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Owing to the presence of iron in environmental and biological materials, and the lack of sufficient of the 
role of the two oxidation states of this element, the determination of both Fe2+ and Fe3+ is of great importance. 
2-(5-Bromo-2-Pyridylazo)-5-Diethrlaminophenol (5-Br-PADAP) was as The pH for complex 
formation with both Fe2+ and Fe + was pH 7.0, and the suitable buffcr was 1 M ammonium acetate Both 
complexes were formed immediately and were stable for at least 24 hours. The ordinary, first- and second-derivativc 
spectra of 5-Br-PADAP complexes ofFe2+ and Fe3+ were recorded for these either alone or in binary mixtures. 

spectra were selected for evaluation, because working wavelength was more precise and spectral 
overlap was less than in other spectra. Two wavelengths at which of of had a substantial 
value as opposed to the zero value ofthe other were 611 nm for Fe2+, 577 for Fe3+. Thus curves drawn 
with 2D values as a of at these were used to Fe2+ Fe3+ 

The relative for the ofFe2+( 1.12 mgil) was 1.03%, for its admixture with Fe3-

(5.6 mgil) was 4.36%. Thc relative standard for analysis of Fe3+(1.l 2 mgil) individually for its admixture 
with Fe2+ (6.72 mgil) were 3.93% 1.52%, respectively. The linear range in 2D evaluation was bctween I.4x I o-6 -

M for both Fe2t Fe3+. 
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is the fourth most element in the earth's crust 
in all types of rock soil as both 

Fe2+ and Fe3+. alsa plays a central role in the biosphere, 
as the active of for 0 2 and 

transfer of metalloenzymes such as oxidases, 
reductases, dehydrases. 1 Also, a great deal of has 

paid to biogeochemistry of in seawater, it is 
known that the of dioxide by primary 
ofphytoplankton in oceans may possibly lower the 
of dioxidc in air. The hypothesis that Fe limits 

in the and Fe2+ is probably the preferred 
for with the property of Fe3+ 

an effcctive catalyst for the of SO2 to SO/ 
in clouds (associated with acid stimulate the research. 
Also, Fe2+ is required for proper transport storage of oxygen 
in higher by and while 
the oxidized forms, methaemoglobin and which 
contain Fe3+, will not oxygen. As a resul!, 

methods in 
biological samples have developed with high scnsitivities. 

The of the oxidation state of iron in a 
variety of samples is generally achieved by with 
specific followed by spectrophotometric 
measurement. 1, 7 

( 4,7-diphenyl-l, ferrozine (3-(2-pyridyl)-
2,4,6-

(TPTZ) 10 are the common 
chelating agents for Fe2'. Also, 3-(2-pyridyl)-5,6-diphenyl-
1,2,4-triazine (POT) is utilized for of in 
natura] waters. 11 After the determination of Fe2•, Fc3+ is reduced 
to Fe2+ using proper reducing agent such as ascorbic acid or 
hydroxylamine hydrochloride and the total iron is 
Tiron ( 4,5-dihydroxy-1,3-benzene disul acid) 12 and 
1-(2-pyridylazo)-2-naphthol (PAN) 13 arc the chelating reagents 
for Fe3+. in that casc, it is necessary to oxidize Fe2+. So, 
methods above are sequentially rather 
simultaneous. Pehkonen et al. have developed a simultaneous 

spectrophotomctric method of determinati on of both valencies of 
using bis-2-pyridyl (DPKBH). 14 

