu^lgg on B-hy^roxva-^ipllnj

g-aul-ftQ*._t.- .--Titaqyanpferrate U,U«

Reduction of 8-hydroxyquinoline 5-sulphonic acid

and its complex with aquapentacyanoferrate (II) (8-

hydroxyquincline 5-sulphonate pentaeyanoferrate (ti))

at d.m.e. had been investigated in the pH range 1,0 to

11,0 8-hydroxyquincline 5-sulphonlc acid gave main

reduction step (I) over the entire pH range. This was

proceeded by an ill defined reduction step (II), which

became distinct above pH 6.0. Besides another reduction

setsp (III) was also realized in the pH range 9.0 to

11.0 In the borax and sodium hydroxide buffer. The Ej

and ld values for step (I) and (III) were highly depende

nt on pH as well as on the buffers used. The half wave

potential values for the main reduction step (I) vas in

accordance with the expression fe a -(0.965-»O.0l5 pH)

in pH range 1.0 to 4.0 in sodium acetate and hydroehlo

rio acid buffers (Table 26, 26, 27 Chapter III Part II).

8-hydroxyquinoline 5-sulphonate pentaeyanoferrate

(II) complex was also found to be reduced over a wide

pH range (1.0 to 12.0), giving two reduction steps (I)



XIV

and (II). The Bx and id values of step (I) vere highly

dependent on pH and composition of buffers etc. The

expressions B^ a -(0.97240.02pH) $ % a -(0.92-K).l pH)

and _| a -d.33-i0.il pH) were found to hold good for

the dependence of B^. on pH in sodium acetate and

hydrochloric acid buffer (pH 1.0 to 4.0), in disodium

hydrogen phosphate and citric buffer (pH 5.0 to 7.0)

and in borax buffer (pH 9.0 to 11.0) respectively.

Unlike the 8-hydroxyquinoline 5-sulphonic acid step

(III) was not realized for the complex (Table 25,26,37).

The results In both cases have been explained on the

basis of formation of the dihydroderivatives and are

represented by the equations as given on pagei<=^-«v<*_-.

(7)(a) Amperometric titrations of Co(II) with h_*flcy.-

i___ULa_—Induction Qf the resulting complexes at d.ft.e.

Amperometric titrations of Co(II) with hexacya

noferrate (III) have been reported in the medium of

ammonium citrate at pH 9,8 and in the medium of glycine
-5

at pH 8.0 Co(II) concentration of the order of 0.5x10 M

with error less than ♦ , 1 per cent could be determined

In both the media. Several fold concentration of metals,

like CU(II), Ii<S)| Mn(II), Cr(III), Ce(III) and

V(V) did not interfere in its determination, (Table

3,3,4,6 Chapter IV part I),

The binuelear complex formed in the medium of

ammonium citrate was found reduce in two steps with

one and two electron transfer waves respectively, Bath
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the waves were well defined and diffusion controlled. In

the glycine medium also two reduction steps were realized

but the first reduction step was not well defined. The

effect of Cu(II), Hi(II), Mh(II), Cr(III), Ce(III) and

V(V) on these reduction steps had been discussed.

The reduction of Co(II) and resulting Co(III)

glycine complexes in buffers of different cospositions

in Various supporting electrolytes in pH range 8,0 to

11.0 was also investigated. Two diffusion controlled

Irreversible reduction steps in each case w-ere obtained.

Second reduction step was well defined in all the buffers

and electrolyte used, but the first reduction step

became comparatively more defined in 0.066M sodium

fluoride, 0.33M glycine at pH 8.0 and in 0.133M calcium

chloride and 0.53M glycine from pH 9.0 to 11.0.(Table 1

8a etc. Chapter IV part I),

(b) jtoperometric titrations of thiamine (vitamlne B_),
_O0_______BgB5B u«7„»

Redox amperometric titrations of vitamlne Bi

with hexacyanoferrate (III) were carried out in alkaline

medium at -0.35V, (because hexacyanoferrate (III) gave

a diffusion current at zero applied potential with

limiting value of the current was in the potential

region -0.35 to -0.4V. while thiamine did not give a

wave under these conditions).

Small quantities of thiamine even when present

upto 2.43 mgs per 100 ml could be easily determined in

direct (thiamine in the cell) and reverse (hexacyano-
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ferrate (III)In cell) titrations with error lees than

1 0.5 per cent. Method was also extended to determine

the small quantities of vitamlne B^ in Bultivltamine

tablets and Eupaptin syrup, vith fairly good accuracy.

Various results are summarised in (Table 7 page 343).

