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ABSTRACT

Simple, rapid and accurate reductimertric titratiomethods (potentiometric and visual ) have beereldped for
the detetermination of Nitroso-R-Salt (a high mtigd chromogenic reagent ) using iron(ll) as alteing agent in
buffer medium ( pH 4.0-5.0 ) and in presence dfisn oxalate (0.05M) and a small amount of mettg/lblue

which acts as a catalyst as well as a redox indicaNitroso-R-Salt (NRS ) in the range 15-60mg bagn

determined with an accuracy of #0.5% and #0.7% I tcase of potentiometric and visual end-pointhous

respectivesy. The precision in both the methodshbieen determined by computing pooled standarcatieniand

95% confident limits. In this method NRS is redutteis corresponding amino compound by iron(ll)arfour

electron reduction step. The formal redox potestiaf the oxidant and reductant systems under thenam

titration conditios have been measured. Based esdlpotentiials,a satisfactory explanation for tthserved redox
reaction has been offered. Since oxalate is an @loelator, a species distribution diagram indingtthe extent of
formation of various species in iron(lll) — oxalatgstem has been generated using a computer progoam as
HYSS.
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INTRODUCTION

Nitroso-R-Salt [1-Nitroso-2- Naphthal, 3-6 disulforacid ] is one of the most useful nitroso gradiglyes. The salt
finds its applications in calico printing as wedl im the detection [barium, calcium, cobalt, iraitkel, silver etc. ]
and determination of [ cobalt, iron, potassium]etome metal ions mentioned in parenthesis. It beagmphasized
that earlier investigators in the field succesgf@inployed nitoso-R-salt ( NRS ) for the detetation of small
quantities of cobalt in plants and animal tissueg][ soilg[3], carbides[3 ], glasses[4], steelsgft. and potassium
in plant tissues[6]. More recently,it

it finds its usefulness as a sensitive chromogegagent for the determination of trace quantisiesome metal ions
[ like cobalt(ll), copper(ll), iron(lll) ] presenin gelatin films[7] and alloys[8]; a few noble raét[9,10] [e.g.

osmium(VIIN[9] and palladium(I)[10]]; other subabces[11,12] [such as thiosulphate[11], thioglycealcid[11] ,

vitamin C[12] etc. ] and paracetamol content imnphacutical preparations[13].
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A survey of literature, however, reveals the existeof only a few methods for its assay or deteatiom, though,
the comopund has high potential as a choromogesagent . The earliest among them is that reporied b
Clauser[14] in which NRS is reduced by phenylhydrazand the released nitrogen is collected oveaighosolution

to give the nitroso group content. The other mesheal far reported are wet chemical redox proceduareghich
NRS is reduced to its corresponding amino compausidg the conventional reductants like titaniumf1lb,16],
chromium(I[17], iodide[18,19], iron(ll) in phosjpinic acid medium[20,21] etc. Recently, a new reiucicum
cleavage technique to determine the content dfendnd nitroso compounds was proposed [22].

All these methods so far developed suffer from dimadvantage or the other. For example the coromeiti
reductants such as titanium(l11)[15,16], chromiubfli7] etc. are highly sensitive to atmospheric gaiy and hence
they need a special storage appratus to protect them aerial oxidation. Further, the titrationsngsthe reagents
must be carried out at elevated temperatures.drcdise of iodometric method [18,19] a blank cttive must be
applied by conducting a blank titration and theoeinvolved in the method is stated to be as higtb#8%. In

iron(ll)- phosphoric acid methods[20,21] the highncentration of the acid makes the medium vis@n the

method expensive; further, the reduction of NR®imd to take about 20 minutes for completion & thaction

and hence an expensive reagent (resorufin ) isemglas a catalyst to achieve rapid reduction[21].

The present paper describes a convenient redudiintiétation method for the determination of NR&wiron(ll)
in buffer medium of pH 4 - 5 and in presence afism oxalate(0.05M) and a small amount of methglblue (4-
5drops of 0.1% solution) which acts as a catagsivell as a redox indicator.The end — point inrtteghod can be
detected either potentiometrically or following thelor change of methylene blue (M.B) at the entMpdlhe
method now developed does not suffer from any efdisadvantages associated with the earlier metitadther,
all the reagents involved in the redox processcaremon inexpensive reagents which are availabkehiigh state
of purity. Moreover, the authors have computedrtatire and extent of formation of all the specigseeted to be
formed between iron(lll) and oxalate in the reattmedium through a computer program known as HZSS[
since the formation of such species is responéilsladecrease in the redox potential of iron(ItBfi(Il) couple and
enabling iron(ll) to function as a powerful redugiagent in buffer- oxalate medium. Based on theé&b redox
potentials of oxidant and reductant systems obthinethe reaction medium, a satisfactory explamafiar the
observed redox reaction has been offered.

