REDUCTION OF ORGANIC NITROGEN COMPOUNDS
. WITH IRON(I) HYDROXIDE, T '
The Factors Affecting the Reduction -

‘ Z.G.SZABO ,
Institute of Inorganic and Analytical Chemistry, Eotvos Lorand University, Budapest °

and

L.G. BARTHA
Insmute of Inorgamc and Analytlcal Chemlstry, Attila Jozsef Umversxty, Szeged

" (Received June 17, 1974).

The authors summarize their earlier observations concerning the reduction of the nitrate
ion, and on this basis find that with suitableé experimental conditions iron(II) hydroxide is a con-
venient reagent for the quantitative reduction and determination of nitro and nitroso compounds
and of nitric acid esters. Among the factors affecting the reduction, the condensation reaction of
the nitroso and hydroxylamine derivatives deserves the most attention, because the azoxy derivative
thus formed is not reduced quantitatively to the amine by iron(IT) hydroxyde. Since the participation
of this reaction in the reduction is the léast in neutral medium, its effect can be avoided if somewhat
less alkali than the equlvalent is used for-the precipitation of the iron(Il) salt -applied. In the same
way, the order of mlxmg the reacting substances also exerts an effect L

The reduction of organic compounds containing nitrogen-oxygen bonds. is
an intensively studied process in both organic and .analytical chemical practice. For
analytical purposes the most frequently used ‘reductants are titanium(Ill) and
chromium(II) salts, while iron(IT) salts are more common in the case of organic
nitrates: ' S ‘
On the ba51s of our nitrate determmatlon [1] elaborated earlier, iron(Il)
hydroxide appeared to be a suitable reductant for the reduction and determination
of nitro and nitroso compounds and orgamc nitrates.

Compared with the use of iron(Il) salts in acidic medium, the analytical appli- -

cations of iron(II) hydroxide are of secondary importance, without doubt because
of its sensitivity towards aerial oxygen. However, it can be well employed when
the reaction product formed as a result of the reduction can be measured after
separation. Iron(IT) hydroxide has been used successfully, among others, for the
deétermination of the nitrite and nitrate ions by means of the distillation of the
ammonia formed in the reduction [2, 3]. The reduction proceeds quantitatively
only -in strongly alkaline solution, after prolonged distillation, but the reaction ’
can-be catalysed by silver ions [4].

In the reaction, 8 moles of iron(II) hydroxide are consumed for the reduction
of 1 mole of nitrate, and this equivalence ratio gave us the idea of elaborating a
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redox determination which promised advantages in the multiplication procedures.
In principle, two routes seemed suitable: to measure (i) the excess iron(Il) salt, or
(ii) the iron(III) salt formed. On the basis of the well-known iron(IT) methods {5, 6],
the measurement of the iron(II) salt excess was selected, and in accordance with
the above principles, a permanganometric method was elaborated for the deter-
mination of nitrate [1].

In the course of our studies it turned out that, in addition to silver, copper ions
catalyse the process, too [7). The advantage of using copper is the fact that the
catalysis is disturbed only by the presence of antimony salts, while the catalytic
effect of silver is completely destroyed by numerous metal ions and several anions,
even in amounts of a few tenths of a miiligram [8].
~In this connection, it is worth while mentioning that BARKER and VoLk (9]
describe the presence of silver ions to be without effect on the iron(I) hydroxide
reduction of nitrate. They criticize the method of VARNER et al. [10] who, on the basis
of our studies, elaborated a procedure for. the  determination of the nltrogen of
ammonium, amlde nitrite and nitrate in the presence of each other.

Their experiences with the considerable sensitivity of the silver catalysis can be
understood and therefore-in both of these works [9, 10] it would have been more
‘favourable to use copper sulfate as catalyst. i

Although 1ron(II) hydroxide is extremely sensitive to aerial oxygen ox1dat10n
of the iron(II) ions, this effect can practically be eliminated by carrying out the
operations under boiling.