8-Polarographic behaviour of blpyrldlne tetraCYanPr.
fejTatfl (II) O.CJ--1-S*

Reduction of the complex over a vide pH range

(2.0 to 13.0) at d.m.e. was investigated.

In the pH range 3.0 to 8.0 a catalytic hydrogen

wave, in different buffers of same pH values was realized.

The Ei of the wave was dependent on both composition

and pH of the buffers. Increase in pH together with

a shift of Bi to more -ve side, a decreased in the wave

height to a marked extent took place. The height of

this wave was also dependent on the concentration of

the complex. Curves of the type of Langmuir Isotherm

(Fig.l,3,3(A,B),8 Chapter Wpart II) were obtained,

6.1 plotting concentration of the oomplexagainst limiting

value of the current at pH 3.0 and 8.0 In sodium acetate

hydrochloric add and disodium hydrogen phosphate and

citric acid buffers respectively.

In addition to catalytic wave a reduction wave

In the pH range (6.0 to 8.0) in all the buffers was

realized. The electrode process was diffusion controlled

and the wave height was dependent on concentration (Fig.4,

5 Chapter V Part II). fe of this wave was independent

of pH and the same value of E^ (-0.S6V.) was obtained in



XVII

pH range 6.0 to 8.0.

In pH range 9.5 to 11,0 in borax and sodium

hydroxide buffer a kinetic character of the wave

was exhibited.

For the existence of the catalytic hydrogen

wave at the dropping mercury electrode the folloving

scheme was suggested.

K2Fe(CH)4(C5H5M)242H20 —~£ K_Fe(CH)4(C^_6H*H)2+20H~ (l)
K2Fe(CH)4(C5H5N+H)2* 2e __£ K2Fe(CN)4(C^^l)2^ 2H

2H ^_==_ H2 (3}

Since the eomplex according to equation (l)

was in equilibrium with free base, therefore, the

height of the wave decreased with increase in pH.
was

Eventually no vave^obtained at pH 13.0 or in O.IM

sodium hydroxide.

In the pH range 9.5 to 11.5 in borax and sodium

hydroxide buffer tine exlstance of kinetic wave was

probably due to the recombination of the complex with

hydrogen ions as represented by the equation (l).

(*> Composition o£ th^ complex, forrnqd with, the Infr
action .Of ft-En-Taffioforrate CEO .with, JKfrULpti

Maximum absorption for the complex took place

at 400 «>t(Flg.l,3 Chapter V part I) and information

of only one complex was obtained from VosBurgh and

Cooper's method. Job's method of continued variation

and molar ratio methods (Fig.3,4 Chapter V part I)

confirmed the exlstance of H3 hexacyanoferrate (II)

pyridine complex formation constant of the complex was

found to be 3.686xl03«
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Herasymenko (1) first of all carried out the

polarography of uranyl ion in neutral and weakly acidic

medium and concluded that it was reduced successively in

three steps from uranium (VI) to (V) to (IV) and then to

(III). These results were confirmed by Harries and

Kolthoff (2). In 0.01 to 0.02M hydroohlorld acid two

reduction steps corresponding to uranium (VI) to uranium

(V) and then to uranium (III) were reported. But only

the first reduction step eould be of some analytical

lnj ortanee. The interference of even of large amounts of

ferric ions vas dominated as originally r commended by

Strube (3). It was reduced to the ferrous state by warming

the solution with 3.0M hydroxylamlne hydrochloride at

50°c for 10 minutes. The fact that the reduction of either

uranyl ion or uranous ion catalyzes (4) the reduction of

nitrate ion was utilized by Harris and Kolthoff (3) for
-7

deterair ation of traces of uranium down to about 3x10 M »

but difficulty vas that the catalysed limiting current of

nitrate ions, was not directly proportional to the uranium

concentration. But the procedure was followed with the

empirical callberations of various known uranium concentra

tions, using supporting electrolyte, comprising of 0.005M

potassium nitrate, 0.5M potassium chloride and 0.06M
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hydroehlorle acid.

Besides these investigations, Orleraann (6), Kaus,

Nelson and Johnson (6), Kritchevsky and Hindraann (7)

and Ballanger (8) also carried out polarography of

uranium under various conditions of pH and supporting

electrolytes. In the present communication the reduction

of uranium (VI) had been reported in the medium of

phosphoric add in presence of several electrolytes.