The chelating agents were utilized for chelating 
resins. Recently with combination of on-line chelating resin 

and spectrophotometric, 15-17 

or chemilumincscence19·20 detection, a number of analytical 
mcthods for iron with high sensitivities have becn dcveloped. 
Hyphenated techniques such as liquid chromatography 
coupled with sophisticated detection systems such as inductively 
coupled plasma atomic emission or mass 
require expensive and wcll-trained operators. The 

of Fe2+ Fe3+ as their 
4, 10-phenanthroline chelates is also possible by 
ion-paired RP-HPLC. 21 A few capillary electrophoresis methods 
for spcciation have also been developed. 24·25 in addition, 
flow injection analysis (FIA) for cspccially 

of valencies of iron has gained much 
in recent years because of its simplicity, high reproducibility and 
the possibility of coupling different detection systcms, operatcd 
in parallel or sequcntially. 26-28 methods havc 
also 3° Kinetic-catalytic methods extensively 
studied have and accuracy. But, the 

of reaction variables in kinetic methods is 
commonly rather complicated, so a large number of 

runs are required to optimize the experimental 
analytical conditions. Moreover, kinetic methods generally 

the total rather than differentiating its 
31 '32 

2-( 5-bromo-2-pyridylazo ( 5-Br-
PADAP) forms highly colored and stable complexes with a 
numbcr of metals. For this reason, Br-PADAP was used as both 
a rea~ent33· 34 for metal a 
post-column · 5• 36 for the determination of Fe2• Fe1• 

along with many metal ions aftcr exchange 
chromatographic separation. 

Derivativc spectrophotometry in the UV-Vis is 
a useful tcchnique in cxtracting qualitative and 
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information from overlapping bands of the analyte and 
interferents due to incompletely resolved peaks.37-39 A number of 
studies were reported showing the advantage of higher 
selectivity of deri vative spectrophotometry than normal 
(zero-order) spectrophotometry. 33• 34· 40 · 41 

Both Fe2+ and Fe3+ forrns colored complexes with 
5-Br-PADAP and ordinary spectra of these complexes overlaps 
greatly. So, it was aimed to develop a simple, rapid, highly 
selective and sensitive simultaneous (not sequential) 
deterrnination method of Fe2+ and Fe3+ by making use of second 
derivative spectra of complexes which was not reported earlier. 

Experimental 

Instruments and reagents 
Ordinary and derivative spectra were recorded with a 

Varian Cary IE spectrophotometer utilizing quartz cells. pH 
measurements were made with a Metrohm E-512 pH-meter 
equipped with a glass electrode. 

Ali chemicals (E. Merek) were of analytical 
grade and were used without further purification. A 5.0x!O- M 
solution of 5-Br-PADAP was prepared in methanol. Fe2+ 

(1.0xl0·2 M) and Fe3+ (I.0x!0-2 M) solutions were prepared from 
(NH4)2Fe(SO4)2,6H2O and NH4Fe(SO4)2.12 respectively 
in O. 1 M HCI solution and were diluted as required. A I M 

solution was used as buffer solution of pH 7.0. 
The interferent solutions were prepared from CrCl3.6H2O, 
AIC'3.6H2O, MgC12.6H2O, CaCl2.2H2O, BaCl2, K2Cr2O1, ZnCl2, 
Na2HPO4, NaCI, KCI, N~F. NaHCO3, (NH4 

For single Fe2+ determination, 1 m1 of sample solution 
containing preferably I.0xl0·5-2.4x!0-4 mmol (0.56-13.4 µg) 
Fe2+ was taken; 5 mi of M 5-Br-PADAP solution 
(10-fold ofmaximum amount ofFe2+) followed by I mi of I M 
CH3COONH4 solution were added to yield a final volume of 
7ml. 

For single Fe3+ detennination, 1 mi of sample solution 
containing preferably I.0x!0·5-2.4xl0·4 mmol (0.56-13.4 µg) 
Fe3+ was taken; 5 mi of M 5-Br-PADAP solution 
(10-fold ofmaximum amount ofFe3+) followed by I mi of I M 
CH3COONH4 solution were added to yield a final volume of 
7ml. 

For simultaneous deterrnination of Fe2+ and Fe3+, 1 mi of 
sample solution containing preperably 2.4x10·4 mmol 
total metal (as Fe2+ plus Fe3+) was laken; 5 mi M 
5-Br-PADAP followed by 1 mi 1 M CH3COONH4 solution were 
added to yield a 7 m1 ofmixture solution. 

