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QENERAL INTRODUCTION

Complex metal cyanides of atleast twenty eight
heavy metals (in between T1 (22) and U (82)) in their
Various oxidation states are reported in the existing
literature (1), quorﬁy of these compounds are hexa
co-ordinated (octahedral), although quite a few exist
as tetra co-ordinated (e.g., copper, zine, palladium,
nickel, mercury, platinum, gold ete,) eyanides (tetra-
hedral or square planar) or in the form of trieyano
(planar) or dieyano (linear) complexes. Others of
Particular interest are cyano complexes of Mo, W and
Re of co-ordination number eight (dodecahedral) with
tendency to expand their co-ordinating spheres to ten
and a series of ‘mixed eyanide complexes', accomodating
NO, OH, Hg0, CO, NHg ete, in the co-ordinating sphere,
o.8., Po(CN)g NO™™, KRe(CN)3(C0) 4, W(CK)p(Ha0)
Cro4 (ON) o(NHg)

Comprehensive investigations on the chemistry
of metal eyanides have more or less remained limited to
those of iron, Valuable information on the synthetic,
thermodynamic, electrochemical, analytical and kinetie
aspects 1s available on the basia of these investigations
Gimilar approaches are being made towards the study of
octacyano complexes in recent years.

Before introducing the problem it would be
vorthwhile to give a brief review of the work done on
the complex eyanides of iron,
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Smthetic:
Information on this aspect deals with the
preparation of simple and mixed metal eyanides,
salts of metal oyanides with organic bases and the
characterisation of these compounds, Begining with
the preparation of Iron blues. The synthetic aspects
covered the preperation of guch difficult compounds
as the salts of hydroferrocyanic acid with a large
nunber of organic bases, e.g., aniline, o=-toluidine,
dimethylaniline, pyridine, benzidine, isoquinoline
etc. and basie dyestuffs, e.g. Bismark brown, auramine,
malachite green, methyl violet, acriflavine ete.(2)}
mixed complex cyanides (3-10) of Fe(lI):s ro(anBCHQO)s',

Fe(C)g (woy?", h(m)sclo,,)"', r.(cm,u.-og)"",

r.(cs)scao;,)a', re(cu)5(00)3", Pe(CN) g(N50,),
Pe(oN) g(MHig) >, Pa(cH)4(CHgNC) ,, Pe(CN) g (Phen) gy
Pe(Ql)g(dipy), Fe(CN) (Phen)?, Pe(cN) ((a1py)2~ ana
Pe(C)5(C0g)PY) and Pe(III)s Pe(CN)g HgO -, Fe(CN)y
(NHg)*", Po(CN) 4(N02)> ana Pe(om) g(n0) >,

Studies on the structure of these complexes
date back to 1930 have been investigated. The
eonstitution of Prussion and Turnbulls blues was
studied by kezgin and Mites (11) with the help of
x-rays (more refined and accurate x-ray aiffraction
nov makes it possible to make a digtinetion between
the C and N attached to metal ion), These studies wers
extended by Welser, Miliigan and Bates ;12) and later
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by Reganontie (13) to give useful information about
the structure and chemical constants of a number
of metal ferrocyanides, Investigations of the
later author showed the existence of complex anions
of the type MPe(CN)g with interstitiasl structures
in thin films of copper ferrocyanide.

The techniques of absorption (visible, infra
red and ultraviolet regions) spectra and magnetio
susceptibility when applied to the dispersed pre-
eipitate of Iron bdlues lent support to the theory
of super complex formgtion and formilae: Fe h(?acl')a
and Fe Fe(FeCNg), were assigned to Prussian and
Tarnbull blues respsctively.

Recently u.meiéguilw_:). eryscopiec (18) and
/polarographic (16-17) /to investigate the structure
of mixed complexes of Fe(ll) and Fe(IIl) Lvou Wn,ioLuj,acL.
Leolloldal propartiess

Investigations on this property ean be
divided under Bwo sub-heads: cne dealing with the
properties of metal ferrocyaride colloids, the other
dealing with the composition and stability of
colioldal precipitates of some less Tamiliar metal
eyanogen complexes. '

Vigcosity data of Ghosh and Dhar (18), Malik
and Biattacharya (19) offered strong evidence for
the adsorption of the reacting ions, Pe>’, PeClg®",

L L . ]

hﬂ, on Pruuhn and Turnbulls blues, The



latter authors also studied the composition, adsorptive,
hydrolytic and colloidal properties of sine, manganese,
niekel and cobalt ferrocyarides. Other colloidal
aspects studied were changes in conduetivity, pH,
seta potential (20-21) of eopper ferrocyanide, permea-
bility(22-.24) of metal ferrocyanide (cobalt, nickel,
silver, chromium eto.) membranes and their sol-gel
transformation., Malik (25) for the first time reported
the existence of a number of goluble complexes of
Cr(111)s Be (II)3$ Mo(II1 and VI), T1(II1I and IV)
ota. and studied their composition and stability by
the spectrophotometric method (26-27), The Or (III)
and Cr(l11) complexes were isolated and composition
gonfirmed by chemical analysis. - |
Blectrometria and analvtical studieat

With the more frequent use of physico-chemical
methods, especislly the electrometric ones, precise
information not only about the composition of these
complexes but @bout the use of hommn-
(II and III) as analytical reagent. In this connection
worth mentioning is the contributiong of Kolthoff
(28-29) who for the first time successfully employed
conductometric and potenticmetric methods in studying
the metal cyanide reactions and, at the same time,
demongtrated the importance of potassium ferrocyanide
as a reagent for the estimation of metal ions,
specially sine (the use of conductivity titrations
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in precipitation anglysis was employed), Kolthoff's
work was followed by extensive investigations on
the use of potassium ferro and ferricyanides in
quantitative anglysis by other workers and a number
of papers on this aspect of the problem appeared
from 1922 to 1929, These include the electrometrie
titrations of ferricyanide with titanous sulphate
(30-31), Vanadate hydrosulphite (32) and ceric ions
(33). The effect of alkali on the titrations of
certain metal ions (UdI", l"‘c“, 3 2 u;+, m* etc,)
with ferroeyanide (34) Lo cliguusSed.

Extensive use of electrometric technique
vas made {rom 1948 onwards to study the compositions
of the metal ferrocyancgen complexes, The complexes
studied were cadmium ferrcoyanide copper ferro and
ferricyanides, Prussian and Turnbull blues, zine
ferricyanide, prussian green, mercuric and uranyl
ferrcoyanides, nickel ferricyanides (35-37).

The studies on metal ferrocyanogen complexes
during this period was not limited to the uge of
conductometric and potentiometric 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 ferroecyanide titration of lead correspon-
ded to the precipitation of Pba!"ocllu. Later on
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Chounyk and Kleids (30) Zuman (40) Khosla and

Gaur (41) Amore (42) used amperometric titrations

in studying copper ferrocyanide, ferrioc-ferro ecyanides
of manganese, cadmium and silver, 2olotavin and
Fugnetova (43) carried cut polarographie titrations
with vanadyl sulphate.

Of the other recent techniques employed,
besides amperometry and polarcgraphy are the oolou-
metrioc utrasims and ion exchange methods. Hartley
and Lingane (44) had descrided a method for the
_ecloumetric titrations of T * in strongly alkaline
solution by means of ro(m)g' generated by anodiec
oxidation of l‘o(cl);' at platinum anode. The accuracy
of the method was found to be within 0.2 per cent,

In comnection with the attempts to use
honmnofcrratc (I1) as the analytical reagent
it is vorthwhile to mention the wvork of Deshmukh
and Fujita. Deshmukh (46) carried out determination
of ferrooynide with lead nitrate and also the
volumetric determination of cadmium and cerium by .
potassium ferrocyanide. Cadmium and cerium were
estimated by titrating excess of potassium ferro-
eyanide after the complete precipitation of the
respective metal ferrocyanides, while in case of
lead a saturated solution of diphenyl cabasone was
used as an indicator. Fujita (47) estimated lead,
silver manganese, nickel cobalt, cadmium and mercury
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volumetrically. He used starch-iodine (silver,
mn;anoao; nickel, cobalt), phenol red (1lead)
potassium chromate (mercury and cadmium) as internal
indieators for the titrations of metal ions,

More recent studies of Boyland and Mery (48)
reveal the possibility of using hcucyunororrngo
(I11) 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 (80) studied analytical use of hexacyanoe
ferrate (III) in the determinations of guinones in
presence of gzinc salts as reaction sccelerators.
Ihermodvnamica:

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,
@0.Ley Po(CI);. and h(cl):' no stepwise formation
congtant has been succesafully reported.

Hepler, Sweet (51) and Jesser had reported
heat of golution in water of KyPe(CN)g, K4Fe(CN)g and
the heat of oxidation of Fo(cl):- by liquid Bry.

Stephenson and Morrow (52) had measured the
heat capacities of potassium ferricyanide and
potassium cobalticyanide, These studies revealed a
gradual transition, magnetic in nature, occuring at
131%K in the paramagnetic potassium ferricyanide,
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Other investigations, worth mentioring,
an thermodynamic properties are those of Asperger
(53) Emgchwiller (S4) on the hydrolytic decomposition
of hexaeyanoferrate (II). More recent work in thig
direction is due to Breck (85) and Vernon (58) who
investigated entropy Aifferences between eorresp ond-
ing ferrate (III) and force constants and vibrations
of, in relation to isostructural hexscyanoferrate
(111).
Elnetie gtudiess
Recent reviews (57,58) provided useful data
on this aspects. These studies can be divided
under the following sub-heads:
(a) Ligand Exchange
(b) Radio active metal exchange
(¢) Redox Reaction

(d) Hydrolytic decomposition with dilute gcids
ultraviolet light and heavy metals,

(a) Ligand Exchange:

A great deal of work has already been done
on the kinetios 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. Little can be done with
those reactions which are inconveniently slow but
taahnique; could probably be developed for studying
the very fast reactions, At present one can have

no idea wether thege immeasurably fast exchanges are
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really very fast or wether they are separation
induced 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 kinetie
work has been reported on thig gubject. Most of
the work worth notable has been done on the exchange
of the type (59,60) Po(mnn):" + CN and FQ(OI):-+ NO5.
Very recently the use of hexacyanoferrate (III)
has been reported for oxidation of sugars (D-glucose,
D-galactose and D-fructose) by Nath, Singh (81)
and Kasper (62), The former workers reported that
the reaction rate of oxidation is independent of
r.(cu)z' econcentration, end directly proportional
to OH concentration and concentration of reducing
sugars. The short induction period is due to
dissolved oxygen in the reaction mixture which ig
eonsiderably reduced by deaerating the solution
with nitrogen. An enediol as the intermediate
product is postulated. The reaction rgtes in
decreasing order are D-trncton> D-gluoon> De
galactose,

