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Abstract
Simple and sensitive voltammetric and HPLC methods were
developed for the determination of the three azo dyes (Acid Orange7,
Acid Orange 10 and Acid Orange 12). Optimization of various
experimental conditions for quantitative determination of dyes is
described.
The voltammetric method for determination of trace amounts of dyes
is carried out by differential pulse-adsorptive cathodic stripping
voltammetry (DP-AdCSV) technique at a hanging mercury drop
electrode (HMDE). The effects of different parameters that influence
the (DP-AdCSV) response are described. These parameters include
pH, accumulation potential, accumulation time, pulse amplitude, scan
rate, drop size and interference by other ions.
The calibration graphs for the determination of the studied dyes were
linear in the range 0.004-0.105 ppm, 0.009-0.180 ppm and 0.007-0.140
ppm with detection limit of 0.002 ppm, 0.005 ppm and 0.004 ppm and
relative standard deviation of 1.96%, 2.10% and 2.15% for Acid
Orange7, Acid Orange10 and Acid Orange12 respectively.
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The HPLC method for the determination of dyes using optimum
conditions is carried out. The wavelengths of maximum absorbance
were 477nm for Acid Orange 10, 485nm for Acid Orange 7 and Acid
Orange 12. Retention times were found to be 2.8 min, 4.8 min, and
3.1min for Acid Orange 7, Acid Orange 10 and Acid Orange 12
respectively. Calibration graphs for the determination of the studied
dyes were linear in the range 0.05-4.0 ppm, 0.10-4.0 ppm and 0.10-4.0
ppm with relative standard deviation of 3.8%, 4.1% and 4.2% and
detection limit of 0.03, 0.05 and 0.05 ppm for Acid Orange7, Acid
Orange10 and Acid Orange12 respectively.
The Reducing degradation kinetics of the studied dyes by zero-valent
iron in aqueous-solutions were studied. Effective degradation was
achieved with rate constants of 0.004, 0.002 and 0.003 mmol/L.min,
and half-lives of 10 min 22 min and 17min for Acid Orange7, Acid
Orange10 and Acid Orange12 respectively.
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CHAPTER ONE
INTRODUCTION
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Chapter One
Introduction

1.1 Textile dyes
Dyes are intensely colored substances that can be used to produce a
significant degree of coloration when dispersed or reacted with other
materials .The dye molecule can be considered to be structured from
two components, the dye chromophore and the dye functional group.
The dye chromophore includes the double bonds and is responsible for
the color of the dye while the functional group is responsible for the
bond between the fiber and the dye [10].
In the nomenclature of dye, its classification is based on the major
functionality of the dye. The main classes being azo dyes (including
sulphonated azo dyes), anthraquinone, polymethine, phthalocyanine,
xanthenes, sulphur, aryl-methane and coumarine dyes. The use of dye
generally refers to the manner in which it is applied. Some of most
common applications are in acidic or basic media as mordants, lakes,
pigments, solvents, or dispersants [30].
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Organic

