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A New Spectrophotometric Method for
Determination of Iron in Herbs, Spices and Beans
with 2,6-Diacetylprydine Dioxime and 2-Acetylpyridine M onoxime

Z.R. Komy, E.A. Abu-Gharib and A. Desoky
Department of Chemistry, Faculty of Science, SMaley University, Shag Egypt

Abstract: The reaction of iron (II) with 2, 6-diacetylprydindioxime (Hdapd) and 2-acetylprydine
monoxime (Hapm) in 10% and 60% v/v ethanol-watdutsan at pH 2.5 and 7.5, respectively, were
studied using direct and first derivative spectapimetry. Fe (lll) is reduced by.Hapd and gives
iron (II) complex. A simple, rapid, selective anehsitive method for the determination of Fe (Il F
(1) and a mixture of them with the Hapd reagent in acid water-ethanol medium afterstifation
attained to stand periods of 30 sec, 4 hr and #ekpectively, are proposed. Hapm also reacts kéth
(1) to form [Fe(Hapmy** complex with less selectivity and sensitivity thahdapm reagent.
Calibration graph with [Fe(ilapd}]?* is linear over the range 0.28) mL™ with an apparent molar
absorptivity of 8.48%10° L mol™cmi* atA, 428 nm. Linear dynamic ranges are 0.01-11.0 a@d-0.
11.0pg mL ™ iron (I1) as [Fe(Hdapd}]** complex for direct and derivative modes, respetyivThe
analytical sensitivity is 4.44.0° pg mL™ for direct and 9.1%10° pg mL™? for derivative
spectrophotometry with [Fegdapd}]®* complex. First derivative method enhances theiteins of

the Fe(Hdapd}]** more than direct one with two folds for’NiCd**, C/** and C#*. A linear equation
was derived from iron (Il) determining as Fe,@pd}]*" in the presence of synthetic solution
containing Nf*, C&*, CU* and CF*. The use of btlapd reagent for the determination of total iron
spectrophotometerically in foodstuffs, herbs, spi¢ecks) after wet ashing (wet digestion) in the
absence of reducing agent is compared with thataimg AAS.

Key words. Iron, spectrophotometry, iron(ii)-2, 6-diacetylpitye dioxime complex, spices, herbs,
beans, rocks

INTRODUCTION Much attention was given for measuring iron (Il)
with organic reagents spectrophotometerically in an
Recently, there has been a growing concern aboutcidic medium and first derivative, which not only
the role of iron (ll) in biochemical and environmain  offers convenient solutions to a number of anadytic
systems, regarding man, animals and plants. Irjn (I problems such as avoiding extraction process,
lead to many diseases such as giddiness, diarrga aresolution of component systems and matrix
cardiac collapse-conditions found amongst peomle, tbackground, but also enhances the selectivity and
damage of the gastrointestinal tract and feThese Sensitivity of the method. A few of them used N-m-

diseases can lead to a problem in iron absorptiorima ~ chlorophenyl-p-methoxy-benzohydroxaimic dtidin
turn iron toxicity faintly acidic medium after extraction iron complex

Because of the ever-increasing interest in theWIth trloctylar_mne in_toluene _and 2. [2 (67
determination of different oxidation state of irom m?tﬁ}"be”mth'az‘?'y').azo] -5-_diethylaminobenzoic
acid” after reduction iron (l1l) samples with ascorbic

outdoor sarnples, there |s§need for Fhe developafen acid in acetate buffer (pH=5. 8). Whereas, 5-[(3.5-
more sensitive and selective analytical methodse Thdibromo-z-pyridylazo)] -2.4-[diamino-toluene [3, --5
common availability and low cost of instrumentation DBPADAT]®! or 2 2'-bipyr,idyl reagents were uséd in
the simplicity of procedures, the accuracy andacetate buffer a’t pH = 47 or 5 Finally

selectivity of the technique make spectrophotometri g ifosalicylic acif! in the presence of hexamine/HCI

method advantage for the determination of ironwFlo ffer solution (pH=5. 8) was used.

Injection Analysis (FIA), intensively a developeueo 5,5-dimethyl-1,2,3-cyclohexanetrione 1,2-dioxime-

the past 20 years, offers several valuable advastily  3-thiosemicarbazone (DCDT) legend has been

speciation of irol, where individual signals were proposed as a spectrophotometric reagent for

obtained for Fe (ll) and Fe (lll). However, the determining iron (Il) in wines, food, minerals,

determination of iron with the FIA is expensive andcommercial acids and fruit juicés”. DCDT reacts in a

with complicated experimental conditions that makes strong acidic medium with Fe (II) and Fe (lll) @rin a

not an alternative for routine analysis. violet iron (llI)-complex. The optimum acidity range
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HCI medium, complex formation is ranged from 0.1 toFTIR-8101 Spectrophotometer, Perkin-Elmer 240C
7.5 mol L. Elemental Analyzer and an Orion pH electrode fitted