The second derivative absorbance values (2D) ofthe above 
mixtures at 577 nm and 61 1 nm were measured against a reagent 
blank after 10 min of mixture preparation. The concentrations 
(C) of Fe2+and Fe3+ were estimated from the linear calibration 
curves of 2D versus C drawn with standard solutions ofa suitable 
concentration range. 

lnte,ference analysis 

The standard procedure for the determination of Fe2+ and 
Fe3+ was followed with the exception that 0.5 mi of the 
interferent solution was added along with 0.5 mi iron solution. 

Ana~ysis of water samples 
The proposed method was applied to tap water and coastal 

seawater samples. After the through a 0.45 µm 
membrane the method of standard addi ti ons was applied to 
both water samples. 
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Results and discussion 

Absorption spectra 
The ordinary and second derivative spectra of Fe2+_ 

and Fe3'-5-Br-PADAP complexes were recorded for individual 
ions and for mixtures covering the Fe2+:Fe·'+ molar ratio range 
between 1 :20 - 20:1. The ordinary and second dcrivative spectra 
for Fe2+ and Fe3+ are presented in Figs. 1 and 2, respectively. 
The spectra in Figs. 1 and 2 show that both metal-5-Br-PADAP 
complexes exhibit ordinary (A) and second-derivativc 
absorbance (2D) at the extremum wavelengths of the othcr iron 
complex. Sccond derivative spectra wcre selected for evaluation, 
because working wavelength determination was more precise 
and spectral overlap was less than in ordinary spectra. Two 
wavelengths at which 2D-absorbance of one valency of iron had 
a substantial va! ue as opposed to the zero va! ue of the ot her were 
611 nm for Fe2+, and 577 nm for Fe3+. 

0,0.-----,-----,----.----.-----, 

., 

500 600 700 800 900 
WaYelength (nm) 

Fig. I Ordinary spectra of Fe2' and Fe3• complexes with 
5-Br-PADAP. = l.0xl0-5 M, 6.6xl0-6 M, 

= 3.57xlo·4 M 

i ., 

500 600 700 800 

Wavelength 

Fig. 2 Second derivative spectra of Fe2' and Fe3' complexes 
with 5-Br-PADAP. = I.0x 10·5 M, 6.6x 10-0 
M, = 3.57x 10·4 M; 

Selection of optimal parameters far anulysis 
The 2D values obtained with 3.9 µg Fe2• and 2.6 µg Fe3' 

were high for 15 nm of llA. 
The pH of Fe2'- and Fe3+-5-Br-PADAP mixtures were 

varied between 3.0-11.0 by the use of I.0x I o--' M HCI or 
M NaOH solutions. Since maximum absorbance was 

obtained at about pH 7.0, this value was selected as the working 
pH. 1 M CH3COONH4 solution was uscd as the buffer solution at 
this pH. 
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The colored complexes of Fe2• and Fe3• with 5-Br-PADAP 
were formed immediately after mixing the solutions, and the 
colors formed were stable for at least 24h. For this reason, 
absorbances were measured 1 O min after preparing the 
complexes. 

5-Br-PADAP/Fe2• or Fe3• mole ratios were varied between 
1-100 at pH 7.0. Above a ratio of 5, absorbances did not change 
appreciably. So, a ligand/metal ratio > 1 O was selected for further 
evaluations. 

The linear plot (calibration curve) 
The individual calibration curves drawn at the working 

wavelengths of 577 nm and 6 I I nm for Fe3' and Fe2', 
respectively, had the following linear equations with the 
corresponding correlation coefficients (r). 