dye

industry

has

been

developing

rapidly

today,

approximately 10,000 types of dyes are produced annually and used in
diverse applications, the annual world production amounts to nearly
one million tons, more than half of them are azo dyes [22,35].
Azo compounds constitute the largest and most diverse group of dyes
and pigments used in commercial applications. Over 3000 different
azo dyes are used to satisfy the consumer demand for color appeal in
textiles, paper, gasoline, food stuffs, leather and printing applications
[12,39].
Dyes make our world beautiful but it brings pollution, they are
released into the environment as industrial effluents from food,
cosmetic, drug, textile and dyestuff factories. Recent estimation
indicates that approximately 12% of the synthetic dyes used in textile
processes each year are lost to waste streams during manufacturing
and processing operations, and that 20% of these losses are released
into the environment through effluents from waste water treatment
plants. These compounds are quite difficult to be removed in water
treatment procedures, and can be transported from municipal sewage
water to rivers because of their high water solubility [43, 44].
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Interest in the environmental behavior of dyes arise largely from
concerns about toxicity. Some synthetic dyes may be pathogenic if
they are consumed in excess. It has also been shown that synthetic
precursors, intermediates and degradation products of these dyes
could be potential health hazards owing to both their toxicity and
carcinogenicity [40]. Dyes of aromatic structures [11], dyes with azo
bonds, nitro- or amino-groups are carcinogenic [13], metal-based
complex dyes, such as chromium-based dyes, can lead to the release
of chromium (that is carcinogenic) into water supplies [3,7]. The
majority of dyes may cause allergic responses, skin dermatoses,
eczema [27,37], affect the liver [21,27], the lungs [4], the vascocirculatory system [28], the immune system [26], and the reproductive
system [14, 27] of experimental animals as well as humans.
Sulphonated azo dyes (that are our interest in this work) possess acidic
groups in their chemical structure, the sulphonic acid groups in
particular are often present as sulphonate anions and provide very
good water solubility. In addition, azo dyes have been shown to
undergo reduction in natural water ways and the environment, the
degradation products include amines, and some of them are known to
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be carcinogenic. Their presence in effluent and industrial waste-water
is of considerable interest because of the potential for contamination
of ground and drinking water supplies by compounds that may cause
health risks. Therefore the detection, identification, and quantification
of azo dyes in waste water at low levels is important for the protection
of natural waters [29,30].
Stained waste water has to be treated to reduce ecological
consequences [23]. Dyes in waste water can be eliminated by various
methods, including flocculation, precipitation, reverse osmosis,
adsorption [25], and also oxidative-reductive chemical and photo
chemical [24] processes, other techniques comprise radiation and
decolorization with ozone in combination with H2O2. At present, the
major techniques in treating dye waste water [22] are biological
treatment, activated carbon method and light degradation. However,
there are shortcomings in these techniques, for example, activated
carbon method results in transferring the dyes to another place, lightdegradation treatment is energy consuming and limited in treating
amount, and the conditions of biological process in microorganism
treatment are difficult to control to reach a satisfactory level [41].
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Zero- valent iron, Fe°, in the form of powder, is a strong reducer, and
it is cheap and easy to get. The practical application of zero-valent
iron in treating ground waste [15] has been made. Treated by Fe°, dye
waste waters can be decoloured, and the products (aromatic amine)
are easily degraded by microorganisms [15].
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1.2 Quantitative determination of textile dyes:
Some voltammetric, chromatographic, capillary electrophoresis, and
spectrophotometric methods have been reported for determination of
textile dyes.
1.2.1 Polarographic and voltammetric determination of textile
dyes.
Fogg, et al [18] used polarographic and voltammetric methods
for determination of two reactive triazine-based azo dyes containing
4-carboxypyriyl and 1,4-diazabicyclo [2,2,2] octanyl [DABCO]