Kasper (62) investigated that the decrease
in ltah(cl)6 concentration corresponded to first
order reaction, activation constant H = 1.41:10“
activation energy A = 22,2 K.Cal/mole., The change in
sodium hydroxide concentration also followved first
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order kinetics A= 21,625 K.cal/mole H = 7.”111013.
The decrease of the D-glucose concentration followed
second order kinetics A = 18,311 X,Cal/mole H=
3..355‘11011. The extensive studies on the oxidation
of sulphite by means of hexacyanoferrate (III) have
been carried out by Vepreksiska and Wagnerova (83).
The oxidation of gulphite ig a complex reaction
in which sulphate 1s formed as the only product
according to the over gll scheme:

2 PelcMg + 802~ , Ha0 &

2 Po(OM)g™ + 807" 4 on”,

The reaction is seccnd order and the reaction
rate is given byz

dﬂﬂa

o K [!.(G')Q_} LBO

The rate constant decreased with decreasing pH
of the solution and at pH about 3.8 the resction
practically dces not take place. At a pH of 8,94
the temperature dependence of the rate constant
is expressed by the equation K = 1..41.::1.0"a exp .
(=14000/RT) mole/sec. :
(b) Sadio aotive exchanzes

Radio active exchange of stable iron cyanogen
¢omplexes has been extensively studied by Staranks
(64) and Lewis (85). The following exchange reactions
have been gtudied,

!'o(cl):' - ;.(‘q’m No measurable exchange
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Hle= $ -
Pea(CK - CN None at 10,3, ¢t =g
v~y 38 h. st pi 3.8’ V2
3= = 3+
Fe(CN)g - Felaq) No exchange in gix days
n(cn)g' - (.m' No measurable exchange

Po(ON) (Ha0) &= &N"  t,,0u38 b at pit 10,0
h(cx)s(no)g' ..En' tl/a-ﬁ.s days at pH 10.3

h(Cl)g' - ;-(onhto)g' :: u:::f.m.lgowinlfg

Polclg - Folamd K, = 3.8x10% Lyq071
at 4%

Korshunov and Lebedevs (88) investigated
isctope exchange of iron in prussion blue. Adamson
(67) established a general correlation between the
rate of exchange of 41 and trivalent ions and their
mang anetioc moments in the oxidation reduction reactions
of hexacyanoferrate (Ii) ions in sclutions,

(e) Redox reaction:

This field of research has a vide scope and
Overlaps section (a) and (d) in itg vider interpreta-
tion, The following main redox reactions of iron
Cyancgen complexes were reported by Gordon (a8),
Czapski (89) and sutin (70) are:

Po(ON)g” + Ir@13~  Kgal.2x10%lsec~d(y, Hg0)
Pe(CN) g~ + IrClg™ Eget, 1x20°H Ysee™ (15 0,5
Hgﬂclo‘)

Pe(CN)g™ + Pe(phem)3* K, 1208 lgee?

- 3 -
Fe(Cl)g™ + 08(alpr)y K, 10% s
h(cl):- + ferrohaemoglobin Kg= :10"1('15“'1
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More recently the redox reaction of h(cl)g' &

1%, Pe(CW)§ « Ig has also been studied by Indelll
(71) and the oxidation reduction potential (E)

of the H Fe(CN)q ====HFe(CN)g system vas

studied by Mchar and Papp (72). They reported the
E°C of the system as = 70.0xloge + 692 mv,, vhere

¢ is the concentration expressed in moles/litre.

The value of lg was found to increase with increasing
acldity according to Ign =-04,8 pH + 691 v, The

tenperature dependence of l° is _df.... = 1.0 mv./%,
a

(4) Hydrolvtic decompositions

The cyanogen complexes undergo hydrolytie
decomposition, The problem regarding the possidbility
of the decomposition of cyanides by heavy metal
ions was for the first time, explored by Pinter (73)
who observed that H;H ions in slightly acid
solution catalyse the formation of colloidal prussion
blue from alkall ferrocyanide according to the
following summariasing equation:

8 Pe(CN)g™ + 28H™ + 4K~ + 0y =

4K Fe Fa(CN)g + 24 HCN + 2H50

The studies on this intersting observation
were extended after a period of ten years by
Emschwiller (74) who initially earried ocut the
studies on the dissociation of the ferrocyanide
ions in agueous solution by hydrogen iong. He

observed that the rate of decomposition of Fe(CH)§
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was of first orler in lowox; concentration of
hydrogen ions but was of gero order in the cancen-
tration of K~ at high acidities. Purther the HCN
formed during the dissociation retarded the decom~
position especially at lower acidities. For 0.01M
K4Pe(CN)g and 2 to 8 K H” the reaction appeared
homogeneous and eould be folloved by determining
Pe** or by using the violet eolouration given by
nitrosobsnzene with (Pe(CH)gfig0) for colorimetric
estimation, The latter method gave enough evidence
for stepwise dissoclation first to ﬂ'n(cﬂ)glgﬂ)a-

(K3) and then Pe** ( rate constant about fifteen
times Ky). This stepwise dissociation was also
found to fit in the experimentsl results ot 50°C
for hetrogeneocus decomposition to KEgFe Fe(CN)4 .
The following mechenism for the reaction was put
forvarded: '

PO(GI):- L P J— lo(C’)aﬂQO + o0

(slow reaction)
followed by the capture of CN” by E*.

Purther extention on this espect was
started with the effect of mercuric ions on the
aqueous solution of potassium ferrocyasnide by other
workers, notably Asperger (78) who studied the
kinetics of the reaction of potassium ferrocyanide
and nitrosobenzene with gpeoial reference to the
catalytic action of mercuric ions and ultraviolet
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light, He observed that the equilibrium of the
reaction r.(cn):‘ + Hp0 === (ro(cl)glgo)a'+ CN~

in the dark although ghifts completely towards

the left., The interaction between (Fe (cl).H,O)a‘
and CN~ can be prevented by means of the relatively
Tast irreversible process (Po(al)uﬂgo)a-«n- Cglgh0 =
(Pe(CN) SGQIQNO)S.% HgO thereby providing a means

for determining the veloecity which was found to
depend on the soncentration (s;uo""u to 5:19")!) of
Potassium ferrocyanide and also on the concentration
of nitrosobengzene (but only upto a concentration
1.4x10°%M), aAddition of small amounts of mercuric
chloride (order 10°5M) had the same influence as
the ultraviolet light and the violet nitrosobensens
eomplex obtained was found to have the same absorption
spectra in both cases., The velocity of the reaction
of potassium ferrosyanide and nitrosobenzene in the
presence of Eg" ions depended on the pH, being
maximum at pi 3.8, On earrying ocut absorption
experiments at this pH with 4ifferent concentration
of mercuric ions, he found thst the catalytic action
of Hg*"tons ves s0 large that 1t could be detected
even at the concentration of 10™'M,

He put forwarded the view that the reaction
is strictly specific for Hg*' and a method can be
employed for the determination of Hg** 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 (76). The plot

of log By, against 1og(Cyg++) gave a straight line
upto concentration of Sx10~% molo per 1itre of Hg**,
for higher concentration a linegr relationship was
not found to hold good.

More extensive and elaborated studies on the
deecomposition of potassium ferrocyanide by lg“
ions was than taken up and he critically studied
the influence of different mercurous and mercuric
compounds inecluding those with organiec gnions (0-
and m-hydroxybengoate, methylmercurie lodide,
diphenyl mercury etec.). All other compounds showed
catalytic activity besides diphenyl mercury where a
catalytic action was not observed even at a concentra-
tion of 2x10™ %,
letal cvanides in hicloglcal svatenmss

Various porphyrin type iron complexes contain
cyanide groups as a part of the co-ordinstion sphere,
One form of vitanmin Byg contains a cyanide group
in the sixth eo-ordination position of Co(III)
though 1t is very liable to replacement by other
groups, Dieyanide complexes of certain transitional
metal phthalocyanines are also Known.

Polsoning by cyanide has been gttributed to
irhibition of a number of engymes including the
eytochrome oxidase system for oxygen stabilization
in cells (77), in general, complex cyanides do not
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appear to have markedly poisonous properties unless
one or more cyanide groups are easily removghle
from the co-ordination sphere. If however, it may
be possible to prepare some derivatives of eyanogen
complexes by replacing the easily removadble oyanide
groups by amino acids, then the mixed complexes
may be of great biological importance.

The preceeding pages from the review of the
literature, reveal the fact that investigations
on gyancgen comp lexes have covered a wide and
varigated field of study, ranging from the older
concepts based on chemical analysis and physico
chemical properties of the precipitates to the more
recent ones, evolved on the basis of gtudies as the
application of the modern electrochemical techniques
(polarography, amperometry, coulometry exchange
reactions ete.), the importance of the metal
ferrocyanide reactions in analytical work and on
the catalytic decomposition of iron ¢yanides by
theoritical importance have been achieved by these
studies, Many of these complexes still find use
in the pigment industry (78), the faots remains
that many interesting aspeots of the problem have
remained unexplored to these days. Many mixed
complex cyanides with orgarde compounds existing in
varying composition have not been studied so far
on dropping mercury electrode., The concept of redox
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potential 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 u:ployin;- various physico-chemical
techniques. The work deseribed in this thesis

deals with such problems and includes the following
studies.

(1) B® of the r-(cn),aaoa' == ?o(cl)aﬂﬂoz‘ ‘e
eouple and the potentiometric estimation of potassium
aquapentacyanoferrate (I1).

(2) Polarographic studies on the kinetics of
hydrolytic decomposition of potassium hexacyasnoferrate
(II). The anodic waves of hexacyanoferrate (II) and
aquapentacyanof errate (II),

(3) Spectrophotometric studies on the composition
stability and kinetics of interaction of 8=hydroxy-
quinoline 8-sulphonic aeid with potassium hexacyano-
ferrate (II).

(4) Paloregraphic studies on the reduction of

the B8.hydroxyquinoline S-gulphonate pentacyano-
ferrate (1I) complex, ,

(6) Spectrophotometric and pH metric studies
on the composition stability and kinetics of inter-
action of hexacyanoferrate (III) with nitrosobenzene.

(8) Reduction of nitroscbengene pentacyanoferrate(I)
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(II) complex at d.m.e.