The effect of various eations, T1(I), Ag(I),Ni(II),

Co(II), Fe(II), Cu(II), Mn(II),Cd(II), Hg(II), Pb(II),

Sn(II), Zn(II), Cr(II), Fe(III), Ce(ni), Bi(III), Al(III)

Cr(HI), Zr(III), Ce(IV), Sn(IV), V(IV), Th(IV), Hf(IV),

V(V), Mn (VII) on Its reduction also constitutes a

part of the paper.

mr» aaiaaitAi

Apparatus

A Hoyrovsky PL-55A polarograph operated manually

vas employed using a pye-sclamp galvanometer in the

external circuit. The polarographic cell and the

reference electrode (S.C.B.) vere kept ismersed in a

thermostatic bath maintained at 85 £ 0.1°C purified

hydrogen was used for deaeration. A Fischer capillary

with a droptime of 3,48 second in 3.0M phosphoric acid,

0.133M potassium ohloride and 1.334xlO"3M uranyl nitrate

at a potential of -0.4V. (at a height of mercury meniscus

of 54.7 cm. foom the tip of capillary), was used. The

weight of one drop was 0.00404 gm.



All reagents vere of A.R. quality. The solutions

of required concentrations of phosphoric sdd, uranyl

nitrate, different electrolytes and soaps (cetyl

tryraethyl ammonium bromide, nonidate P-40 used as

maximum suppressor vlth some electrolytes) were

prepared in double distilled water. The solutions of

various metal ions were prepared by respective standard

methods.

The polarograms for the solutions in several

sets of different conditions, given below, were recorded

1. To determine the effect of phosphoric acid

concentration on the reduction of uranyl nitrate,

solutions containing 6.66x10* Muranyl nitrate, 1.33xl<

potassium chloride and phosphoric add ranging from

0.667 to 4.0M were prepared.

8. In order to study the relationship between id

and concentration of uranyl nitrate, solutions containin

1.334x10*^ to 3.867x10"^ uranyl nitrate in 1.33x10" M
potassium chloride and 2.29M phosphoric add were

prepared (from 2.0M to 4.0M of phosphoric add single,

reversible, diffusion controlled, one election transfer

wove was obtained).

3. With a view to determine the uranium in presence

of metal ions. Solutions containing 2.0M phosphoric

add, 1.33x10^ potassium chloride, 1.334xlO"'3M uranyl
nitrate in presence of equal concentrations of various

cations, mentioned earlier vere prepared. Parallel
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solutlons of the metal ions separately under similar

conditions were also prepared for comparisons

4. To study the reduction of uranium in phosphoric

acid alone and in other electrolytes, solutions were

prepared, which contained 1.334x10"^ uranyl nitrate,
3.0M phosphoric acid and either of the electrolytes,

lithium chloride, sodium chloride, calcium chloride,

barium chloride (2»68xlO~*M), potassium nitrate,
sodium flourlde (each 2.0xl"So potassium chlorate
and potassium sulphate (each 1.0x10 M), solutions

containing 1.334x10"^. uranyl nitrate 2.0M phosphoric

add were also made saturated either with calcium

chloride or barium chloride.

6. Several solutions to study the effect of

concentration of these electrolytes vere prepared

comprising of 2.0M phosphoric add, 1.334x10"^! uranyl
nitrate and increasing amounts of either of the

electrolytes, lithium chloride, sodium ohloride, cal

cium chloride, barium chloride, (o.66x10* Mto 4,0x10 M

potassium nitrate, sodium fluoride (0.33x10" Mto

2.0x10" M)f sodium sulphate and potassium chlorate
-1

(0.166M to 1.0x10 M). The effect of concentration

of uranyl nitrate (l.334xlO"4M to 3.0x10"^) was
also studied In the above supporting electrolytes.

In case of potassium chlorate and sodium fluoride as

supporting electrolytes 0.01* Nonidate p-40 and 0.014

cetyl tryraethyl ammonium bromide soaps respectively,

vere used as maximum suppressor. Polarogram in presenci
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of Cr(II) was recorded under a thin layer of distilled

kerosine oil.

From the current voltage curves it was realised

that the uranyl nitrate was found to reduoe rover slbly

($1 -0.14V) in 3.0 to 4.0M phosphoric acid and

0.668x10"hi potassium chloride. The eleetrode proeess

vas completely dlfifusion controlled with one electron

transfer (results were confirmed by LogWithraic analy

sis and mercury pressure). Unlike the studies of

Herasymenko; Kolthoff and Harris (locdt) other

reduction steps (Uranium +5 to «4 to +3 or +6 to +3)

could not be realized. It was probably due to the

discharge of hydrogen at d.m.e. in phosphoric add.

The wave height was dependent on concentration and

it was found possible to determine the concentrati on

of uranium (VI) upto 10~n*.