The iron reaction with DCDT is unusual due to thewith a combined glass electrode were used. Milkpor
high acidity of the medium. In addition, result®aled  water purification system was used.
that molar absorptivity, Beer's low and detectiamit
were 8.%10° L mol™* cni?, 0.7-5.0ug mL™ and 0.05 Preparation of H,dapd and Hapm Reagents: The
ng mL™ respectively. Results also showed thaf*Co H.dapd or Hapm reagents were prepared from 2,6-
Ni?*, CP* and Cd@" foreign ions in synthetic iron (ll) diacetylpyridine or 2-diacetylpyridingia the modified
solutions could be tolerated to 1.0, 5.0, 25.0 &8ad  procedur€®. Briefly, into a 250 mL flask 4.1 g of 2,6-
folds, respectively. Whereas after extracting ifoto  diacetylpyridine or 20 mmol of 2-diacetylpyridinesve
amyl alcohol the tolerance limit of €oand CF* were  mixed with 4.6 or 25 g of hydroxylamine
5.0<10° and 1.5%102 ug mL™?, respectively. hydrochloride and 4.8 or 2.4 g of barium carbonate,

Considering the relative stabilites and specificrespectively, in 100 mL ethanol. The warmed mixture
character of the axioms (=N-OH) complex of iron),(Il Was stirred on a heating-stirrer and then reflufceds
2,6-diacetylprydine  dioxin  (klapd) and 2- hr. After filtration, the filtrate was left to stdn
acetylpyridine monoxide (Hapm) had much attentionovernight. The kblapd and Hapm oxime compound
for the spectrophotometric kinetic studi&s?.  was re-crystallized from ethanol and dried.

Previous studies indicated that oximate anions were ) )

characterized with strong-nucleophilie8®. Finally, =~ Chemicals and Reagents: All entire reagents and
H.dapd possesses structural features in common witholvents used were from BDH chemical grade except
DCDT organic reagents. Based on the preliminaryvhere indicated. 2,6-diacetylpyridine and 2-diatety
studies, Hdapd and Hapm oxen are chosen adyridine were ob.tamed from Aldrich. HCI a_nd HRIO
analytical reagents for iron (I1) determination. were ultrapur acids (Merck). A stock solution oD 1.

Recently, spices and herbs have gained afl0” M Hqdapd and Hapm reagents were prepared by
important role in agronomy production and pharmac)ﬂ'SSOW'”g reagent in ethanol. Stock solutions
because of their increased needs as a raw material containing 1.810° M iron(ll) and iron(lll) (Merck)
flavorings beverage, food metabolites and medicinawere prepared by dissolving an accurately weighed
components. Aicia faba bean is considered to be one @mounts of ferrous and ferric ammonium sulphate in
the most popu|ar food in Egypt Genera"y, d”‘ectOOS M H2804 and standardized tltrlmetrlca”y with a
determination of iron in herb, spice and bean semjgl  standard KCr,O; solution (daily) and gravimetrically
difficult due to high amounts of protein, aminods;i by weighing as §Os, respectively. Working solutions
alkaloids, cellulose, starch, volatile and fixed and Were prepared by appropriate dilution with ultragur
pigments in the extraélg' which caused a serious water. Air must be removed from all solutions by
interference. Therefore, the iron determinationais Purging with free oxygen-nitrogen prior to the
requisite routine plant control analysis. Procedure €xperiments and all additions of reagents must be
usually used wet ashing in the preparation of thecarried out. All glassware was cleaned as the joharee
solutions for analysil. Most organic matter in the described elsewhété.
extracts was destroyed by this process.

In this work, the analytical properties ofd#pd or Calibration Plot: Under the optimum conditions, a
Hapm with iron (II) in acid or faintly alkaline madn linear calibration graph was obtained up to 11.6 an
are examined Spectro photo metrically. Comparisorl6.0 ug mL™ of iron () with Hdapd and Hapm
between direct and first derivative spectral methbds reagents, respectively. A plot showed that the
been established. The ability to measure trace atsou optimum range was 0.28 to 11.0 (0.56 to 16.0)
of Fe (ll) and a mixture of Fe (I) and Fe (ll)itw ~ mL™ iron (ll) with H,dapd (Hapm) reagents using
H,dapd is also exploited with the aim oftddpd that direct and derivative modes. The concentration of
could reduce the Fe (lll) to Fe (I). This work is iron was calculated by the regression equations
considered as an attempt to develop a new, rapd ar(Table 1).
sensitive method to determine two different oxioliati
states of iron individually and in a binary mixture Recommended Procedures for Direct and First

H,dapd organic reagent is applied for the deternonati Derivative Spectrophotometry for the
of total iron as Fe (ll) -complex in foodstuffs,rhe, = Determination of Iron (I1)
spices and rocks. Procedure (1): A portion of ethanol solution
containing 193.0ug H.dapd, 28.0ug fresh iron(ll)
MATERIALSAND METHODS was mixed with 1.0 mL of 0.1 M HCI (to adjust pH

to 2.5), 1.0 mL of 0.1M NaN§ and 6.0 mL
A Jasco V-530E Spectrophotometer with 1.0 cmultrapure water in a 10.0 mL flask. The solutionswa
quartz cells, a Buck Scientific Model 210 VGP Ateami shaken for a few seconds. The final ethanol
Absorption  Spectrophotometer (AAS), Shimadzuconcentration was 10.0% in the medium.
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Table 1: Relationship Between Fe(ll) Concentrat{omol L™) and Maximum Absorbance (in Direct Mode) and \Gati Amplitude (in
Derivative Mode)

