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ABSTRACT

A simple accurate and convenient reductimetriation method has been developed for the deterroimatf two
nitroso compounds namely: | -Nitroso 2 Napth@iNiraso f —Napthol) and 2-Nitraso 1-NapthoB-Nitroso a-
Napthol) using iron(ll) as a reducing agent in agsphoric acid medium. The method consists in titgathe
solutions of these compounds against iron(ll) im@® M (or above) phosphoric acid medium and iesgnce of a
small amount of resorufin (RSF) which acts as algat as well as redox indicator. The color trdimi of the
indicator at the end- point (from red to bluish grg is sharp, reversible and no indicator correatioeed to be
applied. The two nitroso compounds in the rang2(brg have been determined with an accuracy o0& ®o. The
precision of the method is found by computing mbalmndard deviation and 95% confidence limitsThe two
nitroso compounds are found to be reduced by itbi¢l their corresponding amino compounds each irfaur
electron reduction step. The indicator RSF is retlito its bluish green semi quinone by iron(Il)oime electron
reduction step. The formal redox potentials of tiie oxidant systems ( [nitroso compound]/[amimonpound]
couple) and the reductant system ( [ iron(ll1)]i’pn(ll)] couple ) and the transition potential tiie indicator RSF
have been measured in 9-12 M phosphoric acid medBased on these potentials data, the conditiorsiee in
the titrations have been explained.
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INTRODUCTION

1-Nitroso 2-napthol and 2- Nitroso 1-napthol beldadhe nitrso group of dyes and are generallyzeatl in calico
printing. However, they find numerous applicationsanalytical chemistry[1-10] for the detection fbo, cobalt,
iron, copper, molybdenum, nickel, palladium, vawmadi zirconium .etc) and determination (cobalt, @pp
palladium and zirconium etc.) of several inorganits present in real samples such as steel, vasiahd similar
materials. Recently, utilizing these nitroso comnpds, some spectrophotometric methods for the métation of
microgram quantities of nickel, iron, cobalt, copp&c. present in some real samples have alsopoeteel [11,12].
In spite of their numerous applications in anabfichemistry, the existing methods for assay oemeination of
these two compounds are found to be a few in nusnfdrese methods utilize the reductant like hydief2i3],
titanium(lll) [14,15], iodide[16] ,hydriodicacid[17 chromium(I)[18] iron(ll) in high phosphoric adjfil19] medium
etc.

However, these methods are not entirely satisfacknr example, in the method using hydrazine eesiactant, the
collection of nitrogen gas from the nitroso compdsins tedious and time consuming. The reductanth sis
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titanium(lll) and chromium(ll) are highly unstabiewards oxygen of the air and thus require theaise special
storage apparatus. Further, these titrations haveetcarried out at elevated temperatures. Thectieduof the
nitroso compounds with potassium iodide is verywsknd requires about 20minutes for the completibthe
reaction in a dark place. Moreover, the methodss laccurate (+ 5%). In the hydroiodic acid metth@dnitroso
compound solutions must be heated in a sealedfouti®0 to 308C. The method utilizing iron(ll) as a reluctant in
phosphoric acid medium takes about 20 minuteshercompletion of the reaction. Further, the d&acof end-
point (yellow to colorless) in the method is diffltand it is less accurate.

In view of the above mentioned disadvantages amtsutiwith earlier methods, we have now developed a
convenient reductimetric titration method for thetefmination of the above mentioned two nitroso jpoamds
using iron(ll) as a reductant in phosphoric aciddimen employing resorufin (RSF) as a catalyst ad a®la redox
indicator. In this method, the reduction of the@gb compounds by iron(ll) is instantaneous, tHerapansition at

the end-point is sharp and the method accurate.

MATERIALS AND METHODS

All the chemicals were the analytical regent gradiess and otherwise stated and all solutions wezpared in
distilled water.

Iron(ll) solution: - A 0.05 M solution of iron(ll) is prepared froiron(ll) sulphate hexahydrate in 1N sulphuric
acid medium and standardized [20] by titrating agiaa standard solution of dichromate in the usizl.