MATERIALSAND METHODS

Reagents

Iron(ll) Solution:- An approximately 0.05M solution of iron(Il) .01M sulphuric acid medium has been prepared
from an AR grade ammonium iron(ll) sulfate hexalagdrand it is standardized[24] by titrating agamstandard
solution of dichromate.

Nitroso-R-Salt Solution About 0.05N ( 0.0125M ) solution of Nitroso-RdEhas been prepared by dissolving the
required quantity of AR grade salt in distilled ematThe solution is standardized[25] by titrataggainst a standard
solution of titanium(lll) chloride as described Kpecht and Hibbart.

Acid Solutions:- A 1.0M solution of hydrochloric acid has beeregared in distilled water from an AR grade
concentrated sample and the solution is standatdiyditration against a standard solution of sodiwarbonate in
the usual way ( in the place of hydrochloric aeid,.OM solution of perchloric acid, nitric acid @0.5Msolution of
sulphuric acid may be used).

Sodium acetate and sodium oxalate solutions:- MIs6lution of sodium acetate and a 0.20M solutibrsodium
oxalate have been prepared in distilled water fireir respective AR grade samples.

Buffer solutions- Various buffers of desired pH in the rangelr® abtained by mixing suitable volumes of 1.0M
hydrochloric acid and 1.0M sodium acetate solutiamg diluting the mixture to the desired volumetamilated in
Volgel [26] .

Methylene Blue Solutiorn A 0.1% (w/v) solution of the dye is preparegdissolving 100 mg of a dye sample in
100 ml of distilled water.
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Apparatus- A digital potentiometer is used for potential asarements. A bright platium rod and a saturated
calomel electrode are used as indicator and referetectodes respectively. The salt bridge conefsts' U * tube
with porous- end plates and filled with a satwtatelution of potassium chloride .

Recommended Procedure :-

[A]. Potentiometric Method

To an aliquot (3-12 ml ) of Nitroso- R — Salt sadut (0.05 N or 0.0125 M) taken in a 150 ml bealdr,ml of

sodium acetate ( 1.0M ) and 5-6 ml of hydrochle@ad (1.0 M ) are added [to give a desired pHhim itange 4.0-
5.0 when the solution is diluted to 50 ml ], folled/by the addition of about 12 ml of sodium oxal@&.20 M ) and
4-5 drops of methylene blue (0.1 % ) solutions. Tdt@l volume of the solution is diluted to abo@ &l and

purified nitrogen gas is passed through the reactioccture for about 4 minutes to expel any dissdlegygen. The
contents are now titrated against iron(ll) solut{od.05 M ) following a potentiometric method totelet the end-
point, while the solution is being stirred by a matic stirrer. A jump in potential of about 150 rp¥r the addition
of 0.05 ml of 0.05 M iron(ll) solution has beencoeded at the end-point.

[B]. Visual End-Point Method:-

The conditions for the visual end-point method theesame except that the colour transition of Muich is blue
to coloruless, has been followed to detect thepidt. No inert atmosphere need be maintained dutie titration
and no indicator correction need be applied tatleéhod.

RESULTSAND DISCUSSION

Some of the typical results obtained by the twohod$ have been shown in Table-1.

Tablel:-1. Determination of Nitroso-R-Salt with Iron(11) in Buffer Oxalate Medium

- — - —
Nitroso-R-Salt found Pooled standard deviation S| 1.96xs 95°/lo_conf|dence limits|
Standard method[25] Author’s method mg \n Wt \:}_Qﬂg
mg mg mg n
mg
Potentiometric Method
14.15 14.22 14.19t0 14.25
24.99 24.92 24.89 to 24.95
36.31 36.42 0.04 0.03 36.39 to 36.45
47.15 47.06 47.03 to 47.09
56.58 56.69 56.66 t0 56.72
Indicator Method
16.50 16.42 16.38t0 16.46
27.35 27.46 27.42 t0 27.50
37.72 37.60 0.05 0.04 37.56 to 37.64
46.21 46.34 46.30 to 46.38
55.64 55.50 55.46 to 55.54