" To establish the extent of aerial ox1dat10n four permanganate titrations were
carried out on solutlons of iron(11) sulfate to which 10 ml 30% sodium hydroxide had
been added, the mixtures boiled for

Table 1 ' 10 minutes and then acidified, and
, , : - four were carried out by direct titrat-
1 _ 1 ion. According to the results given in
T , _ ~ Table 1, the consumption of the
28.74 . : 28.63 titrant is on average only.0.12 ml
28.74 28.61 lower in the case of the solution
28.72 ) 28.60 :
' 2873 . . 28,60 - boiled with alkali. (InTablel, column
Mean value 28.73 ml | Mean value * 28.61 ml . I.glves the volumes of O,IN potas-.
- sium permanganate solution con-

sumed in the direct titration of the
1ron(II) sulfate solution, while column II gives the volume consumed in the titra-
tion of the solution which had been treated with alkali and boiled for 10 minutes. )

By applying a blank test, this very small degree of oxidation causes a completely
negligible error.

In the determination of the organic substances, permanganometry or- other
oxidimetric methods could not be applied- because of the presence of the amine
formed in the reduction. At the same time, the measurement of the iron(Ill) salt
- produced by the use of a reducing titrant promised greater precision: in this case
a difference of 0.01 ml in the added iron(Il) salt causes a difference of 0.05 ml in
the consumption of 0.1 N titrant; the iron(Il) sulfate applied consumes about 50 ml
0.1 N potassium permanganate. )

A solution of the very stable mercury(I) mtrate seemed most suitable as titrant.
This reagent was used by BRADBURY and EDWARDS [11] for direct titration of iron(I1I)
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ions; more recently it was proposed by BELCHER and WEST [12], and its use was.
“extended by TARAJAN [13] to the direct titration of other oxidants, too. In the pre--
~ sence of sufficient thiosulfate the reaction is stoichiometric, and because of the
extremely stable nature of the titrant it is more suitable than all other reductants
for the determination of iron(Ill) ions.

For the preparatlon of a 0.05N mercury(l) nitrate titrant solutlon the de-
scriptions to be found in literature use nitric acid. The prepared solution must be-
freed from nitrogen oxides with a current of air, because otherwise nitrosyl thio-
cyanateis formed from the ammonium thiocyanate added to the solution to be titrated.
The colour of ammonium thiocyanate is so similar to the red colour of the iron(III)
thiocyanate that the detection of the end-point .becomes practically impossible:
because of its constant re-formation [14]. In our experience, the formation of nitrosyl
- thiocyanate frequently occurs even if the solution has previously been boiled, whereas
* not even the slightest disturbing effect appears if the solution of mercury(l) nitrate-
is prepared with perchloric acid.

The expériments for iron(Il) hydroxide reductlon of -organic compounds weré:
“originally carried out as in the determination of nitrate. An 1ron(II) sulfate solution
was measured into a boiling, alkaline solution of the organic compound, and after
the reduction the acidified and cooled solution was titrated for iron(III) ions with

a standard solution of mercury(l) nitrate. With this method, however, satisfactory-

results could not be obtained with the vast majority of the nitro and nitroso com-

pounds. When calculatlons were made on the basis of the reaction
R—NO,+6 Fe (OH); +4 H,0 —~ R—NH,+6 Fe(OH);,

low results were very frequently obtained. From the similarly considerable dif--
ferences (5—20%) in the results obtained for a given sample, it could also be estab--
lished that the reaction does not take place in a clear-cut manner, even assuming;
the transfer of a number of electrons different from that mentioned above.

The results could be explained by a deviation from the Haber mechanism [15]:

R—NO, —~ R—NO —- R—NHOH —— R-—NH,.

HaBER himself pointed out that under different experimental conditions a pumber -
of side-reactions may-. take place in the three-step reduction of nitrobenzene. The-
“most 1mportant of these is the reactlon between nitrosobenzene and phenylhydroxyl—
amine: '
R—NO + HONH-—R — R—N=N—R +H, (o)
y

O

The part1c1pat10n ‘of this reaction in the.overall process is quite. significant, partl--
cularly in alkaline medium.