(7) Amperometric titrations of (a) hexacyanoferrate
(IT1) with co (II) in ammonium citrate and glycine
as complexing media. The reduction of resulting
complexes at d.m.e, (b) hexacyanoferrate (I1I) with
vitamine Bl in alikaline medium,

(8) Bpectrophotometric studies on the composition
and stability of the product cbtained by the intergction
of pyridine with hexacyanoferrate (II).

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

complex at d.m.e.
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° 2 (r ni ki oz-- ('.IIIW AR
Sounle and _the potentic-metric estimation of notasaium
aquanentacyanoferrate (I1)s
Several references (1-11) on the l° of the
ferro-ferrioyanide couple based on resctions with

different oxidisable and reducidble substances and

simple ions are availgble in the existing literature.
This couple in viev of itg high oxidation potential
has suocessfully been employed in studying the
oxidation of large number of organic compounds like
sugars (18-14) vitaming (15) and modified proteing
(16) eote.

Another oxidation couple falling under the
category of ferrooyanogen couple is the (Pilzcyﬁgo)m
o=z (l‘oln(cy)ango)“-o- e which has not g0 far been
investigated from the theoritical or applied stand
point. It was therefore, congidered vorthwhile,
to carry ocut investigations on its electrometric
behaviour, In this part of the Chapter the following
two aspects have been desoribed.

(1) Bstimation of potassium aquapentacyanoferrste
(II) by oxidantg-potassium permangnate, ceric sulphate
and potassium dichromate.

(2) Determination of the sgtardard electrode

potential for the (?on(cya)llgo).-;;ﬂ (hnICysﬂgOT-r )
couple by potential mediator and Kolthoff's method.



Potassium aquapentacyanoferrate (II) (was
prepared vide Chapter I, Part I, page ) and its
solution was prepared by dissolving weighed quanfity
(assuming the formula K3PeCygH,0) in double distilled
vater, The aguapentacyasnoferrate (II1I) was prepared
by the oxidation of aquapentacyanoferrate (II) (17)
and its solution was prepared by dissolving weighed
quantity in double distilled water and strength vas
determined iodometricslly. Potassium dichromate
(A.R,) Potassium permanganate (A.R.) ceric sulphate
(pure anhydrous) were used to prepare the respective
solutions, GStrengths vere determined by usugl methods
AnRaratua:

Pye portadle potentiometer (type CAT No.7569 p)
wvith lamp and scale arrangement wvas used for poten-
tiometric measurements. The titration cell consisted
of bright platinum and saturated calomel electrodes.

Bstimation of aquapentacyanoferrate (II)
wvas ocarried out using ceric sulphate, potassium per-
manganate and potassium dichromate as oxidabts., Both
direct (potassium aquapentacyanoferrate (I1)) in the
cell)and reverse (the oxidant in the cell) were
carried out. Experiments were performed with the
following concentration of reactants:

(1) 0.8M, 0,01868M, 0,0158M, potassium aquapentacy-
anoferrate (II) against 0,038M, 0,0847M, 0,00787M
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ceric sulphate in Airect titrations 0.0808M, 0,04M,
0,00848M and 0,08M potassium aquapent acyanoferrate (11)
against 0,1M, 0,0874, 0,00787M and 0,00387M ceric
sulphate respectively in reverse titrations (Fig.1,2).

(2) 0.,04M, 0.0186M, 0.0188M, 0.00849M potassium
aquapent acyanoferrate (II) against 0,08, 0.1N, 0,0835K
and 0,0099N potassium permanganate respectively in
direct titrationg (Fig.3).

(3) 0,04M, 0.0168M and 0,008M potassium aquapen-
tacyanoferrate (II) against 0,05N ypotassium dichromate
in direot titrations, 0,04M, 0,0806M potassium
aquapentacyanoferrate (II) against 0.1N, 0,058 potassiu
dictnmate in reverse titrations (Pig.4).

Initial volume in the cell in each case was
10 =l containing 4N sulphurie goid,
Some of the results are tabulated belows

ﬁlim O{;h g‘?z'i *volt \ron;-. gph & goct:'sv' 1t
geric su at sbolie ¥ ger:o s ave ooy, VO
added e ~Jladded e U
0,0 0,280 6.8 0,813
0.6 0.352 6.8 0.540
1,0 0.368 8.7 0.58
1.5 0.380 6.8 0.888
2.0 0.390 6,9 0.981
3,0 0,409 7.0 1.008
4,0 0.425 8,0 1,080
5,0 0.444
8.0 0.473
Fig.1 curve 1

8.0 ml of 0.08M potgssium aquapentacyanoferragte
(I1) 6.8 ml of 0,038 of cerie sul ate.
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b= o ug{lhnto BoG R, volt ::ﬁ:'.gmau oC.B,

added (in m) X Iadded(in m1) Jvolt
0.0 0,381 0.98 0.970
0.1 0.391 1.0 1,086
0.3 0,416 1.11 1.180
0.8 0.433 1.31 1,138
0.8 0.475 1,80 1.18
0.9 0,508

fig.1 curve Il
S ml of 0,01888M aquapentacyanoferrate (I1)
0.98 ml of 0,0847 M ceric sulphate.



Vol;:hno of g;rio{?og. Ve Po:{uutor g;r:cgotnud
sulphate added I3, oE. sulphate adde s
Lo =) s, '

0.0 0.437 10.0 0,740
1,0 0.442 10,1 0.856
2,0 0,468 10,1 0,858
4.0 0.482 10.2 0,980
8,0 0.491 10.8 1,044
8,0 0.497 11.0 1.090

9.0 0.515

Pig.1 curve III
8.0 ml of 0.00188M aquapent acyanoferrate (II)
10,0ml of 0,00787M ceric sulphate,

The results of reverse titration (eeric sulphate
in cell) against aguapentacyanoferrate (II) are shown
in(Fig,.2),

Potentiometric titration results for potassium
Permangnate atainst potgssium hexacyanoferrate (11)

(1n cell) and for potassium Aichromate direct titrations
are shown in Fig.3 ang Fig.4 respectively. aood
results could not be obtgined in reverse titrations,



Uxfdonfﬁfﬁgﬂfunts;pﬁcg ggngonta;tlog %Observod }

o el e potential Remarks

(0 13 *Wglig? jof KeFelrgig fat equival-J

B |

Sa(lv)

0.03874 0,080M 0.050M 0, 8850V, Theoretical

0,0847M 0,0186M 0.0165M 0,870V, otential

0.00787M 0,0158M 0.0159M -0 ,8684V, =1.203V,)
not rnnliaod. an
point was locgte:
casily.

0.100M 0.,0808M 0.,0808M -0,728V., Theoreticgl

0,0387M 0,080HM 0.,080M =0, 700V, potential

0,00787M 0,00B49M 0.00848M 0,845V, realised.

Potassiug.

Rermancanate

0,080N 0,040M 0.040M 0,858V, Theoretical

0. 108 0,0186M 0.01884 0,730V, otential

0,00838N 0.,0155M 0,0186M 0,853V, -1,158vV,)

0. 0000K 0.00840M 0.00848M 0,980V, not reaglised
end point was
located easily,

0,088 0,044 0.042M 0,780V, Theoritical

0.0188M 0.0180M =0 ,736V, potential
0.00BH 0.00738)1 ‘0.731vo ("10 191 vo)
not realised
results are not
3 i
3

0,088 0.,04M 0,0367M =0, 750V, Theoritical

0.,01N 0.,0808M 0.077M -0, 728V, potent ial

0,01N 0.05M 0.048M «0,808YV («1.191V.) not

realised results
are unsatis-
f.ct ory.




* The following values of oxidation potentials of
the oxidants were taken in to consideration while
making calculations, dichromate-1,33V,, ceric-1.61V.
Permanganate 1.5V. and for aquapentacyanide-0.806 in
4N Hy804,

v ot

a+b
at equivalence point 'ol and ‘oa are the standard

- where Ee 1s the potential

potentials of two couples involved in the system and
a b are the number of electrons uged in respect ive
systems, et
Por/E® by the potential mediator method determining
potguiu'n aquapentacyanoferrate (I1) (10 ml,, 0.0128M)
vas taken in the cell and the potential at the bright
Platinum electrode on adding gradually inecreasing amount
of ceric sulphate (0.00171M), sufficient time being
alloved to elapse after each addition for the attaimment
of steady potential, was measured. The titrations were
carried out till the end point was reached as indicated
by sufiden charge in potential. Experiments were
performed employing different eﬁ:oontnuma of gulphuric
aoid (renge 0.5-7,0N). The value of E° was calculated

by the relation E = B - _ﬁ_ log 'E_-t’ vhere E ig
a

the electrode potential, tg,, the amount of titrant added
at any particular stage during titrstion, The mean
values of E° as dntomimd graphically (Pig.No.7) by

plotting log (re’l T cygﬁgoi" sgainst electrode
L

potential in presence of sulphuric acid of concentrations
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ZABLE No,)

@ J1.2]1.85]3.25l4.0] 5.0 Is8 | 6.4 .15 | 1.7 T 1.5

éncv:].tl 40,15 40,165 0,182 +0,32740,29 40,271 +0,271 +0,12 40,10 -

Hexacysnoferrate
(11)

nydl'olftic d.‘* ‘.0.10 -00.10 0.17 m.u 40.15 "0.18 40.@ ‘0.12 ﬂ.lﬂ -
composition pro-

duct.