Regression equation r Y residual
Direct mode

[Fe(H.dapd)]* *

Age= (8481 £ 1.8210°%) [Fe*'] — (6.2¢10° + 4.7x10%) 0.9998 1.4210°
Aso2= (7871 £ 3.5810°%) [Fe*'] — (4.0x10° + 8.9x10%) 0.9994 2.6810°
[Fe(Hapm)]?***

As24= (6905 + 3.63107%) [F€'] — (4.2x10° £ 1.20<10%) 0.9997 2.4810°
First derivative mode

[Fe(H.dapd)]*"*

Da12= (169.6 + 5.9810°) [F€*'] — (1.8<10° + 1.5¢10°) 0.9979 4.6210°
Dazo= (121.9 + 8.88107) [F€*'] — (5.3x10* + 2.3x107) 0.9994 6.89107
Dag1= (63.90 + 4.18107) [F€"'] — (4.6x10* £ 1.0x107) 0.9989 6.58107
Ds23= (217.6 + 8.48107) [F€"'] — (1.3x10* £ 2.2x107) 0.9998 3.18107
[Fe(Hapm)]****

Dago= (76.00 + 5.88107) [F€""] — (7.0x10* £ 1.9107) 0.9996 9.18107
Dsss= (134.8 + 2.3810°) [F€*'] — (9.0x10* £ 4.3x107) 0.9997 3.9810”

A=Absorbance; D= dA/d=Vertical Amplitude from Zeroth Line; r =CorrelatiaCoefficient; *n =10 Measurements; ** n = 10 me&snents

Table 2: Analytical Characteristics of Direct anicsEDerivative Modes
Limit of detection (LOD)

Sensitivity Dyn. Range
S(b) s S Ye % Y Cu(k=3) Cy(k=6) ug mL*
Direct Mode

[Fe(Hdapd)]* *

Ma2s0.151 6.7%10* 4.44x10° 2.1%10° 1.4810* 2.20x10? 4.9%10° 0.010.01-11
[Fe(Hapmy]****

As240.123 1.4810° 1.16x10° 3.2%10? 2.5%10° 3.5%102 1.95¢102 0.04 0.04-16
Derivative Mode

[Fe(H.dapd)]* *

(da/d\)s230.004 3.7%107 9.15¢10° 3.80x10* 4.4710° 5.14x10* 3.40<10? 0.07 0.07-11
[Fe(Hapm)]?***

(da/d\)ss5 0.002 5.58107 2.29%x10* 4.60<10* 5.4%10° 6.24x10* 6.80x102 0.14 0.14-16

Am = Maximum Wavelength; S = Sensitivity=Slope of iB&dtion Curve; s= Standard Deviation of Sensitivityy § Analytical Sensitivity; y =
Blank Signal; (Average of Five Measurements)=sStandard Deviation of Blank; y= Lowest Detectable Instrument Signal; € Limit of
Detection; G = Limit of Quantification; dyn= Dynamic Range; ri$10 measurements); {h=8 measurements)

Procedure (I1): A portion of ethanol solution after standing 4 hr. The concentration of iron was
containing 408.0ug Hapm, 56.0ug of iron (Il) was calculated at\,, 428 nm using regression equations
mixed with 4.0 mL ethanol, 1.0 mL 0.1M NaN@nd (Table 1).

2.0 mL ultrapure water into 10 mL beaker, stir the
solution and the pH was adjusted to 7.5 with NaOH

) X o
;Z%iuf:gal ethanol concentration was 60% in theand Rock Samples The recommended procedure (1)

Transfer both solutions to a 10.0 ml flask and"/&S applied_ to dete_rmine iron in four herb_s_anatespi
make up to the mark with ultrapure water. In(kakade, anise, cumin and black pepper), éin faba
procedures (I) and (Il), the absorption (A) and bean (testa, cptyledons and testg+ cpty!edons)sand
amplitude signals (dAX) against a reagent blank rock samples. Four herbs and spice or six rock Esmp
were recorded. Then the concentration of ferrous io Were purchased from a supermarket in Sohag area are
as Fe (Il) - and Fe (ll) -Hapm complexes werecollected from the red sea area, Upper Egypt. To
measured at 428 (523) or 524 (555) NM with directPrepare dry weight of herb, spice and bean, thepksem
(first derivative) mode, (Table 1). washed with water to avoid any contamination on the

surfac&®. After drying, the samples were ground with
Determination the Fe(I1) and Fe(l11) in a Synthetic  titanium blade (food blender) to make the homogeseo
Solution: X mL solutions containing 0.1675-1.117 and sieved to separate particle size fraction (&
pug mL* Fe(lll) and 1.0 mL of 1.810% M (0.5585 Whereas rock samples were ground with ceramic
nug mL™Y) Fe(ll) were placed in a flask and flow the mortar and sieved to separate particle size fractio
nitrogen in the mixture. After duration for 15 sgc, (<150 um). A certain amount of ground sample (herb,
mL of 1.0x10* M H,dapd, 1.0 mL 0.1 M HCI and spice and bean) was heated at’&0for 2 hr in a muffle
1.0 mL of 0.1 M NaNQ@ were added. Dilute the furnace. A 1.0 g of resultant or rock sample wazeuhi
mixture with water to the mark. The absorbance ofwith 10 mL concentrated HCI and HNQ1:1).
total iron as Fe(ll)-kHdapd complex was measured Evaporate tell appearance of white residue, then