*Average six determinatios

Nitroso-R-Salt in the range 15 — 60 mg has beeerdeted by potentionmetric and visual indicator moels with

an accuracy of £0.5% and +0.7% respectively. Thecipion involved in these methods has been found by
computing the pooled standard deviation and 95%iaemce limits to the meax and incorporated in the same
Table. In the present redox reaction, nitroso-R-B¢RS ] is reduced to its corresponding amino coor or
reduced nitroso- R-salt [RNRS ] by iron(ll) in aelectron reduction step[20] as shown in Equation-1
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NO
OH
4H++ 4e
NaO,S SO3Na NaO,S SO3Na

Nitroso-R-salt Reduced Nitroso-R-salt

Equation - 1

At the end-point, however, iron(ll) reduces methgélue to its corresponding leuco-base whicloiswrless in a
two electoron reduction step[27] as per the Equatio

H
/N N
ﬁ :O\ —= /Qi :O\
(H3C)2+N S N(CH3)2 (H3C)2H+N S N(CH3)2

Methylene Blue Leuco-Base of Methylene Blue

Equaton- 2

In the absence of inert atmosphere, the coloukeg®-base of methylene blue obtained at the ema-ofound to
undergo aerial oxidation, restoring the blue colofuthe dye. However, the short span of time iti¢lebase ) exists
at the end- point, sustaining the oxditaion by atpi@re oxygen allows the author to detect the emt-pvoiding
the maintenance of inert atmosphere during thegitn.

We find through our thorough investigations thag tiptimum titration conditions (most suitable caiwdis) for
rapid reduction of NRS by iron(ll), the pH of theaction medium must be in the range of 4- Sthedxalate ion
concentration must be about 0.05M or above. Eveteuthese conditions the above redox reactionuaddo be
slow at the end-point and requires about 20 minfatesompletion of the reaction. However, the reacts found to
be catalysed by methylene blue which incidentlytifums as a redox indicator in the method. The gttahction of
methylene blue may be explained as follows: In te&ction both NRS and methylene blue undergo tamuby
iron(Il), but the reduction of the former iswlavhile that of latter is rapid. Threfroe, wheari(ll) is added to the
reaction mixture consisting of NRS and methyleneebh buffer-oxalate medium, it is assumed that(id first of
all reacts with methylene blue reducing it to ilsresponding colourless leuco-base which beinglhigusceptible
to oxidation (as stated above) tends to transdezldctrons to NRS , thus bringing its rapid reiduncto RNRS.

For any redox system of this type, the formal redotential of the oxidant couple: [NRS]/[RNRS] (MRS system
) and that of the reductant couple: [ iron(llign(11)] (or iron system) found under the optimtitrations are very
helpful to envisage and explain the thermodynamitheoriticial feasibility of the redox reactiori.he potential of
the latter couple is avilable from one of our earfpublications [27] and it was found to be abdds#5mV, under
the optimum titration conditions [ i.e. in a buffeedium of pH about 4.2 and in presence of abd@8M oxalate
ion concentration ]. The authors observed that yhetie blue solution in the reaction medium has ffeceon the
formal potential. However, the formal redox potehtf the NRS system under the optimum titrationdithons has
not been reported so far. The authors have theredetermined the potential, as described by Mu2@ly[by

measuring the potential half way to the equivalepomt from the potentiometric titration curve abted by the
method. The value so obtained under the optiumtitiin conditions stated above is found to be 4ZBmV . From
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these potentials of the oxidant (425 mV ) and rémhutd 105 mV ) systems it may be seen that tteeedifferent in
potential of about 320 mV to expect thermodynamfealsibility for rapid reduction of NRS by ironYIl The
authors however found that kinetically the reduttis slow and catalysed by a small amout of metteylblue.
Since methylene blue served as a catalyst asawellredox indicator in this titration , the authbave measured its
transition pontential adopting the method of Belckbtal[29], and found it to be 255 + 5 mV . Tharisition
potential of the indicator ( 255 mV ) is found te mtermidiatebetween the formal potentiols of ¢txedant (425
mV ) and reductant (105 mV ) systems, thus expigirthe suitability of methylene as a redox indicatothe
present redox system.