Aquapentaeyano-+0,11 0,11 0,180 0,18 0,15 Q.16 0,18 0,116 0,12 -
ferrate ?I )
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0.8, 1.0, 2,0, 3,0, 4,0, 5,0, 6.0 and 7,0 were
respectively 0,878, 0,749, 0,762, 0,806, 0,845, 0,886,
0,808 and 0,813 volt, Results are tabulated below:

Cone, Volume ofiPe remtuu YPot. Blect.)](PeCy, ; enia o :
HoS0 Ce(804) --l‘h B.C.B.%Pot. {lq g2 B
il Ao ® !(recysﬂ i i i(rocy.nama'lcllc-
¥ | b | 2
0.“ 0.0 0.0 0.3“ 0.6” - -
1.0 35,71 0,367 0.807 «0,2553 0.622
2,0 71.42 0.438 0,677 0,3988 0,654
2.8 89,27 0,498 0,733 0,9201 0,678
2,8 02,841 0.532 0,772 1.129 0.708
2.7 96.412 0.887 0.807 1.42902 0,723
2.8 100,00 0,882 0,922 - -
1.0' 0.0 0.0 0.3@ O.Gm - -
1.0 35,71 0.420 0,660 -0,2883 0.875
2.0 71.42 0,495 0.735 0,.3988 0,711
2.8 89,27 0.588 0.808 00,9201 0,750
2,68 02,841 0.580 0,820 1,120 0.754
2.7 96,412 0.628 0.888 1.4292 0,780
2.8 100,00 0.900 1.124 = e
3.0’ 0.0 0.0“ 0.“)9 O.“’ - -
1.0 35,71 0,439 0.679 «0,2883 0.684
2,0 71.42 0.520 0.760 0.3988 0.738
2.8 88,72 0,585 0.828 0.9201 0.7
2.6 92,841 0,608 0.845 1,129 0.779
2,7 06,412 0.680 0,900 1.4292 0.780
9-08 190.00 00915 10156 - -
3.0" 0.0 0.0 O “‘6 O.m - -
1.0 as,71 0.481 0.721 -0.25583 0,708
2,0 71.42 0.550 0.790  0.3088 0,766
o.8 89,72 0.830 0.870 0.9201 0.805
2.8 92,841 0,680 0.200  1.129 0.634
2,7 06,412 0,700 0.940 1.42082 0.858
2,8 100,00 0,935 1,178 - -
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Zable JNo.8 (continued)
Cong.ofIVolume of Porecnt e iFot, !100-:{ eCygia0)2-1 o
32804 lc.(m.,)a - Vs 8.C.E. Pot. saill 3_{ L
I l(r Cyuﬂ.ao) (r.cysnam Jfalc.
‘.Oﬁ ° QO 0.‘&) 0.6” - -
g.g 35,71 0,800 0,740 -0,2663 0,756
2°0 71,42 0.696 0.838 0,3988 0,811
2.6 Q.?B 0.675 00916 °.m1 o.m
o8 9,841 0,700 0.940  1.120  0.874
2’7 86,412 0,780 0.990  1,4292 0,908
n.a lm;w 0.955 1.305 - -
SQOI 0.0 0.0 0.“3 00693 o -
1.0 35,71 0.518 0.765 -0,2663 0.770
aoo 710“2 O.m O.m 0.3988 o.m
2.8 89,72 0.700 0.980 0.9201 0,888
2.6 '92.‘8“1 0.?” D.ma 1.m o.wg
2.7 96,412 0,786 1.028 1,4202 0,940
2.8 100,00 0.975 1.218 - -
5.01' 0.0 0.0 00“5 0.705 - ol
1.0 38.71 0.5638 0,776 «0,2553 0,780
2,0 71.42 0.620 0.860 0,3988 0.835
2.8 89,72 0,720 0.960 0.9201 0.908
2.8 92,841 0,780 1.020 1.129 0,954
2,7 98,412 0.817 1.087 1.42023 0,972
208 100.00 oom loamo - -
?.“ 0.0 0.0 0.&9 0.749 - -
1.0 35,71 0,588 0.804 =0,2653 0,819
2,0 71.42 0,680 0,920 0,3988 0,898
3.5 ‘@.73 00775 1.015 O.Ml O.NO
3.6 99.“1 0.810 1.°m 1.129 °.m
2.7 98,412 0,680 1,100 1.4202 1,015
2,8 100,00 1.060 1.300 = -
Fig.8 curves 1,2,3 6,7 and 8 represent the potentiometric
ihvation sereie b b, 6 1.2, 2,0, 3.0, 4.0, 8,0, 6,0 and 7,0M

sulphuric gecid ronpntivoly.
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The value of 8° in neutral medium vas
also determined employing Kolthoff's method (18)
wvith only modification that measurements were
carried out against a saturated calomel electrode
instead of normal hydrogen or quin<hydron electrode.
Since aguapentacyanoferrate (I1) and aguapentacya-
noferrate (III) behave like strong electrolytes,
the oxddation potential should be greatly affected
by a change of the iomie strengths of the solution,
The purpose of study was to determine the potential
of the aquapentacysnoferrate (II) and aguapentacya-
noferrate (IIl) system at varying fonic strengths
and to extrapoclate the value to an ionic strength
of gero} in other words to determine the normal
potential of the system, In addition, the potential
of a very dilute .qu.p@ntwymohrutn (1I) and
ferrate (III) was determined in presence of neutral
salts gt varying ionic strengths, in order to test
the Debye-Huckel eguation,

At extremely small ionic strength, the
relation between the activity coefficient of an
anion and the ionie strength of the solution is given
by the expression,

-log f = AZE (1)
vhere A 1s a congtant for the solvent at the
specific temperature and has a value of 0,514 for
vater at 3o°c, and the ionic strength, The oxida-
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tion potential E of the system ajuapentacyanoferrate
(11) ferrate (II1) at 30°C 1s then given by

E = Eo + 0,08 log ""’“’ﬁ"ﬂ (2)
‘rocy,nao‘a'

¢ (PaCygiy®) *= 1.

C (PeCyghg0) > |,

= Bq+0,60 log (3)

The normal potentisl E  denctes the potential
referred the normal hydrogen electrode in a system
in which the activity of squapentacyanoferrate (III)
‘(hCyBEZO)a. is equal to that of aquapentacyano-
ferrate (II) '(!‘0016330)3' G(r.c:yaugo)a' and
c(?wyaﬁgo)a. represents the corresponding concentra-
tions, where as £, and f4 represent the activity
coefficients of the aquapentacyanoferrate (I11) and
aquapentacyanoferrate (II) ions, If the limiting
Debye-Huckel expression (equation 1) holds at
extremely small ionic strengths and the system cantains
equimolecul ar amounts of potassium aquapentacyano=
ferrate (III) and potassium mguapentacyanoferrate (I1),
it 1s found from equation 1 and 3 that

E=Eo +0.60 1cg fo/f,

= B, + 0,08 x 3,8
Therefore, if the limiting Debye-Huckel expreasion
holds, the measured potential E should be changed
by 0,21 volt, for one unit change in the squars root
of the ionic strength.

For the experimental work three sets of

measurements were performed.
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(1) Equimolecular mixtures of potassium aQuapenta-
cyanoferrate (II) and potgssium aquapentacyanoferrate
(tII) were taken and potential measured with respect
té calomel electrode for concentration range 0,01
ed 0,0002M, (corresponding to the ionic strength
0.12 to 0,0024),

(2) Mixtures prepared in the molar ratio {potassium
aquapentacyanoferrate (II) to potassium aguapenta-
cyanoferrate (III) 1011}, the concentration range .
of aquapentacyanoferrate (II) solution being 0,01M
to 0,000009M, (ionic strength 0,0860 to 0,00599)ands

(3) Mixture prepared in molar ratio (potgssium
Squpentacyanoferrate (II) to potassium aquapenta~
eyanoferrate (I11)1s10) the concentration range
of potassium aquapentacyanoferrate (1I) solution
being 0.,001M to 0,000909M (total ionic strergth
0.0680 to 0,005090),

The effect of univalent cations like Na* K*
and H* vas &l 80 obgerved in dilute equimolecular
solutions of potassium aquapentacyanoferrate (1I)
and ferrate (III) (0,004M). The results are tabulated
bel ows
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M “f s L W72 §0burvod B. M, l‘{nﬁn volt)

0,01
00,0088
0,008
0,004
0,0033
0.0028
0,0078

0.12
0.0792
0.60
0.048
0.0396
0,0338
00, 300

0.2814
0.2449
0.2100
0.1989
0.1833
0,1732

0,177
0.174
0.171
0.168
0,167
0.188
0.163

0.417
0.414
0,412
0,409
0.407
0.405
0.403

Pig.5(a)
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K3Fe(Cy) g

K3 eCyghi0]

0.001
0,0008
0,00028
0,00021
0.000166
0.000133
0.0001088
0,0000909

0,01 0,0880 0,2869 0,238
0,008 0.0528 @.,2297 0,223
0.0028 0.0288 0,16897 0,219
0.,0021 0,01386 0,1174 0,202
0.00168 0.01098 0.1008 0,198
0.00133 0,008778 0,0932 0,200
0.,001068 0,006989 0,0830 0,193
0.000909 0,0059099 0,0780 0,191

R o

0.483 0.483
0.489 0.449
0.442 0.432
0,438 0,478
0.440 0.426
0,433 0,423
0.431 0.421

Pig.8(B)



0,001
0.0008
0.,00028
0.,00021
0.000166
0,000133
0,0001088
0,00009809

0.01 0,0860 0.2889 0,122
0,008 0.,0528 0,2297 0,119
0,0028 0,0288 0,1897 0.113
0,0021 0,01388 0,1174 0,115
0.0018 0,01045 0,1098 0,117
0.00133 0,00877 0,0932 0,159
0.0010868 0,00898 0,08308 0,181
0.000909 0,00609 0,07681 0,163

0,382
0,359
0,383
0.398
0,397
0.399
0,401
0.403

0.372
0,389
0,383
0,408
0.407
0.409
0,411
0.413

Fl‘. 5(0)

tration

Acid -.1t{roeii§: -}
oncen- ) > ( M——
L] on 1 M,J( J Jf

~ Observed pot enti gl

a {'s.c.x NaCl J§ 8.C.E.} AlCL iI's.c.s.J

~

-

0.1 0,1380 0,3515 0,198 0,435 0,193 0,432
0.2 0,2380 0,4879 0,208 0,440 0,208 0,445
0.34 0,338 0,5714 0,228

0,380 0,580
0.3% 0.818
0.468 0,213 @.453 0,390 0,831
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The value of Bo vas found by plotting the
measursd value of E of the three mixtures acainltvﬂ:
(Fig.8) and the extrapolating the straight line portion
of the curve to sgero ionic strength,

Ioniec Strength which is a measure of the
intensity of electrical field due to the ions in
solations, ias 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 valence:
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The use of varicus oxidants for the estimation
of equapentacyanide ion (in 4N sulphuric acid)lead
to the following conclusion,

(1) Titrations between pPotassium permanganate and
aguapentacyanide gave good results in vide concentrae
tion range. The rise in Potential at the equivalence
point 0,286V, and the value of JH_. by 2,85 V (Pig.3).