849

Determination of Total Iron in Herb, Spice, Bean



American J. Applied i, 2 (4): 847-856, 2005

dissolve in 10 mL water and evaporated again. After 0.6
cooling, 50.0 mL of water was added and the satutio 05

was filtered into a 100 mL flask, brought to volume
Aliquots of 1.0-3.0 or 5.0 ml from an herb, spiceda g 04
bean or rock solutions were used in spectrophotidenet 03
determination of iron by procedure (I). The absadsa

of iron as [Fe(Hdapd)]** complex was measured at 02
428 (523) nm using direct (first derivative) modea 0.1
standing 4 hr. The iron concentration was calcdlate 0.0
using regression equations (Table 1). 0

RESULTSAND DISCUSSION
Effect of pH: The influence of pH on the formation of g |
Fe(Hdapd)]*([Fe(Hapm)}]?") complex in 10% (60%) e
v/v water-ethanol mixture was studied in the pHgean -
from 0.5 to 12.0, Fig. 1 (a, b). Obviously, obsema is '
constant and maximal at pH 2.0-3.0 (7.0-10.0) fer F

(I -Hodapd(Fe (II) -Hapm) complex. So, pH 2.5 or 7.5 @
were selected for the iron (Il) determination with 0
H,dapd or Hapm reagents.

Absorbance

(a)

2 4 6 8 10 12

Absorbance
(=] =
i [=

=
o

=
L

2
.
=3
o0

10
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Effect of Time on H,dapd Reagent: Figure 2 (a) Fig. 1: Effect of pH on the Fe(II)-i_iIapd and Fe(ll)-
shows the influence of varying period times (3@6 ®© Hapm _?ystems: .a)- 2y mL Fe_gll) and 19.3
12 hr) on the stability of 1.0xTOM H,dapd at pH 2.5. zg g"' Hf_qaﬁd' (b)- 5.6ug mL™ Fe(ll) and
Obviously, the absorbance at, 297 nm attained oHgm apm

constant value from 30 sec to 4.0 hr with relagveor
less than 1.8%. On further increasing period timek2
hr, the absorbance decreases slowly with relativer e
range 2.5-11.2%. After three days, the absorbance .|

decreases rapidly with relative error 33%. The same .
result is also found i, 258 nm, suggesting that d
H.dapd reagent is stable within 4.0 hr. For this, fags 15}

advisable to prepare this reagent daily. ;

Oxidation-reduction Character of H.dapd: The

presence of ascorbic acid does not affect the Fe (I L3 osr ] NN

aa-Ligand
abt, d-Ligand+Fe(I)
oc, e- Ligand+Fe(IIT)

(d, &)

(b, c)

H,dapd complex, whereas changes occur in the
presence of bD,. This observation revealed that

H.,dapd reagent behaves as a reducing agent. To asses -0
the ability and power of jdapd as a reducing agent, a
study was carried out with four standard solutiohso 0

solutions contain 2.8 and 58 mL™ Fe (II) with 18.3
pg mLtHodapd; Fig 2 (d, e), While other two solutions 1

contain 2.5 and 5.ag mL™ Fe(lll) with 38.6 pg mr*
H.dapd; Fig 2 (b,d), following the optimum condition Ler
of spectrophotometric procedure (). The ratio lest 11} R

iron: reagent is about 1:10. The absorbance of )Fex(l

Fe(lll) complexes ah,, 428 nm after allowed periods Lor

range 30 sec -12.0 hr were measured. Figure 2 (b,d) ool

shows that the observance of Fe (lll) system irsgga . . . . . . .
gradually with increasing time from 30 sec to 410 h 0 2 4 6 8 10 12
With increasing time from 4 to 6.5 hr, the obsen&an Time (b)

remains constant. At still increasing time, theasbance
decreases slowly. Figure 2(c.e) shows the rapidFig. 2: Stability and radix character: (a) 19.3 iig

formation of the Fe(ll)-complex indicating that Fg( H.dapd; b or c) a + 2.8 or 5.6 ug [Ee (I1) or
complex is formed and it's stable for at least 8uirwith Fe (Il); d and e) 2a + 2.8 or 5.6 pg Ee (Il)
increasing time to 12 hr, absorbance decreskesly. or Fe (lll) using a procedure (1).
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Spectral Characteristics: The iron (I) reacts rapidly
within a minute with Hdapd and Hapm reagents
forming. Stable red and orange complexes at pH 2.5
and 7.5, respectively. Figure 4 shows the diredtfast
derivative spectra of Fe (ll) -dapd (curves a) and
Fe-(I) -Hapm (curves bp) complexes and their
reagent blanks (curve c, ¢, d, d). The absorption bands

