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ABSTRACT

A new reagent N, N, N, N - Tetramethyl-p- phenylenediamine
dihydrochloride (TMPDA-2HCI) was described for the determination of Iron
(I1) spectrophotometrically. Beer's Law was obeyed between (0.4- 2.4 ppm)
Iron(1ll). Optimum conditions were : PH(2-3) , Amax = 560nm , 2mi
(0.00IM) reagent freshly prepared for final 25ml solution containing 10 to

60 ug [i .e. 0.4-2.4ppm Fe(Ill)] , colour developes after 10 minutes and
remains stable for three hours .

Best straight line drawn by the method of least Square gave correlation
coefficient of ( 0.999) between ( 0 - 2 ppm). At lower limit of Fe(Ill)
determination (0.4 ppm) ,maximum error did not exceed 5% in the presence
of accumulative interfering ions with coefficient of variation of 1.8%.
These values , for 2 ppm Fe(lll) ,were less than 4 % and 0.34 %
respectively.  Average extinction coefficient was about (1.5x 10° L.mol™ .
cm ™ ) . The stoichiometry of the complex [ Fe(ll) -R]was1: 1.

Interferences of 27 ions were studied for their tolerance levels, Only few
ions interfered seriously which were Cuz*,/}[g+ Zn** Sn®* C,0%, and F~.
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INTRODUCTION

Iron(IIl)has been determined by reagents such as thiocyanate , Tiron (1)
(Sodium -1,2-dihydroxybenzen - 3,4-disulphonate) and
ammoniumdiisopropyldithio-phosphate (2) . Recently two new reagents have
been described for the determination of total iron [ Iron(II) + Iron(IIl) ] . The
first reagent was 3,4-dihydroxyphenylacetic acid (3) and the second (4) was 3
, 4 - Dihydroxybenzaldehyde. o

The present work studies the use of N,N,N,N-Tettramethyl-p-
phenylenediaminedihydrochloride (TMPDA-2HCI) as a reagent for the
determination of Iron(IIl) . To the anthers knowledge and up to the most
recent available review in 1992(5) ,this reagent has not been used for the
determination of Iron(III) .

Experimental :

Chemicals : Both Analar and General purpose reagents were used from
(Fluka , BDH and Ricdel de Hein) without further purifications . Ordinary
distilled water prepared in all glass still and stored in polyethylene containers,
was used .

Stock Solutions : 100ppm Fe(IIl) , was prepared from ammonium ferric
sulphate . An appropriate amount of the salt was dissolved in little water
containing a drop of concentrated HSO4 to prevent hydrolysis and completed
to the mark with distilled water .This solution was standardized
gravimetrically (6) . A set of at least eight standards between 0 to 4 ppm
Fe(IIl) were prepared by serial dilutions from another standard of 20 ppm
which itself was prepared from the stock solution , each time a calibration
curve was needed.

The reagent N,N,N,N -Tetramethyl-p-phenylenediamine dihydrochloride
(TMPDA-2HCL ) 10° M . Solution was prepared in distilled water fresh
every day.

Equipments :
The spectrum of the complex was taken using a double beam UV-Vis
scanning spectrophotometer (Perkin Elmer Hitachi 200 ) .

All other absorbance measurements were taken on a single beam
spectronic - 20 ( From Milton - Roy Company USA ) . Measurements of pH
were taken using model( PW 9420 Philips ) pH - meter equipped with a
combined glass electrode .
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Procedure :

Two mls of the reagent ( TMPDA- 2HCL ) with a suitable volume of
Fe(lll) standards or samples to give final concentration between (0.4 - 2.4
ppm ) Fe(Ill) are taken in a 25ml capacity volumetric flask . The pH is
adjusted with 0.02 M HCI so that the final solution will have pH between (2-
3) . To avoid the tedious pH adjustment , it is possible instead to add 0.1 ml
standard 0.02 M HCI, then the volume is completed to the mark . The blank
is prepared in the same way containing no Fe(III) . The absorbance should be
read after 10 min against the blank at room temperature at the wave length of
560 nm .

Draw the usual calibration curve [A vs. ppm Fe(IIl)] and measure the
sample concentrations . For better accuracy , use the method of least - square
(7) applying the equation y=a+bx for concentrations around 2 ppm and
the equation y =bx close to 0.4 ppm .