(2) Titrations between ceric sulphate and aquapenta-
eyanoferrate (I1)) gave better results in camparision
to potassium permanganate. The rise in potential at
equivalence point is 0,45V, and change in value of

.1%!. 4.8V, (P1g.1,2), |
(3) ™e results of potentiometric tetrations between
potassium dichromate gng aquapent acyanoferrate (II)
could not be performed satisfactrily (error greater
than 1 percent)., The change in potential at equivalence
point also mot marked (0,104V) as compared ror.'l potassiunm
permang anate (0,286V) and ceric sulphate (0.450)(Pig.4).
(4) Heverse titrations oould‘onl:f be carried out
successfully with ceriec sulphate,
(Variocus results are summarised in table No.4),

The potential mediator method using ceriec
sulphate as potential mediator gives quite high values
0.878, 0.7498, 0.782, 0,808, 0,845, 0.886, 0,898, 0.913V.
in potassium aquapentacyanoferrate (II) solution
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eontgiming 0.8, 1,0, 2,0, 3.0, 4.0, 5,0, 6,0 and
7.00 sulphuric acid respectively (Fig.No.4). Natural
saits exert a marked influence on the oxidation
potential of the system. The values in hydrochlorie
acid and sulphuriec acid was found much higher as
compared to Kolthoff method, indicating the great
hydrogen ion influence on the potential,

on plotting B° against i, and extrapolating
to zero ionic strength the straight line portion of
the curve a value of 0,4120V, 1is obtained with
mixtures of squapentacyanoferrate (II) and potassium
aquapent geyanoferrate (III) having the ratios 1:1 and
1110 respectively. (Pig.8 curve A.5.). The value
of E° obtained by extrapolating the straight 1ine
portion of the curve to zero ionic strength for the
mi xtures of ratio 1031 is slightly different as
ecompared with other two (0,4130) (Fig.5 eurve C),
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Hexacyanoferrate (II) 1s not reductble at
the dropping mercury electrode (1) but hexacyanoferrate
(II1) 1s reduced easily at this electrode giving
fairly well defined 8iffusion waves. The hight of
the wave is proportional to the hexacyanoferrate (11I)
concentration in neutral O,1N potassium chloride (2).
 The potential of an equimolecular mixture of hexacyano-
ferrate (II) and ferrate (III) in O,1N potassium |
chloride has been reported as +0.23V Vs 3.C.E. Zuman
(3) has carried detailed investigations on the polaro-
graphic behgviocur of ferro-ferricyanide couple and
reported it to be rovariiblo even in 0,1M sulphurie
acid. Mohal Papp and Nehar (4) has studied the effect
of temperature and relative concentraticns of the
components on the oxidation reduction pot.enun of
hexacyanoferrate (II) ferrate (III) system and reported
the vd ues of temperature coefficient and dependence
of the values of E® on temperature and concentration,
Kivalo (8) has carried out 1mo:tnat1ma on the
pbhrclraphio maxima of hexacyanoferrate (III) in
presence and absence of eleotrolytes (sodium perchlo-
rate and potassium chloride),

Investigations has also been made by Rubin
(8) on hexacyanoferrate (II1) and ferrate (II) for the



rate and diffusion system controlled currents at a

; lannar reversible eleotrode under applied potentials
such that the reverse reaction makes an appreciable
contribution to the over sll process. Kachaturyan

and Gorbachev (7) haw’ studied the polarisation of
revergible oxidgtion reduction system of ferri-
ferrocyaride and reported the energy of activation

for all cathodic and gnodie processes. The limiting
stage in the process was the diffusion of the materials
to the electrode i.e., the concentration polariszation.
Melts (8) has utilized the diffusion constant (i,/en”3
tvo) of hexacyanoferrate (II1I) to establish the
relationship between dAiffusion current and capiliiary
characterstics for studying the electrode process.

The oxidation of hexacyanoferrate (II) at rotating
platimum electrode has been reported by Klemene (9)
and Glasston (10). Investigations at cylindrical
electrode, using a current generator, have been carried
out by Margon and Chittenden (11). They measured the
diffusion charge at 40.40 volts Vs 5.C.E,

Some workers have reported the use of hexaeyano-
ferrate (II) in amperometric titrations for the estimg-
tion of Zine (II) (12),Chromium (II) (13), tungsten(Vi)
(14) ,vanadium (II1) (16) chromium (IXI) Be (II), Cu(I),
™ (111), T4 (IV), Mn (IXII), Mo (IV) and MO (V) (18).
But direct palorographic methods for the estimation of



hexgeyanoferrate (I1) and aguayentacyanoferrate (II)
hgve not been reported in the existing literature.
The investigations described in this chapter deals
with the followving new aspects of the polarography
of hexacyanoferrate (II).

(1) Pol.urqrmtcndunttm of hexacyanoferrate
(I1) and aguapentacyancferrate (1I) at d.m.e.,
carried out with the view to test the suitgbility
of the method for the gnalytical work.

(2) Pdlarographic studies on the hydrolytic
decomposition of hexacyanoferrate (II).

EXFRRIMENTAL

Aquapentacyanoferrate (I1) was prepared by
the method described in Chgpter II (p. ). All the
reagents used were of A.R. quality. The solutions
of hexacyanoferrate (II) and aguapentgeyanoferrate
(I1) were prepared by dissolving weighed gquantities
in distilled water. Their strengths were determined
potentiometrically by titrating against potassium
permangnate and cerie sulphate respectively (vide
part I of this chapter).

Apparatuss

Heyrosvsky polaregraph (LP 854), operated
manusly in conjunction with Pye sclamp gal vanometer
in external eircuit wvas used. Figher caplllary
with droptime 4.2 gec. in open circuit was used,
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Weight of one drop taken at a hieght of 60,0 em of
mereury column was 0.0038 gn, Folarographiec cell
together with 3.C.E. was kept immersed in thermostatio
bath maintained at 30 * 0.1°% purified hydrogen wvas
nlmd for degerstion,

Beckmgn pH meter model Hy was employed to
adjust the pH values.
Buffors and supeorting elegtrolvtess

All the buffers used were prepared in double
distilled water, Walpole, potassium hydrogen phthalate,
pPotassium dihydrogen phm]rh;tc, and borax buffers were
used in pH range (1.0-2,0)} (3.0-8.0) 3 (7,0-8,8) and
(9,0-11.6) respectively for Eaintgining the pH of the
sclutions. Solutions of the electrolytes 1ithium
chiloride, potassium chloride, sodium fluoride, potassium
nitrate, potassium chlorate, sodium sulphate and
bariunm ehloride were prepared by dissolving weighed
quantities in double distilled water.
Rresedures

The following experiments were performed to
study the behaviour of hexacyano-ferrate (II) at d.m.e.

(1) The anodic waves of golutions cont aining

2.0 ml 10°®M hexacyanoferrate (II), 18.0 ul of buffers
PH values ranging from 1.2 to 11.6 vers recorded at
1/30 senstivity of the polarograph in the potential
ragion 0.4 to 0,0V,
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(2) Mixtures containing 2,0 ml of 10=2M hexacyano-
ferrate (II) and 1,0 ml of 1.0x10"*M mercuric chloride
was kept in dark to bring gbout the hydrolytie
decomposition of hexacyanoferrate (II). Total volume
was then made up to 20 ml by adding buffers of pH
values ranging from 1.2 to 11.58. Anodic waves from
0.4 to 0,0V at 1/80 senativity of the polarograph
wvere racorded,

(3) Polarograms of the solution containing 2.0 ul
of 10”2M gquapentacyanoferrate (II) and 18,0 ml
buf fers of pH values 1,2 to 11.5 wore recorded under
conditions mentioned above.

(4) Polarograms of the duffers (17.0 ml or 18,0 ml
diluted to 20,0 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, 2 and 3,

Current voltage curves for hexacyanoferrate
(I1) its hydrolytie decomposition product and
aquapent gcyanoferrate (I1) in pH range 1.2 to 11.45
are shown in Fig.(1a), (1b) and (1c) respectivaly.
The By/a values gre tabulated below:
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A mgrked difference in Ei 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 E& values of the
aquapentacyanoferrate (II) obtained under similar
conditions (exp.No.3).

gince satisfactory data from these eiperiments
were obtagined in the pH range 3,0-5.0, pH 4,0 was
chogen for detalled 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,

Set I.

Contained 8-golutions 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 11

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 sclutions in Set I, II and
II1.

The results are tabulated below:

Potentiall
ILTthi-IPot. ls8cd. Isod, ! Pot. g Fot. :{ Sod,
Jum Chlo-lchlo-Jfluo- § Nitratel chlo- sulpha-
Ichlor-iride Iride Iride I 0.05M [ rate { te

;gg;ﬂ io.ln {o.lngio.ln :iA i 0,08M 0,1M
40,80 - - - - - - 3.45
0,40 1,15 1.2 1,1 2,8 3,36 2,60 2,65
+#0,36 1.2 1.25 1,16 2,256 2,90 2,06 2,10
40,30 1.25 1,4 1,2 1,35 1,46 1,00 0,90
+0,26 1,6 1,7 1,4 0.85 0,85 0,75 0,80
+0.20 4.0 2,4 1,9 0,80 0,5 0.65 0,80
40,18 2,0 1.4 1.2 - - & -
0,18 1,0 0,68 0,6 0.75 0,20 - :
0,10 40,1 0,1 0.1 0,70 0,0 0.0 0.0
0,06 0,0 0.0 0.05 = - . -
0,00 0,0 0.0 - - - 0.0 0.0

curve (1) (2) (3) (4) (8 (6) (7)

Fig.2a



Potential

V. Vs 8.C.EALithiumiSodium Potassium] Sodium JPotassiumjPotassium] Sodium
lchloride chloridelchloride ifluoridelnitrate lchlorate Isulphate
1018 o.M  _Jo.0o58 _ 10.08M 10 1M

+0.4 0.90 0.8 0.2 = - - -
+0,36 0,96 0.9 0.95 - - - -
0.3 1.0 1.0 1.0 - = = -
0.25 1.2 1.2 1.1 1.0 1.1 1.5 1.45
0.20 2.0 1.8 1.4 0,9 1.0 0.9 1.0
0.18 4.0 2,9 2.4 - = o -
0.15 = - - 0.5 0.8 0.4 0.5
0.10 0.40 0.5 0.4 -0,2 -0.10 0.0 =0,15
0.08 - = - -0.3 =0.256 -0.3 -0.36
40,0 0.20 0.20 0.2 =0.3 -0,3% 0.4 =-0.40
Curve (D (2) (3) () (5 (8) (?)
Pig.2(B)

-L’ -
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Since reversible oxidation waves for the
solutions in set I, II were obtained in O,1M sodium
fluoride as supporting electrolyte., The effect of
gconcentration of aguapentacyanoferrate (I11) and
that of hexacyanoferrate (II) on thelr respective
1:! values was studied by recording the polarcgrams
of the following two sets of solutions.

Set L.