For Fe2•, 

+ 0.001 (r=0.9999) Eq.(I) 

For Fe3•, 
2D577 = -9.93 x 103 + 0.015 ( r = 0.9992) Eq. (2) 

Table I Interference analysis for Fe2• 

Interferent ion Mole ratio Error (%) 

Fe3• 20 o 
Na• 1000 o 
K+ 1000 o 
Ba2• 100 1.1 
ea2· 100 -3.3 
M 100 3.3 
Znt 2 1.1 
Al3+ 100 1.4 

2 2.9 
er6• 100 -1.4 
HPO42• 1 -4.2 

5 1.7 
er 1000 o 
F 1000 -0.7 
so/ 1000 o 
NO3. 10 o 

Reproducibility and linear range 

Table 3 Recovery of iron added to seawater sample 
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The relative standard deviation for the analysis of Fe2• 
(1.12 mg/1) individually was 1.03%, and for its admixture with 
Fe3+ (5.6 mg/1) was 4.36%. The relative standard dcviations for 
analysis of Fc3• (1. 12 mg/1) individually and for its admixture 
with Fc2+ (6.72 mg/1) were 3.93% and 1.52%, respectively. 
The linear ranges in 2D were betwcen 

for both Fe2+ and Fc1+. 

The possiblc of a number of cations and 
anions on the determination of 2.8 µg Fe2+ and Fe3+ are depicted 
in Tables I and 2, respectively. Alkali and alkaline earths 
some transition metal cations and common anions did not 
interfere with the proposcd method. But, Fe3- determination was 
impossible in the presence of Zn2•. 

Table 2 Interference analysis for Fe1• 

Interferent i on Mole ratio Error (%) 

Fe2• 20 o 
Na• 1000 o 
K+ 1000 o 
Ba2• 100 -1.8 
Ca2• 100 2.6 

100 2.6 
100 3.4 

er3+ 2 1.4 
er6+ 100 -2.5 
HPO/ 1 -3.6 

5 -1.1 
er 1000 o 
F 1000 -0.7 
sol 1000 o 
Nü; 10 o 

Analysis of water samples 
The results obtained by applying standard addition 

recovery tesis to a coastal seawater sample are presented in Table 3. 
The recoveries for spiked samples were in the range of97-99% and 
99-100% for Fe2• and Fe3', respectively. 

The results obtained by the same manner with a tap water 
sample are also presented in Table 4. The recoveries for spiked 
samples were in the range of 95-100% and 96-98% for Fe2+ and 
F e3', respectively. 

Added (µg) Found (µg) Recovery (%) 
(within 95% interval) 

Samples Fe2+ Fe3+ Fe2• Fe3• Fe2• Fe3+ 

Seawater 
1 1.12 4.50 1.09± 0.038 4.52± 0.051 97 100 
2 2.24 6.70 2.21+. 0.041 6.61± 0.057 99 99 
3 3.33 9.00 3.29+ 0.043 8.92± 0.059 99 99 
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Table 4 Recovery of iron added to tap water sample 

Added(µg) Found (µg) Recovery (%) 
(within 95% confidence interval) 

Samples Fe2+ Fe3+ Fe2• Fe3+ Fe2• 

Tap water 0.39 +:0.045 
1 0.56 4.50 0.92 ± 0.035 4.42± 0.047 95 98 

2 1.12 2.24 1.47± 0.039 2. 18± 0.051 96 97 

3 2.24 1.12 2.63± 0.041 1.07± 0.049 100 96 

4 4.50 0.56 4.91± 0.038 0.54± 0.045 100 96 

While the sequential methods constituting most of the 17. H. Bagheri, A. Gholami and A. Ana/. Chim. 
2000, 424, 233. Fe2+/Fe3+ detennination methods require oxidation or reduction 

steps after the detennination of one valency of iron, the proposed 18. 
method capable of simultaneous determination of both valencies 

S. Krekler, W. Frenzel and G. Schulze, Ana/. Chim. Acta, 
1994, 296, 115. 

of iron does not require any further processes. So, the proposed 19. 
method for the simultaneous determination of Fe2+ and Fe3+ with 
5-Br-PADAP is simple, rapid, highly sensitive, selective and 20. 
reproducible. 

C. I. Measures, J. Yuan and J. A. Resing, Chem., 1995, 
50, 2573. 
S. Hirata, H. Yoshihara and M. Aihara, Talanla, 1999, 49, 
1059. 
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