Equal concentrations of _1(I), Ni(II), Co(Il),

Mn(II), Fe(XI), Cd(II),Hg(n),8n(II),Zn(II),Ce(III),

M(XII), Al(III),Cr(in), Zr(III),V(IV),Ce(IV),Sn(IV),

Th(IV), Hf(IV),V(V) and Mn(VI) did not interfere.

Cu(II) Interfered seriously due to its reduction and

pronounee a maxima was reslized. Although an apprecia

ble current even at 0.0V (as compared to the polaro

gram obtained in absence of Fe(III) due to Fe(III)

vas realised but the height of the wave was almost

uneffooted. Cr(II) interfered probably due to its
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oxidatlon to Cr(III) by uranium (VI). Ag(I) appreciable

interfered, a pronounce maxima was also observed. A

well defined step of Pb (II) was obtained just after

the step of uranium (VI), but no interference was

observed.

In presence of only phosphoric acid (absence of

electrolyte a pronounced maxima vas obtained, which

could not be suppressed by methyl red, gelatine and

other surface active agents but a highly distorted waves

were obtained in their presence. In presence of

different concentrations of the electrolytes (lithium

chloride, sodium chloride, potassium ohloride, barium

chloride, calcium chloride potassium nitrate, sodium

sulphate) waves obtained were reversible diffusion

controlled. The values of |k and i^/Q^^tl/6 in these

electrolyte are summarised in table 1. The typical

polarograms are shown In Fig.i.

Besides these studies, some Interesting foots

worth noting ares

(1) Well defined and reversible diffusion controlled

waves were realized in 2.024 phosphoric acid and saturated

barium ohloride but no wave, however, in saturated calelun

ohloride could be obtained.

(8) In 0.166x10* M potassium chlorate, 3.0M phosphoric

sold a 1.334x10"^ uranyl nitrate pronounced maxima vas

obtained. The height of which decreased on inoreasing the

coneentration of potassium chlorate and reduced completely
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In 1.0x10 M potassium chlorate.

(3) In 2.0M phosphoric acid, 0.886xlO~~M potassium

chlorate 0.666x10"^ uranyl nitrate a small maxima was

obtained, by increasing the concentration of uranyl

nitrate, the height of maxima was found to increase.

(4) On increasing the concentration of uranyl nitrate,

in potassium chlorate though the Value of limiting

current was dependent concentration (but not strictly

• linear function) but the wave obtained appeared to

be irreversible as verified by logarithmic analysis.

(5) Using sodium fluoride as supporting electrolyte

also, a pronouneed maxima was obtained. It could not

be suppressed by gelatine, methyl red and Nonidate p-40

soap, but could be easily suppressed by 0.01 per cent

cetyl triraethyl ammonium brotside. Unlike potassium

chlorate, the electrode prooess in sodium fluoride as

supporting electrolyte was reversible diffusion controlle

Wave height vas dependent on concentration of uranyl

nitrate.

(Typical polarograms are shown in Fig.8)

TABLE Wo,!,

_s» ____. -_#•_•__ B T__._-» __.. UrtV.i-*.!1

alectrolytes in 9_0M _ho__hori_ _«__-
BI _• ••T*"iFffl

Electrolyte IConcentration i ** KjP ctV6m3/3

KCl 2.68x10"XM -0.14V. 0.379
L1C1 • -0.14V. 0.375
NaCl s -0.14V. 0.376
CaClo « -0.15V. 0.386
BaClo * .1 -0.16V. 0.316
KNO3

ftr4
2.0x10 TM -0.13V. 0.393
1.0x10-}H -o.uv. 0.386
2.0x10-Ih -0.13V. 0.366

BaCl2 Saturated -0.145V. 0.316
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Polarograi hie reduction of uranium (VI) in

phosphoric acid has been reported in various supporting

electrolytes in phosphoric add. Single diffusion

controlled, reversible one electron transferred

reduetlon step had been obtained almost in all the

electrolytes used (except potassium chlorate).

The uranyl nitrate concentration upto the order

of lO"^ had been determined with iron less than -

1 percent. Superiority of the method lies in the

fact that large number of eatlons T1(I), Ni(II), Co(II),

Mn(II), Fe(II), Pb(II), Cd(II), Hg(II), Sn(II), Zn(II),

Ce(III), Bi(III), Al(III), Cr(IU),Zr(IH), Fe(III),

V(IV), Ce(IV), 8n(IV), V(V), Th(IV), Hf(lV) and Mn(VI)

did not interfere in its determination. No need of

reduction of Fe(III) to Fe(II) was required as was

done in the polarographic estimation of uranium (VI)

proposed by Harris and Kolthoff (2,4).

*****
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