Comprised of S-solutions, 1.0, 2,0, 3.0, 4.0
and 5,0 ml of 1.0x10°2M hexacysnoferrate (II) was
mixed with 2.0 ml of 1.0M sofium fluoride and total
volume was made up to 20,0 ml by adding the buffer
of pH 4.0.

Set 1L

A ain comprised of S-solutions 1.0, 2,0, 3,0,
4.0 and §,0 ml of aquapentacyanoferrate was added
to 2,0 ml of sodium fluoride, total veolume was made
to 20,0 ml by adding buffer of pH 4.0.

The effect of mercury pressure tc ascertain
the nature of the electrode process was studied by
recording the polarograms of solution No.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 below:
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In order to see the possibility for the
simultanecus determinati~n of hexacyanoferrate (11)
and aguapentacyanoferrate (II), the polarogram
of the mixture comksining 2.0 ml 10™°M aguapenta-
eyanoferrate (I1), 2,0 ml 1024 hexaoyanoferrate (II)

Coci vy Farsvide and B 0w
2,0 ml of buffer of pH 4.0 (to make the total volume

to 20,0 ml), was recorded. Results are tabulated

below:

PotcntinlI Garrent 1,1x10-84

40,40 2,85
40,35 2,75
0.30 1.38
0,26 0.80
0.20 0.80
0.186 o 0.80
0.10 0,15
0.05 0,30
0.00 -0.40

Fig.?7
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Heoight of Drop Limi ting

n{mry { !eurrclnts E log ¢ } logs

eolumn 1.1x107 4

mgmcnﬂ! J 1 £ ’
31,0 em 85,52 4,55 2.6 ¢,68580 0.1343
38,8 é.22 3.9 3.38 0.5911 0.1280
45,7 8,78 3.42 3.7 0,5340 00,8643
58,8 7.48 3,03 3.98 0.4814 0.0888
60,0 7.74 2.72 4,0 0.4348 0.0213

Fig.3a Fig.B8a
ZAHLE No.8 .

noferrate (110 0. isl0=o0 in O i o

Heignt of 'I Limi ting T '
Ioraury h tiu mu-x-cafu;6 log & : log ¢

eclumn i -

h(ecu-rmind! i j1e1x1077A i |
31.0 8.52 4.8 0.58 0.1132 0.,6532
38.0 6.“ 3.” 1.1 o. llm 0.‘”
45,7 8.78 3.40 1.7 0,0881 0.5318
85.8 7.48 3.03 1.8 00,0808 0.4800
80.0 7.74 2.7 1.9 0.0042 0.4314

Mg.3B Fig.3B



4.0

AU e LY S '} 1 pOLGTrO g 0L O *1
asntacvanolarrate (110 1n 0.1M sodiun Flasces

Potential Tcurrmt
volts A log ('{‘LT)
1 a«

0.25 +1,0 +1.1139
0.20 +0,.90 +0,7782
0.14 +0,.,40 «0,1249
0.10 «0,1 =0,5643
0.08 0.3 -1,4313
0.00 -0.36 - ] -

Fig.4B



Well defined diffusion controlled reversible
steps of the oxidation of hexacyanoferrate (I1) was
obtained in 0.1¥ sodium fluoride at pH 4.0. The
step height was found to be dependedt on concentration
and decreased (ontinucusly during its hydrolytic

decompositions, Alongwith the decresse in the wvave
height of hexacyanoferrate (II) a new wave at less
+ve potential due to the oxidation of the decomposition
product (agquapentacyanoferrate (I1)) appeared, whose
height incregsed vith time,

8ince the plateau of hexacyanoferrate (II) wave
vas between the potential regicn 40,38 to 0,48V, the
kinetics of decomposition were studied by measuring
the decrease in current at different intervals at
applied potential of +0,4V. Iwo solutions containing
8,0, 16.0 ml respectively of 0,01M hexacyanoferrate
(I1) were mixed with 8,0 ml of 1,0M sodium fluoride.
Total volume was made to 8,00 ml by adding buffer of
pi 4.0, These solutions were exposed to ultraviclet
litht, Deacrease in current of solution No.l and
polarcgram of solution No.2 at different intervals
(to see the dissappearance of hexacyanofirrate (11)
wave and subsequent appearance of the wave of aquapen-
tacyanoferrate (1I)) were recorded at 30 X 0.1°C.

Experiment with golution No.l (Set I @ ove)
vere also performed under the action of wvhite light
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or impresence of 0.1:10"! mercuric chloride or
chromie chloride to compare the catalytic activities
of ultraviolet and white light, The results are
tabulated below:

yFrate (11) in O, X godium TIUOTLdy at DHE 3.9 4%
T I'Terent intervalg under the agtion of ultraviclet
ght. Sengtivity 1/28

+0,45 8.9 6.3 4.9 4.42 3.7 3.4
+,40 5.8 5.16 4.8 4.2 3.6 3.2
+0,38 8.0 4,0 4.4 3.80 3.0 2.4

X 2.0 1.8 1.9 1.9 1.9 2.1
+0,.286 1.0 1,0 1.4 1.4 1.8 2,1
+0,20 0,8 0.76 1.0 1.3 1.3 1.7
40,15 = 0.2 0.8 0.8 0.6 0.6
+0,.10 e 0,2 «0,1 0,1 -0.,2 0.2
40,05 e «=0,28 <0,3 «0,% 0,0 0.3
+0,0 -« «0,3 «0,38 0,38 «0,35 0,35
=0,10 - 40,3 40,35 40,38 +0,38 +0,35
Curve (1) (@) (3) (4) (8) (80
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ZAGLE No.12

Comparative variation in current " ed o
mmmmm mmnr'r't x10°“HM
0 mmt.gulr fum fluoride at pH 4.0

t wan exposed to rgviolet i"‘;ﬂ..’l!ﬂ!ﬂl

*' P contgined elth !i Do 1X10=%M Hp¥*? ‘m.
- Turr—nwr—mn,n
nuteg ra-vio White 4 v
I 1ight . i
0.0 . 5'3 s.a
0,0 5.4 5.45 3.8 5.8
80,0 4,8 8,0 8.2 5.45
120,0 4.2 4,30 4.7 5.0
180,0 3.8 8.9 4.5 4.8
240,0 3,6 3.7 4,40 4,78
Curve (1) (2) (3) (4)
Fig .o

wmmm

To determine these constants, current at different
intervals at temperatures 3o°c; m“c and so°c of the
mixture containing 8,0 ml hexacyanoferrate (I1), 8.0
ml 1.0x10°%M mercurte chloride, 8.0 ml 1,0M sodium
fluorided and 56,0 ml of buffer of pll 4.0 was measured,

The order of reaction at these temperstures

vas calculated from the slopes of the straight lines
obtained by plotting log ( S ) against log & . The
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value of rate congtant K was determined employing fthe
oqﬁuumt

K= ‘é_" (= _AE%
vhere Ac and 8§ represent the change in concentration
and megn concentration respectively during a small
interval At.

Temerature coef fioient and energy of activation
were calculated by employing the relationship xﬂ.O/bg

k
and equation log -%—— = -E/2.303R (1/Te=-1/Ty)
respectively. The results are tabulated below!

ZAELE Ne.ld

Variation in current with time st spplied potential

of 0.4V for the mixture contsining 0.1x10"2M hexacyano-

2?.:: (X1), 0.1M sodium fluoride and 0,1x10~“M mercuric
oride.

Temperature 308 Senstivity 1/30

I!.mt:r

Time in durrmfg g g- AGP&.}?&%—M,}J o i‘% (_%%_)

0.0

3.0

80,0
150.0
180,0
240.0
300.0

5.8
5.4
5.1
4,75
4.45
4.2
4.1

o  0.26 87.0 1.9308 29.7 1.4728 2,02x1073
60 0.30 §0.01 1.6940 23.0 1.3017 2,30x10°°
80 0.10 17.00 1.2304 8.6 0.9083 2,0x10"3

24 nours 2.3

Mean value of K = 2.406:10"3
Plot of surrent Vs time Fig.10 curve 1

log .ﬂ. Vs log & Fig.ll curve 1 (slope = %.21)
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' = T%10"2) S enotereTe (1)t
.smmmmwa oride gt

Time in r:une Y

linutu Bt - Ac l A {100—-2» Lm f }Ko—%(%_)
0.0 ﬁ.m - - - - - L "

3.0 5.2 0.28 83,3 1.9201 22.7 1.4425 3.67x10~3

60,0 4,95

30
-3
120,0 4,1 80 0.40 66.6 .82 6.0 1.2041 4.16x10
180,0 3.7 o i . .
80

-3
240,0 3,45 0.18 28,0 « 3979 «78 1,0204 2,32x10
300,0 3.3 . -
94 thu‘l 2.3 - - - - - - -

Mean value of K a 3,376x10~3 min~}
Plot of gurrent Vs tim Pig.10 curve 2

Flot of log = _%g_ Vs log 8@ Fig.ll curve 2
(slope = 1,21)



Time in
minutes

’currmtl I !-Aﬂ‘ _A!_{lq_*l

‘lac {1-36“

0.0

30,0
60,0

120,0
180,0

240.0
300,0

5,78

4.78
4,30

3.45
2.90

2.7
2.8

24 hours 2,3

& 8 8

0.46 1850.0 22,1761

0,56 91.67 1.9819

0,20 33,33 1.5224

17.26 1.2370 8.89x10°

8.75 0.942010.46x10°

3.00 0.477 11.1105"

Mean value of K = 10.,088x10"

Flot of current Vg time Fig.l0 curve 3

Plot log

- _;Ag.. Vs log ¢ Pig.12 (slope = 0,93).
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From the current voltage curves drawn for
1.0x10" 3 hexacyanoferrate (I1), 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 l} valueg in

the pH region 3,0 to 5.0 ml. Well defined steps could
not be obtained either in lower or higher pH reglions.
The B, values of aquapentacyancferrate (II) st pH

3.0 to 5.0 were found to be quite similar with the l*
vglues of hydrolytic decomposition product of hexacyano-
ferrate (I1I) obtained in presence of mercuric ions,
Similar type of results were obtained in presence of
cr*** ions or on exposure of hexacyancferrate (II)

to ultraviolet or white light. The E; values for
hexacyanoferrate (I1) its hydrolytie decomposition
product and aguapentacyanoferrate (I1) are shown

in table No,1l and the polarograms in Fig.l A,B. and

C curves (1-9),

Since the 1l* of hydrolytic decomposition product
and that of agquapentacyanoferrate (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 hexacyano-
ferrate (II) to give similar products viz, the
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agquapentacyanoferrate (II) :
In presence of 0,.1M of either of the electro-

lytes, lithium chloride, potassium chloride or

sodium chloride, 1.0x10™ 3 hexacyanoferrate (II)

gave a pronounded maxima (Fig.2 A curve 1,2 and 3)

at +0,20V wvhich could not be suppossed by the surface

active agents like as cetyl trimethyl ammonium bromide,

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

of 0,1M of godium fluoride a reversible oxidation

wave (Fig.2A curve 4 By =+ 0.32V) was cobtalned.