RESULTS AND DISCUSSION

The Absorption Spectra :

The spectra of the complex [Fe(III) with the reagent TMPDA - 2HCI ]
against the blank and of the blank against distilled water are shown in Fig -1 .
The spectrum of the complex showed two distinct maxima , first was at 560
nm , which was also chosen for all subsequent measurements , while the
second was at 610 nm and has slightly lower sensitivity.

It is also clear from this figure that the blank has almost zero absorbance at
the working wave length which is quite useful since this does not contribute
in reducing sensitivity of the method

At these two maxima Fe(IT) has two very small peaks on the negative side

showing no significant effect and no possibility for direct determination of
total iron.

pH Optimization :

Preliminary experiments showed that the complex is formed at low pH , at
the pH of the prepared iron solution which was between 2.23 - 2.83. Fig 2
shows that at pH values lower than 2 and higher than 3, the absorbance
declines sharply while it remained constant between 2-3 at both low and high
concentrations of Fe(III) . To avoid extensive pH adjustments , it was found
that the addition 0.1ml of standard of 0.02M HCI was sufficient for all
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solutions to maintain pH between 2.2-2.8 in the final 25ml solution without a
need to a buffer solution .

Optimization of the Reagent Quantity:
Volumes between 0.1-2ml of the 10~ M reagent were tested for the final

25ml solution . Best sensitivity was obtained when 2 mls of the reagent were
present.

Stability Studies:

Both the reagent and the complex were tested for their stabilities as shown
in Fig-3. It is shown that the complex formation is complete after ten minutes
at (Room.Temperature) and remained stable for at least three hours . This is
quite suitable for most applications .

The reagent , however , shows more instability particularly after 40
minutes from its preparation .But, comparing results obtained for the
determination of a known quantity of Fe(Ill) , using both fresh and old
reagents under identical conditions, showed no significant difference in their
absorbances when the reagent is only 24 hrs .old and only 5% lower after
three days .It was also found that this loss in sensitivity has not been
associated with loss in accuracy providing that the same reagent was used for

all standards and samples at the same time . However , 1t was preferred to use
freshly prepared reagent each time.

Stoichiometry of the Fe(III) - Complex :

The two well - known methods namely , the mole ratio and continuous
variation , were used to determine the structure of the complex and the results
are shown in Fig 4 (a , b) . In the Ist- method , number of moles of the
reagent were kept constant but number of moles of Fe(IIT) ion were changed .
In the 2nd - method , however , number of moles of both reagent and Fe(III)
were changed keeping total number of moles always the same .

Conclusions from both figures gave the same Fe(III) / R mole ratio of
(1:1) , accordingly the structure given in Fig.(5) is proposed.
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Fig.( 5 ) : The proposed structure of the complex Fe(IlI) -TMPDA
Interferences :

To a solution of 1.12 ppm Fe(III) , a suitable salt of the metal to be studied
was added in successive portions until deviation in absorbance compared to
zero interference , has been observed . Table -1 shows the tolerance levels of
the common cations and anions studied . The table indicates reasonable
selectivity of the reagent towards Fe(III) . Except few cations and aniouns ,
such as Cu**, Ag", Zn*, Sn**, C,0.* and F showed strong interferences , all
other ions gave quite reasonable tolerance levels . Thus a broad field of
applications of the method would be possible .

The mechanism of interferences may differ from one ion to another . The
cations Cu™, Ag®, Zn®*, Cd®",Ni**,. .. etc will interfere perhaps through
the formation of complexes with the reagent therefore positive errors
encountered . All other interferences are expected with any method of
Fe(Ill) determination and not because of nonselectivity of the reagmt.
Fluoride interference, for instance, is quite natural since it forms a strong
complex with Fe(III) of the form ( FeFs> ) . Sn?*, on the other hand, interferes
through the reduction of Fe(Ill) to Fe(Il) while some anions such as PO,>
form insoluble salts with iron(III),  these interferences gave negative
deviations . Fortunately the strong acidic condition of the present method
minimizes the formation of insoluble salts between Iron(IIT) and anions such
as PO;” ,COs*, HCOs , SO , C,04 and tartarate,thus lowering the
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Table (1) : Tolerance levels of Usual Cations & Anions
Cation Tolerance Fold = Error Anions Tolerance ppm | Fold = Error
ppm Cat/Fe* | ditec- Anion / Fe’* | Ditection
tion
Na’ 1.784 x 10* | 16218 + g 4.84 x 10° 4400 -
K* 22x10° 2000 + Br 6.2 x 10* 16218 +
NH,* 24 21.8 + S0~ 2.68 x 10° 2436 +
Ni** 119.6 17 + HCO;y 120 109 -
Cu 0.1 0.09 - PO 8 13
Zn** 1 0.9 - GO~ 2.6 2.3 -
Co* 96 87.2 + Taratrate | 48 43.6 -
Cd* 6.5 5.9 - CHO, 26.4 24 -
Pb*" 240 218 - NO; 2.4x10° 2181 +
Ca** 28.8 26.1 + F 4 3.6 -
Fe?* 10° 90.9 + ClOy 258 234.5 +
Cr' 33.3 30.2 +
AP* 9.7 8.8 +
Ag' 0.5 0.45 +
Sn?' 2.7 2.4 .
Hg™" 147 133.6 -
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interferences of most of them to a reasonable level as it is clear from the
table.