1-Nitroso- 2-Napthol and 2- Nitroso-1 —Napthol soltions:-0.01M solutions of the compounds are prepared in
glacial acetic acid medium and standardized [15}itogiting against a standard solution of titani(i) chloride
(0.01 N) in 1M hydrochloric acid medium at abdif(®.

Resorufin solution (RSF solution)- An approximately 0.05% (50 mg in 100 ml) solatiof resorufin (Aldrich
U.S.A) is prepared in 0.05M sodium hydroxide medium

A digital potentiometer with a bright platinum rdds indicator electrode) and a saturated calonesltrelde (as
reference electrode) has been used for potentiabunements.

Recommended procedure- To an aliquot (3 to 10 ml) of a nitroso compduwsolution taken in al50 ml beaker
fitted with a three- holed rubber stopper (one bfol is intended for introducing the jet of a bteeand the other
two for accommodating the inlet and out let tubasdirculation of carbon dioxide gas) required voliof ortho
phosphoric acid is added to get an acid strengtbofit 9-10 M near the end- point. The solutiodilisted to about
50 ml, followed by the addition of 0.2 - 0.3 ml 8f05% resorufin solution. Purified nitrogen gasi@v passed
through the solution for about 3-4 minutes to expey dissolved oxygen. The solution is then titlaégainst a
0.05M iron (II) solution with the help of a magrestirrer to the color change of the indicator fromd to bluish
green. Carbon dioxide atmosphere is maintainezlitiitout the titration to prevent the aerial oxidatof reduced
nitroso compounds (or amino compounds). Some ofyihieal results obtained by the method are shownhable —
1.

RESULTS AND DISCUSSION

The concentration of phosphoric acid must abou¥190 above for a rapid reduction of the nitroso pamnds with
iron(Il). The accuracy of the method is found to b®.6%. The precession of the method is determined by
computing the pooled standard deviation and 95%idemce limits [21] to the mea® and these values are
included in same table.
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Table-1: Determination of 1Nitroso- 2-Napthol and 2- Nitroso-1 —Napthol with Iron(ll) in Phosphoric Acid Medium:

Nitroso compound found* ) e
. 95% confidence limitX+ 1.96xS
Standard method [15] Author’s methor Pooled standard deviation Sg, ng.ganSg Vn ’
mg mg mg mg

1-Nitroso-2-Napthol

5.19 5.22 5.20t05.24

8.6€ 8.71 8.6¢10 8.73

12.17 12.0¢ 0.C3 0.C2 12.04t0 1208

15.58 15.51 15.49 to 15.53

17.32 17.39 17.37t017.41
2-Nitroso-1-Napthol

5.88 5.84 5.81t0 5.87

6.92 6.97 6.94t0 7.0

9.52 9.4 0.c4 0.C3 9.4410 9.50

13.85 13.92 13.89t0 13.95

16.45 16.53 16.50 to 16.56

*Average of six determinations

In the present method two nitroso compounds areicestl to their corresponding amiicompounds in a four
electron reduction step according to the fallowdogation 1&2.

NH,
OOH OH

!
-+ 4FeSO, + 4 HpO, —> ‘ ~+ 4FePO, + 4 H,S0, + H,0

1-nitroso-2-napthol 1-amino-2-napthol
Equation-1

OH
OH No H

— 4FeSO, +4H,pO, —> ‘ + 4 FePO, + 4 H,50, + H,0

2-nitroso-1-napthol 2-amino-1-napthol

Equation-2

At the end-point, howevethe indicator (RS) (red in color) is reduced by iron(Ity its bluish green semiquinone
form in one electron reduction step as foi fallowing equation(Eqation-3) as eldated earli[22,23].

e-
—_—
) ~ H*
(e W aH HO OH

Resorufin Semiquinone
Equation-3

The intense bluish green colobserve at the engsoint is attributed to the free electron thatpresent in the
semiquinone.