The electrode process was diffusion controlled as

was verified by the effect of meroury pressure

(Fig.4a) (Pig.3A) logarithmic analysis and by the

plot of logi Vs log t. (slope of the curve = 0.163)

(Pig.54) § (Table No,7,8). The step height was

dependent on concentration studied in the range

(0.06x10"%M) to (0.25x10°2M) Pig.6A. In 0.1M potassium

nitrate 0.08M potassium at pH 4.0, 0.1x10™2K hexacyano-

ferrate (I1) oxidised giving irreversible waves, Pig.2a

curveg 5,6,7. No wave in barium chloride however,

vas obtained.

e M AN

at d.m.e. wvas quite different/and the E, values vere
olio quite different (Table No.l). Although agquapentacyano-

ferrate (I1) also gave pronounced maxima in O,1M of

alkali chlorides (Fig.2B curve 1,2 and 3) but its

position ghifted from 0,20 to 0,16V, Moreover its
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height decreased in passing from sodium-diboride to
potassium chloride. Here sgain the maxima could not
be suppressed by the addition of surfgce getive agents
like cetyltrimethyl ammonium bromide, None date p-40
gelatine and methyl red,

Aquapenta-ocyanoferrate (II) also got oxidised
reveraidbly and diffugion controlled waves (‘i = + 0,16V)
were obtained in 0,1M sodium fluoride and potassium
nitrate at pH 4,0 (Fig.2B curve 4,5). The logarithmioe.
analysis (Fig.4B) mercury pressure (Fig.3B) and the
plot oflogi Vs log t (Pig.5B slope of the curve = 0,162)
gave evidence for the existence of reversible, diffugion
control led waves. The step height was dependent on
concentration (Pig.8B in the range (0.05 to 0.25x10'2n).
The waves obtained in presence of 0,05M potassiunm
chlorate, potassium sulphate were irreveraible and
111 defined, (Fig.2B, curve 6,7). No wave wvas realiged
in 0,1M barium chloride.

From the mixtures containing 0,1x10™2M hexacyano-
ferrate (I1) and aguapent geyanoferrate (II) in 0.1M
sodium fluoride two distinct waves due to the oxidation
of hexacyanoferrate (II1) and aquapentacyanoferrate (I1I)
respectively were realized (73g.7).
Klnetics of the reactions
ECfect of Hg®", Cr*’* uitraviglet and white lights

All these catalysts decomposed hexacyanoferrate
(II) to the simlar product (aguapentacyanoferrate (I1))
which wvas easily ascertained because the behaviour of
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aquapent acyanoferrate (II) and decompositions produect
of hexacyanoferrate (I1) at d.m.e. was quite similar.

During the course of decomposition the dissapear-
ance of the wave of hexacyanoferrate (II) and the
appearance of the wave of aquapentacyanide took place
(Fig.8) curve 1,2,3,4,5 and 6 were recorded at 0.0,
0,0, 100.0, 120,0, 100.9 and 240th minutes respectively
under the influence of viéilet light,

From the plots of the current (measured at 0.4V)
Vs the time (Fig.9) for the mixtures containing 0,1x10™°K
hexacyanoferrate (I1), 0.1M sodium fluoride at pH 4.0
in presence of 0.1x10"%% mercuric ahloride or under
the action of ultra violet or white light it was found
that the effect of Hg** > cr*** on the hydrolytie
decomposition of hexacyanoferraste (II). Simlarly
ultraviolet light was more effective in bringing about
hydrolytic decomposition than white light, The current
at 60th minute decreased to 17.25, 14,66, 10.35 and
6.90 per cent with ultraviolet, white light, mercurie
chloride and chromie chloride respectively.

The hydrolytic decomposition of hexacyanoflerrate
(II) at pH 4.0 in presence of small amounts of mercuric
chloride was found to be of first order because the
values of the slopes of the curves (Fig.ll curve 1,2 and
F1g.12) at temperatures 30° 40° and 80°C were found
to be 1.21, 1.21 and 0.93 (values very close to cne ).
The mean values of rate constants at these temperatures
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vere 2.406x10">, 3.376x10~2 ana 10.086x10"3 mn~1,

The temperature coefficient and energy of activation
(Calculated with the rate cngtant values at 30° and
40%%) for the decomposition was found t© be 1.403 and
«8.,411 K cal/mole,.

These results are gquite comparable with the
studies carried out by Asperger (20) on the kineties
of interacticns of hexacysnoferrate (I1) with nitrogo-
bengene, and by Malikx (21) on its interaction with

cr#"‘#’ m#’ ions,
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The prodlem of hydrolytiec decomposition of
hexacyanoferrate (I1) to agqapentacyancferrate (II)
was congldered by a number of workers (1-68).
Extengive studies on the kinetics of hydrolytie
decompogition 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 extinotion with time of the vioclet complex
(PeCygCgHgNO) ~~  according to S, Asperger the
equilibrium reaction r.cjg”%§:§=r.cy5§,o"'+ o ()

in dark shifted completely towards left but was
prevented by relatively fast irreversible process:

r.0153304035550 & P00150h35!0+!30 (11)
It was then possible to measure the velocity of
decomogition of potassium hexacyanoferrate (I1I)
to aquapentacyanoferrate (II) dy complexing the
reaction product wvith nitrosobenzene. More recently
Malik and Kaphley (7) carried cut the decomposition
of hexacyanoferrate (II) in presence of Be'' and
cr*** tons. They studied the kineties of interaction
and the relatively fast irraversible process in
presence of Be'* fons and reported second order
reaction kinetics.

In this part of the chapter the results on
the reduction of nitrosobenzene pentacyanoferrate (II)
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complex at dropping murcury electrode are reported.
It may be mentioned that in the literature reduction
of aliphatie and aromatic nitrosocompounds (8-11)
(Nitroscbenzene, p~nitrosophencl, -nitroso-B-naphthol,
and nitrosophenyl hydroxyl amine) have been reported.
No references on the reduction of nitroscbenzens
complex of the hydrolytic decomposition product of

hexacyanoferrate (I1) are available.



EXPERIMENTAL

GOLUTIORG:
Hitroschenzeng:

Nitrosobenzene wvas prepared by the method
of Coleman ot al (12). Its solution of required
goncentration was prepared in double distilled
vater containing 90 per cent alcchol and tept' in
freeze.
Semposition of bulferss

All the buffers used were prepared in double
distilled water. Clark and Lubs, potassium hydrogen
phthalate, potassium dehydrogen phosphate, Borax
and godium dihydrogen phosphate bulfers were used
in pH rarge (1.0-2,0)3 (3.0-6,8), (7,0-8,8)3; (8,8-10,6
and (11,0-13,0) respectively for maintaining the
pH of the solutions, under investigations,
Aguapentacyanoferrate (I1): |

Potassium aquapentacyanoferrate (II) was
prepared employing Hoffman's method (13) with some
modifications, In an i1ce cold dilute alkaline
golution of potassium hexgeyanoferrate (I1I) [}otustul
hexaoyanoferrate (II) 10 gms potassium earbonate
1.0 gm in 200 =l double distilled water | chlorine
wvas passed till the red colouration persisted. The
solution was treated with oxygen free ice cold
ethyl alechol (4 folds). The yellow precipitate
was collected in the atmosphere of hydrogen and
dissolved in minimum gquantity of water and treated



«88.

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 ohtgined with repeated crystalisation of the
above product from cold ethyl alecohel, The
compound was dried in vacuum over sulphuric acid
for 24 hours. The faint yellow agueocus sclutien
414 not show any turbidity even after several weeks.

Weighed quantity of aguapentacyanoferrate
(I1I) was dissolved in double diatilled water and
its strergth was determined potentiometrically
against ceric sulphate,

Solution of potassium chloride of required
concentration was prepared in double distilled
water,

ApRaratuas

A Toshniwal palarogreph Type CLO-2 (India)
wvas empolyed, using a Pye sclamp Galvanometer in
the external circuit., The polarcgraphic cell and
the reference electrode (S.C.E,) were kept immersed
in thermostatic bath maintained at 30 * 0,1%
Purified hydrogen was used for de-aeration, A
Fischer capillary vith a drop time of 3.4 sec (ope
eirocuit) was used for the d.m.e, the capillary
congtant w3 t1/8 peing 2,877, Potassium chloride
and suitable buffers was used as the supporting
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electrolyte. FPolarogramg of the various mixtures

in duplicate were taken after 24 hours of mixing

the reactants, Mean of minimum and mximum diflec-
tion of galvanocmeter was recorded for each potential,
No maximum suppressor was used in present studies.
The following aspects were studled:

l-Mixtures containing 1,0 ml, 0,01M nitroso-
benzenej 1.0 ml, 0.01N aguapentacyanoferrate (II)}
1.0 ml, 1,0M potassium chloride were taken and
total volume made up to 15,0 by adding requisite
amount of the buffers, ranging from pH 1,16 to 12.8,
Folarograms of nitrosobengene alone in potassium
chloride and various buffers were also tgken for
comparision,

The above studies were carried out to
determine the influence of pH on the polarographie
reduction of the violet complex. Results are
tabulated below.
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Carrent potential data for the reduction of

Nitrosobenzene Pentacyanoferrate (II).
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g
E
o
C

Fig.1 (a)
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f-Mixtures containing 3,0 ml of 0.01M
nitrosobenzens and inereasing amounts of (0.8, 1.0,
1.5, 2.0, 2.5, 3.0 sl) of 0,01M aquapentacyanoferrate
(I1)4 1.0 W, 1.0M potassium chloride, total volume
made up to 15,0 Wl by adding requisite amount of
buffer of pH 4,0 (optimum pH from (I) above for
the reduction of the complex) solutions were also
'pnp-red in reverse order, viz., using a constant
volume of the agquapentacyanoferrate (II) (3,0 ml
0.01M agquapentacyanoferrate (I11) and increasing
amounts of nitrosobengzene (0.5, 1.0, 1.5, 2.0, 2.8
ml) and polarograms vere recorded under similar
econditiong., Results are tabulated below:
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=0, 90 +4.80 +11.00 +12,68 +8,50 +9,36 +10.10
«1,00 45,10 +11,850 +12,96 +8,80 +9,40 +10.20
«1,10 +5.,60 +11,90 +13,30 +9,1 +9,.685 -
"1-” "‘ﬁom *13.30 +13.m "‘9. 15 “9.65 -
"lom 9 065 4-19.90 - - - -
Curve . (1) (2) (3) (4) (5) (8)
mff'ullon 1.9 2.8 3.’ 5.‘ 609 709
Current
Pig.2(a)