leaving groups. The direct current and differential pulse polarograms
show one peak corresponding to the reduction of the azo group and
other peaks at more negative potentials corresponding to the reduction
of reactive groups. Optimum conditions were found for polarographic
and voltammetric determination at submicromolar concentration of
the tested dyes. Based on the reduction of azo group the calibration
graphs were linear in the range 1.0x10-7-1.0x10-5M and 5.0x10-81.0x10-7M for polarographic and voltammetric methods, respectively.
The peaks corresponding to the reduction of the reactive group can be
used for monitoring the hydrolysis of the tested dyes.
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Fogg, et al [17] used cathodic stripping voltammetry for
determination of reactive Violet 5 and its hydrolysis product (that is
produced as a side product in the dyeing process) in a mixture at subppb levels by cathodic stripping voltammetry because the potentials of
their azo reduction peaks are separated sufficiently. The calibration
graphs of reactive Violet 5 and its hydrolysis product were linear in the
range 1.0x10-7-5.0x10-7M.
Barek, et al [5] used polarographic and voltammetric method for
determination of five triazine–based azo dyes differing only in their
potentially reactive groups. One peak was found for each of the five
dyes corresponding to the reduction of the azo group, other peaks at
more negative potentials corresponding to the reduction of reactive
groups. Optimum conditions were found for polarographic and
voltammetric determination at submicromolar concentration of the
tested dyes. Based on the reduction of azo group, using a static
mercury drop electrode, the detection limit was 2.0x10-8M for
differential pulse polarography, using a hanging mercury drop
electrode detection limits were around 1.0x10-8M for differential pulse
voltammetry and 2.0x10-10M for adsorptive stripping voltammetry.
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Other peaks at more negative potentials corresponding to the
reduction of reactive groups can be used for monitoring the hydrolysis
of the tested dyes.
Barros, et al [6] used polarography to differentiate between Food
Yellow 3 and Acid Orange 7 in cork, which exhibit similar
polarographic behavior. In the presence of tetraphenylphosphonium
chloride (I), the addition of NaOH separated the polarographic peaks
of the two dyes. A dropping mercury electrode, a vitreous-carbon
counter electrode and an Ag-AgCl (Satd.KCl) reference electrode
were used. Detection limits of 100 ppb were obtained corresponding
to an amount of colouring matter of 2µg/cork.
Abollino, et al [2] studied the electrochemical behaviour of the
Cd(II), Mn (II), Ni (II) and Pb (II) complexes of seven sulphonated
azo dyes and four quinolines, in the pH range (4-8) using adsorptive
cathodic-stripping voltammetry. A hanging mercury drop electrode,
an Ag/AgCl electrode and a Pt electrode served as the working,
reference and counter electrodes, respectively.
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1.2.2 Chromatographic determination of textile dye
Urquiza, et al [40] used ion-interaction high-performance liquid
chromatography method for quick separation and determination of the
sulphonated dye Acid Yellow 1, and the sulphonated azo dyes Acid
Orange 7, Acid Orange12, Acid Orange 52, Acid Red 2, Acid Red 26,
Acid Red 27 and Acid Red 88. A RP-ODS stationary phase is used,
and the mobile phase contains an acetonitrile–phosphate buffer
(27:73, v/v) mixture at pH 6.7, containing 2.4 mM butylamine as ioninteraction reagent. Good separations were obtained using isocratic
elution and spectrophotometric detection at 460 nm. The detection
limits for the eight dyes ranged from 7 to 28µg/l for an injection
volume of 100µl. Spiked tap water samples (100ml) containing
different concentration levels (0.3-1.2µg/l) of the dyes were analyzed
after acidification to pH 3 and preconcentration in disposable solidphase extraction C18 cartridges.
Jiménez, et al [23] studied the chromaticity variation and the
formation of degradation products of several textile dyes using a UV
spectrophotometer and HPLC with diode array detection. Dyes
studied belong to the azo, methine, indigo, natural and arylmethane
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classes. Aliquots of the solutions treated at constant potential were
analyzed and compared with control dye solutions.The final
electrolysis solutions obtained by using different electrode materials: Pt,
Ti and diamond presented different chromatograms. It was found that
the novel diamond electrode is efficient in studying the degradation of
various