Rukmini and Kavitha [19%arlier state that the reaction between nitroso compouardts iron(ll’ in phosphoric acid
mediumis slow and takes about minutes for the completion of the reaction. Tireser authors also made the
same observation bétund that the reaction is quirapid in presencef a small amount of RS Thus, it has been
observed RSF is no doutatalyzing the present redox reactions and simultanecatiyng as an indicator to dete
the end-point of the titration.
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The mechanism of catalysis of RSF may be explaasedallows: Earlier authors observed[19] that teaction
between the nitroso compounds iron(ll) is slow mogphoric acid medium, while that between resorafir
iron(ll) in the same acid medium is quite rapid][Z2Bherefore, it is a assumed that, when the rotie@smpounds are
titrated against iron(ll) In phosphoric acid mediamd in presence of RSF, first of all RSF is reduteits semi
quinone from which contains a free electtequation-3). The free electron may be readilydfamed to the nitroso
compounds leading to their rapid reduction (caiatyzhe reaction) to their corresponding amino counpls.

In order to explain the feasibility of the reactioetween the two nitroso compounds and iron(Iptiesphoric acid
medium and in presence of RSF as a catalyst, tt@uhave determined the formal redox potentiaithe two
nitroso compounds or oxidant systems ([1-nitrdaaapthol]/[1-amino -2-napthol], and [2-nitroso r&pthol]/[2-
amino -1-napthol]), & those of iron or reductarystem [iron(ll)]/[iron (I1)] at different phosphdc acid
concentrations. The potentials of the former casifiétroso compound systems) have been measurediregithe
procedure of Murthy and Murthy [24] while thosetb€ latter by the procedure of Rao and Dikshi{@i. The
potentials data thus obtained have been record&dble-2.

Table-2: Formal Redox Potentials of Oxidant system@itroso compound systems) and Reductant Systenign system) in 9-12 M
H3PO, Medium.

S| | Concentration of] Conditional redox potentials NHEMV+5 mV

No Phosphoric, M | 1-Nitroso-2-napthol system  2-Nitroso-1-naptol sgste Iron system
1 9.0 687 689 429

2 10.0 695 698 419

3 11.0 705 707 409

4 12.0 710 715 388

* Normal Hydrogen Electrode

From these potentials data it may be seen at ttmalopotentials of the two nitroso compound systémsease
while those of iron(lll) / iron(ll) couple decreasdgth increase in phosphoric acid concentrationmfr8-12 M.
Further, it is evident from these data that théeddnce in potentials between the oxidant and tadiicsystems
(nitroso compound system and iron system) is aBb&Gtto 320 mV under the optimum titration conditare in 9-
12 M phosphoric acid medium. This difference ingmials is sufficient for rapid reduction of thetroso
compounds to their corresponding amino compounds fiour electron reduction step. Thus, these piatisntata
neatly explained the conditions for the rapid reitunc of the nitroso compounds by iron(ll) in phosphb acid
medium in presence of RSF as a catalyst.

In order to explain the suitability of RSF as darindicator, the author has determined transiiotentials of the
indicator RSF adopting the procedure of Belche.g26] under optimum titration conditions anahgpared them
with those of the oxidant and reductant system®rdexi above in Table-2. The transition potentidflsR&F
indicator has been found to be 560 +10mV and 5521 in the titration of 1-Nitroso-2-napthol and 2tids-1-
napthol respectively. From these potentials dataavident that the observed transition poten{@i? - 560mV) of
RSF are in the useful intermediate range betweeriditmal potentials of the oxidant systems ( ra®ge-715 mV)
and those of the reductant system (range 429-38B Whus, these potentials data are helpful in &ixphg the
feasibility of a RSF as a redox indicator in thegant redox reactions.

Recently, we reported the use of iron(ll) as a ctichetric reagent in buffer medium & in presenceogélate for
the determination of vanadium(v)[27]. We found lewer, that this reagent is futile in reducing th&oso

compounds. We further noticed that methylene [28§ a thiazine dye , which is similar in charasté those of
resorufin could not catalyse the present redoxtimaand attempts to develop redox methods foretesnpounds
using potassium ferro or ferricyanides[29] did satceed.

CONCLUSION

The two nitroso compounds ( 1-Nitroso-2-Naphtholl @aNitroso-1-Nsphthol) can accurately be deterchibg
titrating the solutions of these compounds agairstindard iron(ll) solution in about 9M or ab@®sphoric acid
medium and in presence of small amount of resomufiich acts as a catalyst as well as a redox italichn this
method, howeverGhloride, sulfate, acetate, manganese(ll), zingl aluminum(lll) do not interfere. Nitrate and
nitrite ions interfere at all conditions.
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