Hotes Curve 1,2,3 have been plotted from the reading
of 1/10 senstivity (which are not given in the

table).
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3~ In order to study the relationship

between 1, and concentration of the eomplex,
mixtures containing equimolecular (0.01M) quantities
of the reactants (0.5 ml to 3,0 ml) were prepared
using 1.0M potassium chloride and phthalate buffer
of pH 4,0. Various results are recorded belows

0

0

38 40

«0, 850 «0 .83

0,85 0.7

» 0,886 «0 . 80

-0 .00 +1.20 +0,95 0,95 +0,.88 +0, 90
-0,02 +1.30 +1.08 +1.,03 +0 .95 +0, 96
-0,04 +1,38 +1. 10 +1.,10 +1.,08 +1.08
=0 .06 +1le40 +1.18 +1,13 +1.18 +1,20
0,08 +1.80 +1.20 +1,17 +1.22 +1.30
-oo 10 "‘1047 ""lom *lom "’1-” *1.40
-0 .20 +1.88 +1.48 +1, 30 +1,78 +1.78
«-0,30 +2,32 +2,87 +2,76 +3.38 +3.40
-0, 40 +3,68 +5,00 +5.,90 +7,00 +7.88
=0, 850 +3,80 +5,30 +4,30 +7,68 +9,18
-0 .80 +3, 90 +5.40 B.48 +7,7 +9,.58
-0, 70 +3,90 +5,80 +6,88 +7.95 +9,885

-0,.80 +4.00 +5,60 +,60 +8,00 +10,00
0,90 +4,01 +6,7 46,65 48,15 +10, 10
-‘.00 H.?ﬂ *sgm “.78 43.35 “'19.‘27

-1.10 “"035 ""5095 "acm "8060 -
—1.90 *‘.35 "som "7.@ "‘6.& 4']9.&
"1.m 45.& #.W - - -
-1,40 +7,80 49, - . -
Curve (7 (8) (9) (10) (11)
DMlfusion 1.8 3.6 4.8 8.6 7.0

Qurrent
Fig.2(v)
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RO TR PR TR N
e and 3.8 m) of esch of the reactanta (0.0 1M

e e o e
Hixture 4

Concentra~ 0,333 006“ 1.000 1.333 106“ 2,000
tion of

%5 ox x

pDiffusion 3.456 B5.43 7,68 10,90 13.8 16.7
current 198

x 1.10x10
amperes

Fig.3
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ZAHLE No.10

Aeantial data, taken ab difFerant haights of tk
MaTAlIMYy 00 ' » b 1 xtu Bt ant LY all ‘
™ 3 .

Height (h,op Diffusion current]l Droptime
of uroury at /2 ugsuvity Seconds
m..___mm___;_.x_
».37 5.8 8,38
40.18 5.8 5,38
49,80 8.5 4,34
57.01 8.8 3,74
61.48 7.2 3.42
Fig.4
Plot of h and h.Vs 1,4 P8

Plot of log -{;—1 Vs potential PFig.6_

Plot of log 1 yg 1lo0g ¢ Bix.2.
* Boorr, * Rexp = Boack

and hb“,k = dal
(5.6xnl 313,

649789

tie Rall)



Besults and discussionsi

The reduction of the nitrosobenzene complex
of potassium aquapentacyanoferrate (II) is dependent
on pi of the medium, Three pH regions can be
diatinguished.

(1) FProm pH 1,0-4,0, reduction takes place in
three waﬁs. The first, rising directly from the
dissolution of mercury decreases, es does the thirad
most negative wave, vhere as the second increases.
Total wave height remaing practically constant
(Pig.1 curve 1-4), The half wave potential of the
second wave wvas shiffted from 0,10 V.at pH 1,15 to
0,30 V.at pH 4,0, vhere as that of third wave was
ghifted from 0,58 V.at pH 1.18 tc 0,83 V.at pH 3,0,
(2) At pi )8, the height of the second wave
decreases (Pig.1, curve S-10), Another more positive
vave appears at (0,08 V.at pil 5.,0), the height of
which is paractically pH dependent,
(3) At pH 10,8 the height of the second wave
increases again, the half wave potential 0,7 V is
lidentical with that of the free nitrosobenzens (Fig.1l
eurves 11-13) the results are summarised in table
No,11.

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 el'fect
of mercury pressure (Fig.4,5). Also the plot of logi
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against log t (Pig.?) providesevedence for a
diffusion controlled two electron transfer process.
The step height 1s also s linear function of the
concentration of the complex (Pig.3).

The waves obtained with mixtures containirg a
fixed amount of the aguapentacyanoferrate (II) and
varying amounts of nitrosobengene and thoge of
mixtures prepared in the reverse order, have i,
values that inecrease with the concentration of the
reactants (Fig.2¢c) nitrosobenzene or agquapentscyanoc-
ferrate (II)j but the values become constant at a
combining ratio 1s1.

The foliowing scheme for the formation and
saubsequent reduction of the violet complex is sugges-
ted,

"n%lﬂo + Cgligh0 = l'cn(cya)%lo + HgO
Po’ Gy Cgligh0+2H "+ 20 = P X0y Cqii NHOR (2nd vave)

Filstﬂsnsnmm+dcn '.'Ilwﬁcﬂﬂsmﬂ (3rd wave)

This scheme is in agreement with the reported
polarographic reduction of nitrosobengene (9) and
Nephenyl hydroxyl-amine in this pH-range.

From the data obtained in the alkaline pi-
range, it may be ccncluded that the complex starts
decomposing beyond pH 6.0 and becomes quite un-stable
at pHl 11.0 B, and i, values of nitrosobenzene aquapen-
tacyanoferrate (II) complex and that of nitrosobengene
at different pH-values are shown in Table No.1ll.



pH {1.1 Jao] 3.0{4.0 1 s.oz 6.0 {c.s} 8.3] 8.8 } 9.;{;1;.6 Ln.o

complex.
(V.Vs B.C.E) 0,10 <0.16 0.22 0,30 <0.60 -0.10 <0.16 ~0.24 -0,26 0,26 0,290 -

(14), 3.0 4.7 4.9 63 S50 50 5.0 50 4.9 6.0 S50 -
(“)II .o.m -0.70 -0.& - -0.83 -0.“ -ﬂ.& -0.53 -0.59 -0.” .0065 .OQN
(12)1y 1.2 0.7 C.50 0.20 0.24 0.12 0.60 0.40 0.04 0.45 0.5 1.1
HEitrosobenzans

(B), «0.63 «0.70 =0.82 -0.08 =-0.08 -0.10 -0.12 =0.14 =0.10 <0.10 -0.10 -
(lg,)n i - - = - .38 DMl <ll =l =11 0.9

Subseripts I and II refer to second and third steps respectively.

o8-



=B

SHAEIESR A



«35.

W&W

Several mixed complex oyanides with organiec
compounds of Fe(I1) like (FeCygNig)>~ 5(1) PeCyg(CHNG),
(), PeCy,(Phen),, Fe(Cys) (41py)yy PelCy) (Phem) >

PeCy,(41py)°" § Fe(Cy)g (CO)g (py) (3,4) and Pe(Cy)

(Roiighc) 3'®) and that of Pe(I11) like Pe(Cyg) (NE)(S)

and F‘ocys(mﬂog)s'('l) 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, The notable
contribution in this field is due to 3, Asperger (B),
vho studied the effect mercuric ions on the reaction
velocity, between hexacyanoferrate (II) and nitroso-
bengene, The effect of gold compound (guma) on the
rate of substitution reaction between Fh NOy and
hexacyanoferrate (II) was studied dy Yatsimerskii and
Orlova (9)., The reaction

amcCly + a'ocy:" + 2 PhNO,

miCy3 + PeCyg- + 2FeCyg PhNOZ

HoO

was first order with respect to the Au concentration

and found to be independent of the FaCy;' concentration

vhich was taken in excess. A machenism was proposed

for this reaction to which the lowest stage of the

reaction reported, was the formation of l‘ocybﬂaoa'.
Nothing has been so far reportad in the
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literature on the exchange reactions between the
hydrolytic decomposition product of hexacyanoferrate
(III) and4 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 (II1) and nitrosobenzene in
presence of mercuric ions, in dilute solutions.

Priliminary observations revealed the following
interesting faots.

(1) On keeping the mixtures of nitrosobenzene and
hexacvanoferrate (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 colour]
was Adeveloped. The change in light green colour rea-
liged 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 ;1ght or under a bulb of white light or on heating
for 10 mirutes, slovly disappeared, but reappeared on
keeping in dark for severgl hours. Prolonged action
of sunlight or heat or wvhite 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 degcribed in this part of chapter carries
the spectrophotometric and pi metric studies on the
compogition of the complex and kinetics of colour

formation under different corditions.
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EXPERIMERKTAL

Exenration of solutiongs

Hexgcyanoferrate (I1I), rerystallized, was
dissolved in doudble distilled water and its strength
was determined volumetrically (10)., Stock solution vas
kept in amber coloured bottle and the solutions of
desired concentrations were prepared by diluting it,

Nitrosobengzene was prepared by the method of
Coleman et al (11) and its solution was prepared in
80 per eant alcchol,

Solutions of mercuric chloride potassium chloride,
potassium nitrate, potassium sulphate, potassium oyanide
and different buffers were all prepared in double distilled

water,

Apparatus:

Unicam SP-800 spectrophotometer was used for the
measurements of optical density values (slit width 0,01
mm gnd silica cell of 1 om thickness was used),

Backman plemster model H-2 was used for measuring
the pi,

Vosburgh and Cooper's Method (12), Before carrying
out actuagl spectrophotometric studles on the intergotion
of nitrogobenzene with hexacyanoferrate (III), absorption
experiments were performed with the complex at different
wavalengthps in order to select suitable wavelength to
workwith., Three solutions were prepared, each containing
10,0 ml of ].0'411 mercurie chloride, and No.,1, 2,0 sl of
10"% hexacyanoferrate (III) No,2, 2.0 ml of 10™2u
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i trosobenzene No.3, 2,0 ml of 10" M hexaeysnoferrate
(I11)and 2,0 ml of 10"°K n<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>