dyes.

Possible

fragmentation

and

molecule

moiety

rearrangement are proposed as a result of the electrochemical
treatment.
Weatheral, et al [42] tested the purity of eight commercial
sulphonated azo dyes used as acid dyes for wool by HPLC with use of
a stainless-steel Alltech Mixed Mode RP-C8/Anion cartridge (15cm x
4.6mm), five isocratic mobile phases, and 254-nm detection.
Impurities in dyes ranged from 0.04% in Acid Orange 18 to 5.5% in
Acid Red 151. Other dyes studied were Acid Orange 7, Acid Orange
10 and Acid Orange 12, Acid Red 66, Acid Red 73 and Acid Red 88.
Straub, et al [36] compared the technique of HPLC coupled with
thermospray MS and particle beam MS for the identification of 14 azo
dyes and their synthetic intermediates, byproducts, additives or
degradation products. Detection limits in the range 500ng to 50µg
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were obtained from particle beam MS while thermospray MS was two
to three orders of magnitude more sensitive. Only through the
application of both detection techniques, could the dyes be
satisfactorily characterized.
1.2.3 Capillary electrophoresis determination of textile dyes
Urquiza, et al [38] determined the dissociation constants of 10
sulfonated azo dyes, six of the dyes studied are most common food
colours used as additives, and four commonly used as textile dyes
(Acid Orange7, Acid Orange 12, Acid Red 26 and Acid Red 88),was
done by two different systems, one by using capillary electrophoresis
(CE) with diode array detection and the other by using UV-visible
absorption

spectrophotometry. Capillary

electrophoresis

methods

allow calculation independent of solute purity due to the possibility of
working with small amounts of sample compared with the
spectrophotometric method.
Urquiza,et al [39] used a method based on capillary zone
electrophoresis coupled with photodiode-array detection to determine
several sulfonated dyes, including a sulfonated dye ( acid yellow 1) ,
and the sulfonated azo dyes acid orange7, acid orange 12, acid orange