BrANDT and MAHR [16] studied the rate of the reaction between nitrosobenzene-
: and phenylhydroxylamine and found the followmg relations with regard to the-
effect of the medium. If the reaction rate in neutral medium was taken as unity,
then in a medium of 0.005M HCI, 0.01 M HCI, 0.0025M KOH or 0.005M KOH,.
the rate was found to be 2, 3, 200 and 300, respectlvely ‘
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The investigations of HINSHELWOOD ez al. [17] showed that the reaction between
hydrazobenzene and phenylhydroxylamine plays an important role in the titanium(I11)
-chloride reduction of nitrobenzene and its derivatives, in spite of the fact that the
direct reductions of these two compounds are fast processes.

Thus, the reason of the failure of iron(II) hydroxide reduction of the nitro
-compounds to give analytically useful results with the given procedure in the case
of numerous compounds was that considerable amounts of azoxy compounds were’
formed during the reaction, and the iron(II) hydroxide was not able to reduce
‘these to amines. :

' Considering the aboves, the subsequent experiments were carried out in such
a way that the alkaline medium should have no effect on the side-reaction mentioned.
For thrs purpose the addition of the iron(II) sulfate was now made to a boiling
but neutral solution of the compound, and finally a solution containing an amount
‘of sodium hydroxide, almost equivalent to. the iron(Il) sulfate, was introduced into
“the mixture. With this method it was possible to attain or to approximate very well
the six-electron reduction with the vast majority of the compounds studied. In
‘most cases, however, even better results could be obtained by adding the reagents
‘to each other in yet another sequence: adding first the iron(Il) sulfate solution
‘to the boiling solution of sodium hydrox1de and then the solutlon of the nitro
compound to this reaction mixture.

After working out the most suitable method, the reaction was also carrred out
“in every case with the original sequence of adding the reagents. Although the data
-s0 obtained were not of use from an analytical point of view, valuable conclusions
-could be drawn with regard to the course of the reduction, the extent of the

part1c1patlon of the side-reactions, and the transformatlons of certain compounds

‘in the course of the reaction.
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BOCCTAHOBJIEHUE OPITAHNYECKUX A30TCOOAEPXAIUX
COEJIMUHEHUIM TU/IPOOKHUCHIO XEJIE3A(), I
DaKkTOPBl, BIUAOIIAE HA PEAKIHIO BOCCTAHOBJIEHHS

3. I'. Cabo, JI. I'. Bapma

ABTOpPBI IOABOAAT HTOTH DPaHee IMOJIYYEHHBIM HAHHBIM, OTHOCSIIAMCS K BOCCTAHOBJICHUIO
HUTPAT-HOHA, M HA OCHOBAaHWH 3TOTO TMOKA3bIBAIOT, YTO MPH COOTBETCTBYIOLIMX KCIEPHMEHTAIIb-
HBIX YCJIOBHSX THAPOOKHCH eie3a(ll) sBIseTcs MOAXOAALMM PEAreHTOM ISl KOJMYECTBEHHOTO
BOCCTAHOBJICHHSI M ONpPEAC/IEHAS] HUTPO- M HATPO30COSAMHEHWHA M 3(PUPOB a30THOM KHCIOTHL
Cpenn (hakTOpPOB, BIHSIONIAX HA PEAKLMIO BOCCTAHOBIICHHS, 3aCIyKHBAET HAUOOIIbLICe BHUMAHHE
peakiusi KOHIECHCALIMM HUTPO30- M THAPOCH-aMHHOMPOM3BOAHBIX MOTOMY, YTO OOpa3oBaBLIeeCs
TIPOM3BONHOE A30KCHCOEIMHEHHS, MO/ BIMSAHHEM THAPookucH xeine3za(ll) He BocCTaHABIMBACTCS
KOJIMYECTBEHHO. BCJIEACTBHE TOro, YTO YYAaCTHE JTOM peakiud B BOCCTAHOBJIEHMM HAMMEHbBILEE
B HEHTpaJIbHOM cpejie, eé BIUsHEE MOXET OBITh YCTPAHEHO NPH NPUMEHEHHH MEHBIIMX KOJIMYEeCTB
mesoun, YeM Heobxomumo ans ocaxaenus comn xkene3a(ll). K ananorudHomy pesyibTaTy TpH-
BOIAT H COOTBETCTBYIOLIMM MOPSIOK BBEICHHS PEATEHTOB.