in direct mode of Fe(ll)-ktlapd complex showed
doubly absorption maximum at 428 and 502 nm while
Fe(I)Hapm complex showed a singly absorption band
at 524 nm. The spliting band of [Fettapd)]**
complex indirect spectra was explained by a
pronounced reduction in the ligand field causedHsy
greater stress requirements of the two legends
molecules. Two absorption bands were assignedeto th
Fig. 3: Direct spectra obtained from a mixturerohi A1 and °B; states derived from the splitting GE

and Fe(ll) in a solution containing 38.6 ug L spectroscopic term in the tetragonal ligdHd
H,dapd: a) 2.8 ug mt.Fe(lll) and 2.8 ug mL  Maximum amplitude in the first derivative mode ftir

! Fe(ll) at 30 sec; b) a at 0.5 hr; ¢) a at 1.0 hrmono) complex appeared in 412, 439, 481 and 523
d)aat2.0hr;e)aat35hr; f)aat4.0hrag) (480 and 555) NM.

at 6.0 hr; h) 5.6 pg mikFe(ll) at 30 sec.

Absorbance

0.0+ T v T r
370 400 500 600
Wavelength (nm)

Composition of the Complexes. The continuous
Figure 2 (b, c, d, e), also shows that the maximunvariations and molar ratio methods were applied to
absorbance of Fe(ll) or Fe(lll) systems are nearlyascertain the stoichiometric composition of Fe ¢I)
identical at time periods range 4.0-6.0 hr. Thigling  H,dapd or Fe (I) -Hapm complex at pH 2.5 or 7.5. A
suggests that Fe(ll) reacts with thedBipd reagent to 1:2 and 1:3 of the Fe (ll) 4dapd and Fe (Il) -Hapm
form Fe(ll)-Hdapd complex at 30 sec (instantaneously)complexes were indicated, respectively. The ragias
whereas the reaction in Fe(lll) system needs standi in agreement with that found by analysis of solid
time within 4.0-6.5 hr forming Fe(ll)-jdlapd complex. complexes with the CHN elemental analyzer and IR.
To confirm above results two solutions were pregare
one of them contains an iron mixture (2.5 ferrid@®b  Selection of Wavelength: In order to select the best
pg L™ ferrous) while the other contains only ferrous analytical signal for Fe(ll)-ktlapd (Fe(ll)-Hapm)
(5.6 g L™). Under the optimum condition of procedure complex, calibration graphs by direct or derivative
|, the absorbance of iron in iron mixture and Fe(ll modes were plotted at ., 428 and 502 (524) nm or
systems ak ,, 428 nm were measured at seven dif'ferent412, 439, 481 and 523 (480 and 555), respectively.
period time (30 sec-6 hr) and at 30 sec, respéytive | jneqr equations (y= bx+a) of A or D signal agaiRt
The results are illustrated in Fig. 3. Obviousliet ) concentration for both complexes were listed i
absor_bance \_/alue_s in Fe (I1) system increase @lbdu Taphle 1. Molar absorptivity in direct and derivativ
with increasing time of reaction. In addition, the . . Fe(Il)-kdapd (Fe(Il)-Hapm) complexes were

absorbance value of Fe (lll) system will be fixedime 1. -1
ranges from 4 to 6 hr. Results also show that thez13'481x103 (6.905x10) L mor* cni™ at 428 and 524 nm

. : ) : and 217.6 (134) L mol cmi* at 523 (555) nm,
recovery of ferric reduction to ferrous ion withddpd ivel ting thatddod ligand is the best
are 73.6, 85.6, 91.6, 96.2, 99.1, 99.5 and 99.7 @pa 'cSPectively, suggesting thatdapd ligand Is the bes

Sec, 0.5, 1.0, 2.0, 3.5, 4.0 and 6.0 hr, respdgfive ONe for determining iron(ll). Millét” has indicated that
assuming the standard value of absorbance foruferro I the T closes 1 or -1, the gentle calibrationpjras

at 30 Sec. On the other hand, observance of irdhen obtained. Table 1 shows a slight deviation fromalde
ferrous system (curve h) at 30 Sec is analogous witlinear. This deviation is attributed to random
and g). These observations reveal thaapd reagent best wavelength or pulse amplitude. Accordinglgnd
reduced ferric ion completely to ferrous withinipedrat Y-y residuals are introduced. j'-represents the
least 4 hr without shift i\ ,, (428 nm). Also, ferrous difference between the experimental y values abetfi
ion in a binary mixture of ferric and ferrous ioosuld § values. By comparingy-residual in direct and
not be measured at 30 Sec, i.e. The reaction iderivative modes for both irons-complexes, results
instantaneous, resulting incomplete reduction se®cé  show that low value irj-residual appeared at, 428
ferric system. and D at 523 nm for [Fe@dapd}]** complex.