It is known from a long time that the redox potahtf iron system [or iron(lll)/iron(ll) couple Jansiderably
decreases in presence of certain complexing miel®dons such as phosphoric acid[30], triethanomal
amine[31,32] , different types of phosphates[38]pride[34], oxalate[27] etc. The decrease in pti&rof iron
system causes iron(ll) to function as a powerfduing agent . Thus, iron(ll) as a reductant, iespnce of these
complexing ions finds numerous applications in wiel chemistry and they are beyond the scopéisfgaper to
furnish the details. However, as some of our reapptications ,we, reported reductimetric titratrapthods for the
determination of two nitroso compouri85], copper(ll) [36] ( in phohporic acid mediummdvanadium(V]37] (in
buffer oxalate medium ) uaing iron(ll) as a reduatta

IRON(IIl)- OXALATE SYSTEM

100
ML3
80

60

40

% formation relative to M

ML
0=

T T T T T T T T I
1.0 2.0 3.0 4.0 5.0
pH

Figure-1. Percentage Distribution of Iron(l11) oxalate complexes as a function of pH

The reagent described in the present paper namiyll) as a reductant in buffer medium and insgrece of
oxalate was introduced by Murthy and co-workersldte seventies[38] and the reagent finds a handful
applications in analytical chemistry[27, 39-41]aj® and co-workers measured [27] the formal redatemtials of
iron(l11)/ iron(ll) couple in media of varying pHL(5 ) and oxalate ion concentrations (upto a maxifi®.12 M ) .
They reported [27] that at a fixed pH (about 41B¢ potential decrease from 475 mV to 75 mV wittréase in
oxalate ion concentration from 0.0 M to 0.12 M ¢ at fixed oxalate ion concentration( 0.06 M) tladue decreases
from 375 mV to 85 mV with increase in pH fromd. 3 . From these data it is evident that the rquimbential of
iron system decreases with increase in pH and texala concentration. Thus, both pH and conceminatif oxalate
ion have profound influence on the redox potemfdton system. In general, under normal experimlecwnditions
the reactions using iron(ll) as a reductant areiegiout in dilute sulphuric acid (1-2N ) mediumavhin the redox
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potential of iron system is reported[42]to be ab@®® mV . Thus, the potential of iron system desesdrom about
680 mV in 1-2 M sulphuric acid medium to aboutri@¥ in buffer( pH 4.0 ) oxalate (about 0.12 M) madi.

The lowering in potential of iron system is atttid to the formation of different types complexesaeen iron(lll)
and oxalate ion depending on the pH of the mediline decrease in potential of iron system thus erdmathe
reducing ability of iron(ll) enabling it to functivas a powerful reducing agent. It is quite inteéngsto obtain
Information on the nature and extent of formatidnvarious species of iron(lll)-oxalate system bessauhe
information is necessary to understand its effecth® formal potential of the system. Though Batitjeet.al[43]
made a partial study in this direction , no dethitlata have so far been reported . Hence, the sutidained a
species distribution diagram for iron(lll) oxalatgstem using the fromation costants of variousisgaeported in
literature. A computer program HYSS [28 used to generate species distribution diagraows in Figure-1,
which gives the extent of formation of all the spscin solution as a function of pH The speciestritiution
diagram indicates that ML][trisoxalatoferrate(lIl)] is the major speciestive pH region 1.4 to 5.0 and reaches 99%
of the total metal at a pH of 3.2 and above. Thaceatration of ML [monooxalatoferrate(lll)] and ML
bisoxalatoferrate(lll)] monotonously decreases wittrease in pH . These species exists only belpi af 3.0.

CONCLUSION

Nitroso-R-Salt, which finds numerous applicatiorss & chromogenic reagent In analytical chemistryy be
determined ( in the range 15- 60mg ) accurdiglyeither a potentiometric or a visual method gsmon(ll) as a
reducing agent in buffer medium (pH 4-5) and iegence of sodium oxalate ( 0.05M ) & methylene iinéch

acts as a catalyst as well as a redox indicatoe ptoposed analytical method not only involves tise of
inexpensive, highly pure common laboratory reagentsalso offers several advantages over the egistiethods.
The species distribution diagram generated usitggraputer program known as HYSS reveals the formati
trisoxalatoferrate(lll) as the predominent spedietween iron(lll) and oxalate in the reaction medi The
formation of the coordination species seems teebpansible for decimating the formal redox potgraf iron(lll)/

iron(ll) couple and boosting the reducing abitifyiron(ll) in buffer oxalate medium
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