Beer's Law and Calibration Curve :

Applying optimum conditions obtained until now  to a standard
calibration curve plotted in Fig -6 it can be shown that Beer's Law is obeyed
between 0 - 2.4 ppm Fe(Ill) ion. To evaluate best straight line , the data
were plotted by the method of least square (7) using either equations y =a
+bx or y=bx, starting from zero or 0.2 ppm and upto 2 or 2.4 ppm
Fe(III) ion. A typical line is also shown in Fig -6 compared to the
uncorrected line , indicating great agreement between them . This is also
proved by the high values of correlation coefficient [( r ) which were
between 0.983 - 0.999] and very small values of [(a) which were between
0.0223 - 0.0017] obtained especially when the upper range is 2 ppm Fe(III),
see table -2- .

The Accuracy and Precision of the method :

Table -2- shows the recovery tests of 10 pg standard Fe(III) added to
solutions containing either no iron or 40ug of Fe(IIl) in the absence and
presence of accumulative interfering ions listed in Table -1- near their
tolerance levels as synthetic samples .

As previously concluded , the table shows that the ranges (0 - 2 ppm or
0.2 - 2 ppm) Fe(III) gave better accuracy, whether the equation y = a + bx
or y = bx isused.Itisworth mentioning that at these two ranges, better
accuracy was obtained at lower limit of measurement of 0.4ppm Fe(II) ion
which was in the presence of interfering ions rather than that for the pure
ion . This is quite useful as far as the sensitivity of the method is concerned
and when measurements are taken at such a low level . It is well known that
,» at low concentrations any method loses its accuracy because of
interferences . But here, apparently, there is some compensation effect ,
meaning that, the large negative error encountered in the measurement of
the pure ion was compensated for by a large positive error caused by
interferences. Such compensation is not rare in analytical chemistry .

The precision of the method was tested at two concentration levels by
measuring absobances of eleven replicates at 0.4 ppm and 2 ppm Fe(III) .
The absorbance readings at 0.4 ppm were 0.110 ,0.112,0.113,0.115,
0.109, 0.111 , 0.113 , 0.110 , 0.115 , 0.112 and 0.110 , the calculated
coefficient of variation (c.v ) was 1.8 % . At 2 ppm level , the absorbances
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were 0.581 , 0.586 , 0.583 , 0.584 ,0.586, 0.582 ,0.580,0.583,0.585 ,
0.581 and 0.583 gving the (c.v ) 0of 0.34 % .

The sensitivity of the method calculated from Beer's Law showed that
average € = 1.5 x 10* L.mol” . cm’ indicating a high sensitivity of the
method so that 0.4 ppm Fe(III) is quite easy to determine .
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Caption of the Figures

Fig - 1 :-
The Absorption Spectra for the Complex [ Fe(IIl) - R ] Against the Blank (i)
and the Blank Against D . Water ( ii )

Fig - 2 :-

The Effect of pH Optimization .
(1) 0.4 ppm of Fe(IlI) .

(1ii) 2 ppm of Fe(III) .

Fig - 3 .-
Stability Studies of the Complex and the Reagent with Time .

Fig - 4 .-

Stoichiometry of the Complex Fe(III)-R.
(a) Mole Ratio Method .
(b ) Continyous Variation Method .

Fig - 5:-
The Proposed Structure of the Complex Fe(Ill) -TMPDA

Fig - 6 :-

The Application of Beer's Law .

(1) Drawn in the Usual Way .

(11 ) Drawn by the method of Least Square .
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