851



American J. Applied i, 2 (4): 847-856, 2005

(c) (a)
0.8} 0.8L (d) (b)
bt
c 0.6r 0.6F
8
g
B 0.4f 04L
<
0.2r 021
0 0
200 300 400 500 600 650 200 300 400 500 600 650
0.021 (a,) 0.02 {a—) _
(b)
) ©
% 0 01
o
-0.02 -0.02-
20.03 -0.03
200 300 400 500 600 650 200 300 400 500 600 650
Wavelength (nm) Wavelength (nm)

Fig. 4: Direct (a, b, ¢, d) and first derivative,(h’, ¢, d*) spectra of [Fe ¢Hapd).]**, [Fe (Hapm)]?*, H.dapd
and Hapm. Conditions: (a,a’) 6.7ig mL™ Fe(l1)+46.32ug mL™ H.dapd; (b,f) 5.6 ug mL™ Fe(ll)+40.8
ug mL™ Hapm, (c,8 46.32ug mL™ H.dapd; (d,d 40.8pug mL™* Hapm

This is confirmed graphically, on plotting individluy- ~ The accuracy and precision of | and Il proceduresew
y-residualsvs. y signals (Fig. 5). Clearly, Fig. 5 (8)  checked by analyzing two sets of 2.8 and j&g6mL™
shows that the residuals should thus take if theron (I1). Under the optimum conditions of a proceel
unwei_ghted regression line i_s a good model for thgq ang |i, ferrous ion as [Fe @dapd),]** ([Fe (Hapm)
expgrlmenta}l spectra. There is a clear sequen@beof ]2 was measured at, 428 and 523 NM is using
positive residual, followed b,y_ sequence negativeson oot and D at 524 and 555 using first derivative,
followed by a se.cond _pos.mve sequence. The thre(reespectively. The mean value and standard devi&tion
numbers of runs give a significant data. While Bidb,

b) shows that, the regression line is inappropriate‘.”l proce_dure | or 1l were 2.85 (0.018 or 5.55 (_(2'021
Because the sign (+) or (-) of the residual isandom. using d|rept a_nd 2'8; (0_'021 or 5.72 _(O'QJ@ mL
Therefore, results indicate that,ddpd reagent is [MON (I1) using first derlyatlve, while relative rers were
considered the best reagent for iron(ll) deterniimeat ~ 0-71 and 0.35 % for direct and 5.0 and 2.8% forfitise
428 and 523 nm with direct and first derivative, derivative, respectively. Thus, Fe ftapd) ;]
respectively, while iron(ll) measurement with Hapm complex has the advantages of reasonable selgctivit
reagent at 524 (555) nm with direct (first derivajiis  good precision and low detection limit than Fe (hip
inappropriate. a]** complex.

Sensitivity, Detection Limits, Dynamic Range,

Accuracy and Precision: Analytical sensitivity (§)?%, N by .
detectior)wl limit (y) and dynar):ic ran§8 of ?/r(gn)(ll) on the determination of 2.8 or 54§ mL ™ iron (I1) with

determination as [Fe @dapd),]2* and [Fe (Hapmy]® H.dapd or Hapm reagent were examined individually
are summarized in Table 2. It is found that, dirmett Py measuring the absorbance and vertical distance

first order methods with jdapd reagent were sensitive under the recommended procedures | and Il. Metel io
with low detection limits than that obtained witaptn  were added as Nar K" while the anions was added as

suggesting, iron(ll) can be successfully measuréd w NOs ions. The tolerance limit was taken as the amount
procedure I. that caused 2.5% error. The results are given ileTa
852
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Fig. 5: Relation between individugdresidual of calibration and y signal for directjeand first derivative (a’,b’):
(a) [Fe(Hdapd}]?* at 428 nm, (& [Fe(H.dapd}]** at 523 nm, (b) [Fe(Hapn]f* at 524 nm and (b))
[Fe(Hapm)]** at 555 nm

Tolerance limit of iron (1) as Fe @dapd)]®* in To drive a linear regression equation for iroi &k
presence of i, C?'3+, _Ni2+ and CG", with direct and  [Fe (Hdapd) ;> complex in the presence of four
derivative modes is higher than that obtained Wi serious interfering ions, a series of a synthetiation
(Hapm}]™* complex. Derivative spectra improved the containing a varied concentration range 1.2-7,8¢
;(l)olgtr:?rr;lce limit of iron (II) fold twice than the réct ., -1 Fo (I and fixed concentration of,ldapd (70ug
. -1 : — +

Figure 6 shows the influence of 0.152 (0.044) mg(r)n Iisz_) rneqagrirgi |(r:1 r3t+h znzr(e)sgf;:emof r?ﬂ_ll ?\Izlzin gnjgﬂé,g,
mL! C&#*, 0.155 (0.052) mg mit Cr**, 0.017 (0.007) - 9 - g m '
mg mL NiZ*and 0.017 (0.009) mg mt.Co?*, an iron - were prepargd. The op'umu-m con_dmon of the procgdu
(Il) as [Fe (Hdapd),]** ([Fe (Hapm)y?"). Obviously, I_was applymg_. The ver_tlcal distance of amplitude
the amplitude signal in the first derivative (D) iobn  Signal to zero line (P against blank was recorded at
(1) as [Fe (Hdapd),]?* complex was not affected with derivative amplitude (D) 523 nm. A linear caliboati
no significant difference in the presence of C€r**,  graphs passing through the origin is obtained by
Ni?* and CG" ions (Fig. 64), while indirect mode, the plotting DA/d (at 523 NM versus iron (II)
observance of iron (Il) -complex affected seriouslth ~ concentration. The regression equation in derieativ
them ions (Fig. 6a), suggesting thatCCr*, Ni**and  mode (95% confidence interval, n=8) is:
Co®, interfering ions are completely masked with
derivative mode. In contrast, direct and derivative _ N 4 6
spectra of iron (I1) as [Fe (Hapgi® could not prevent Doz#=(3.92x10°¢1 18x10)[Fe]-(3.60x10°41.66x10)
the deviation in A and D, respectively, as shown in o ) ) o
(Fig. 6 b,b). Thus, the first derivative mode is used Determination of Iron in a Mixture Containing Fe
successfully for the determination of iron (1) withe ~ (I1) and Fe (I11) Synthetic Solution: Table 4 shows
H2dapd reagent in presence?CuCr’* Ni?*and Cé&*, the concentration of iron mixture in synthetic simn
ions. Although Hdapd reagent improved tolerance containing 0.5585 mg mLFe (lI), varied concentration
limits two folds with first derivative spectra, wais of of Fe (lll) ranges 0.1675-1.1170 pg fLin the
Ni?* and CG&" ions are still low (Table 3). This is presence of 1.0 ml 0.1 M HCl and 1.0 ml 0.1 M
possibly attributed to the formation of Nidimmer NaNO;.

complexes [Ni (Hdapd}]**and [Ni (dapd)** and quite The absorbance of iron mixture was recorded under
oxidation of C&* to CJ" in presence of plapd the optimum condition of procedure I (0.1M Nap@H
ligand®**?. = 2.5 and 10% ethanol) after standing 4 Hx,a428 nm.

853



American J. Applied i, 2 (4): 847-856, 2005

0671 (3 0.6

04

Absorbance

0.2

350 400 500 600 640
0.011; 0.01
0.01f 0.0
/
(a)
2
3
Z 0
3
()
4
"'\
001 REX . . 0 ' '
011 ) _ _
375 400 500 600 640 375400 500 600 640

Wavelength (nm) Wavelength (nm)

Fig. 6: Direct (a, b) and first derivative (4, b) spectra of solution containing 19.3 (4018) mL™ H,dapd (Hapm)
reagent, 15 (60) % ethanol, 0.1 M Na pH 2.5 (7.5):
1: (a, 4, b, b): 2.8 x 10° and 5.6x18 mg mL™" Fe (lI) as [Fe (Kdapd),]**and[Fe (Hapm)]*,
2:(a, 4,b,b): 1 (a) +0.017 and 0.007 mg MINi?* with [Fe (Hdapd),]** and[Fe (Hapm)]?*,
3:(a, a'p, b): 1 (a) +0.017 and 0.009 mg MCA* for [Fe (Hdapd),]** and[Fe (Hapm)]*,
4: (a,a’b,b): 1 (a) +0.152 and 0.044 mg MLCU* for [Fe (Hdapd),]*" and [Fe (Hapmy]*,
5: (a, @', b): 1 (b) +0.155 and 0.052 mg MLCP* for [Fe (Hapm)]?* and [Fe (Hapm)]®*

Table 3: Effect of Diverse lons Amounts of Fe {lBken 2.8 (5.6) pg mk with H.dapd(Hapm) Reagent

[Fe(H.dapd)]** Tolerance limits [Fe(Haprif* Tolerance limit

Diverse ions (w/w) Diverse ions (w/w)

Direct mode

K*, Nd, c&* <1000 K, Na', C&* <1000

NOs, CI, G,OZ, SQ7, L&*, cd*

ce", L&, cd, zn? SQ* <900
zrtt <590

Mg*", B&*, Th* <500 Mg", Th*, Cé", <207

SCN, CN NQ, CI, GO,

Ut <253 Ch <84

PE*, Mn?* <118 PH, Mn?* <29
SCN CN

Cu* <36 cg* <7.9

Cr+ <28 CPH* <9.3

N2+ <25 NP * <1.25

Co* <3.0 Cg** <1.60

First Derivative Mode

Cu* <54 cg* <7.9

Cr+ <55 CP** <9.3

N2+ <6.0 NP * <1.25

Co* <6.0 Cg** <1.60
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Table 4: Results the Determination of a Mixture @dming Fixed or Variable Concentration of Fe @ Fe (Ill) with 19.3 pg mt* Hdapd
Reagent (I = 0.1 M NaNp10 % Ethanol at pH 2.5)

True value Found value

Fe(ll) Fe(ll1) Total iron Total iron Recovery

pug mLt pug mect pug mLt Absorbance pug mt %

0.5585 0.1675 0.7260 1.0956 +2.1¥10 0.7253 99.9
0.3351 0.8936 1.3465+1.7x10 0.8905 99.6
0.5585 1.1170 1.6789+1.9x10 1.1095 99.3
0.8377 1.3962 2.0879+2.3x10 1.3787 98.7
1.1170 1.6755 2.5002+2.6x10 1.6502 98.5

Table 5:  Direct and First Derivative Measuremeritsan (I1) as [Fe (Hdapd),]>* Complex in Beans, Herbs Species and Rocks

No. of Direct Mode Derivative Mode AAS RelaiErrors

samples mgg(+sd) mg §'(zsd) mg §(+sd) direct-AAS D-AAS
Herbs, Spices and beans

1 10.19 (+0.04) 11.09(+0.05) 10.58(+0.07) 3.69 4.82
2 3.75 (+0.05) 4.14(+0.06) 3.95(0.05) 5.06 814.
3 7.45 (+0.02) 8.07(x0.03) 7.74(x0.15) 3.75 264.
4 7.95 (+0.03) 8.69(+0.06) 8.33(+0.02) 4.56 3.
5 5.12 (x0.07) 5.49(+0.07) 5.32(x0.11) 3.76 1.
6 4.09 (+0.05) 4.45(+0.06) 4.29(+0.14) 4.66 7.
7 8.88 (+0.04) 9.14(0.05) 8.98(0.04) 1.11 78L.
Rocks

8 72.87 (£1.72) 76.04(x1.09) 75.0(x3.22) 2.84 1.39
9 85.85 (£1.27) 89.15(%1.26) 88.15(+2.44) 2.61 1.13
10 75.77 (£1.53) 77.50(x1.04) 75.96(+£3.09) 0.25 2.03
11 34.97 (+1.06) 37.50(+1.27) 36.30(+1.76) 3.66 3.30
12 7.56 (+0.04) 8.12(0.05) 7.88(0.19) 4.06 043
13 72.87 (¥1.72) 76.04(+1.09) 100.8(+2.08) 3.12 2.18

1-kakade; 2- anise; 3- cumin; 4- black peppereSta ofVicia faba; 6- cotyledons oVicia faba; 7- testa and cotyledons; (8-10)- amphibolites;
(11, 12)- migmatite lecsome; 13- serpentine; D adive Spectra; AAS = Atomic Absorption Spectrophgdric

There is a good agreement between true and foundithout reducing agent. A comparison between pitesen
concentration of iron. The recovery of measurementgaverage of three values) and published ré&itthat
was found to be higher than 99.3%. Thusdapd investigated the amount of iron in kakade (10v82
reagent can be recommended for the determination @f 57 mg §") and black pepper (8.3%&. 3.9 mg ¢") is
total iron in a mixture containing ferrous and ferr hjgher whereas anise (3.95.7.67 mg §) and cumin
mixture as [Fe(rtlapd)] complex after an allowed (775vs8.28 mg @) is lower than in the published
period of 4 hr for complete reduction Fe(lll) to(Fe results. Higher concentration may be possiblytaited

o ) to contaminated samples, which comes from the
Determination of Total Iron in Outdoor Samples  jjgation with contaminated water and addition of
Using H.dapd Reagent: The proposed procedure | Was tgilizer and/or herbicides to soil.

applied to determine iron in herb, spice, beankyoc

after wet ashing (wet digestion) of the samplese Th CONCLUSION
results are listed in Table 5. The method basethen
reduction of Fe(lll)-complex to F(ll)-complex with One of the most important aspects of the present

H.dapd reagent after standing for 4 hr. The A or Dwork is the simple, rapid method for
signals were measured at 428 or 523 nm, respegtivebpectrophotometric determination of ferrous andider
against the blank solution. The results obtainedewe individually or a mixture of ferrous and ferric gse
compared with that measured by AAS. There ardH=dapd)z]”" complex in acidic water-ethanol medium
agreements between the results obtained by dirett a (PH 2.5). Hdapd reagent has the ability to react
derivative modes and AAS. No significant differemce 'nStantaneously with ferrous whereas ferric witisin
are observed (F=1. 048 in direct mode-AAS and lepenod of 4.0 hr. The sensitivity and selectivitfytbe

. N . method were improved with first derivative. Compari
032 in derivative mode-AAS). The relative error was,q present procedure with the DCDT reagent bedore

found to be less than 5%. Thus,depd reagent can be jfter extraction into amyl alcohol concerning détec

used successfully to determine total iron as [Feand tolerance limits for G& CFP*, Ni** and CG&"

(H.dapd) ;]** complex in the majority of wet ashing indicated that ktlapd is sensitive and selective (except

herb, spice and bean or wet digested rock samplder Cl/**). On comparing one method with existing flow
855
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injection analysis methods, indicates that the isse 10.
readily available, relatively inexpensive apparadunsi
simplicity of the experimental conditions make the
proposed method a good alternative for routine
analysis. Recommended method is economical since it
is cheaper than AAS and does not need any gagq
maintenance. The method has been successfully used
for determining total iron directly in digesting
foodstuffs, herbs, spices and rock solution as [Fe
(H,dapd);]* in the absence of reducing agents. 12
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