15

52 , acid red 26, acid red 27 and acid red 88.. The detection limits for
the seven dyes ranged from 0.1 to 4.53 µg/ml. Spiked river water
samples (100 ml), containing different concentration levels (0.0250.150) µg/ml of the dyes were analyzed after acidification (pH 3) and
pre–concentration in disposable 1 m1 cartridges.
Blatny, et al [9] used capillary zone electrophoresis for
separation of nine synthetic organic dyes including seven azo
compounds, as anions. As most of the solutes are sulfonic acids, the
separation could not be effected by varying the pH of the buffer
solution. Therefore two methods were applied to adjust the
electrophoretic mobility in a specific way: complexation by bis-trispropane and interaction with linear polymers added to the buffer and
acting as pseudo-phases. A buffer system containing polyethylene
glycol and polyvinylpyrrolidone permits the separation of all analytes.
Retention of the dyes caused by the polymeric additives was related to
the solutes structure. It was demonstrated by cluster analysis that the
relative decrease in the electrophoretic mobility of the dyes correlates
with the number of benzoaromatic rings in the solute molecules.
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Riu., et al [31] determined several sulfonated dyes in spiked
groundwater samples and industrial effluents by automated solidphase extraction followed by capillary electrophoresis with UV
detection, and by capillary electrophoresis/mass spectrometry
(CE/MS). Studied dyes include one monosulfonated (Mordant Yellow
8) and seven disulfonated azo dyes (Acid Red 1, Mordant Red 13,
Acid Red 14, Acid Red 7, Acid Yellow 23 and Acid Blue 113). The
method detection limit ranged from 10 to 150µg /L using CE/UV, and
from 100 to 800µg /L using CE/MS.
1.2.4 Spectrophotometric determination of textile dyes
Zamora, et al [45] used spectrophotometric method and
multivariate calibration technique for determination of a set of 16
different dye mixtures containing Reactive Red 195, Reactive Yellow
145 and Reactive Orange 122. In this study, the calibration model is
based on absorption spectra in the range of 350-650-nm range, and
made the determination of the dye concentrations possible in a
validation set with significantly greater accuracy than the conventional
univariate calibration method.
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Fan, et al [16] used spectrophotometric method to measure the
dissociation constants of Acid Orange 45 in water and aqueous alcohol
solvents consisting of 10-90% methanol, 10-70% ethanol, 10-60%
propan-2-ol and 10-50% t-butanol. The measurements were made at
25ºC and ionic strength 0.1M. The alcohol co-solvents were found to
affect the acid-base equilibria, the visible absorption spectra and the
colour transition range. The pKa values decreased with increasing
alcohol co-solvent concentration in the order t-butanol > propan -2-ol
> ethanol > methanol > H20. For each solvent system a linear
relationship existed between the pKa value and the mole fraction of
the co-solvent over a limited concentration range.
Sankar, et al [32] determined some adrenergic drugs using Acid
Orange7 by dissolving tablets or injection solution, equivalent to 10
mg in 50 ml of water and the solution was filtered and diluted to 100
ml. A portion of sample solution (10 to 200 µg/ml) was treated with 2
ml of 0.1M HCl and 1 ml of aqueous 0.5% Acid Orange 7 and then
diluted to 10 ml with water. The solution was extracted with 10 ml of
CHC13 and the absorbance was measured at 495 nm. Beer's law was
obeyed from 1 to 20µg/m1.
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Bhongade, et al [8] determined some phenothiazine derivatives
using Acid Orange 7 by dissolving tablets, syrups and injection
solution in water to produce a final concentration of 50 µg/m1. A 2-ml
portion of sample solution was treated with 2 ml each of 0.1M HCL
and Acid orange7, and diluted to 10 ml with water. The solution was
extracted with 15 ml of CHC13 and the absorbance was measured at
495 nm. Beer's law was obeyed from 3 to 25 µg/m1 with RSD in the
range of 1-2%.
1.3 Aim of this work
The main aim of this work is to develop new voltammetric and HPLC
methods for determination of the three azo dyes (Acid Orange 7, Acid
Orange 10 and Acid Orange 12) and investigate the optimum
conditions for their determination. A comparative study between the
suggested methods and previously reported methods will be
investigated. on the other hand the reducing degradation of the azo
dyes by zero–valent iron in aqueous solution will be studied in order
to find a safe, cheap and practical technique for degradation of azo
dyes.
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EXPERIMENTAL
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Chapter two
Experimental
Part 1: Voltammetric Analysis
2.1 Chemicals and Reagents
All chemicals used were of analytical grade. The three studied dyes
(Acid Orange7, Acid Orange10 and Acid Orange12) were manufactured
by Sigma. Other chemicals used were manufactured by (Aldrich,
Merck or Riedel-delhaen). Doubly-distilled water was used throughout
this work.
2.2 Preparation of solutions
A- Buffer Solution
Britton-Robinson (BR) buffer solutions were prepared according to
the procedure recommended by Rahim A, et al (1) from acid mixture
of acetic, phosphoric and boric acids, (final conc. 0.04M of each), then
adding sodium hydroxide solution (0.2M) to set the desired pH in the
range 2.6-11.
B- Standard Dyes Solution
Dyes Standard solutions of 1.0x10-3M were prepared by dissolving an
appropriate amount of each dye in doubly distilled water. Working
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solutions were prepared by serial dilutions from the stock solution.
C- Metal Ion Solutions
Soluble salts were used to prepare 1.0x10-3M metal ion stock
solutions, by dissolving an appropriate amount of each metal salt in
doubly distilled water, further dilutions from stock solution were done
to prepare working solutions.
2.3 Instrumentation
Differential pulse adsorptive cathodic stripping voltammetry (DPAdCSV) were carried out using EG&G voltammetric analyzer, model
264-B with a 303A static mercury dropping electrode, operated in the
hanging mercury drop electrode (HMDE). The three-electrode system
was completed by means of a platinum wire auxiliary electrode and an
Ag/AgCl reference electrode. The pH measurements were carried out
using HANNA pH- meter, model HI 8424.
2.4 Recommended Voltammetric Procedure
The voltammetric peaks were obtained using the differential pulse adsorptive cathodic stripping voltammetric technique. Hence the
technique is called differential-pulse adsorptive cathodic stripping
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voltammetry (DP-AdCSV). The general procedure for obtaining
voltammetric peaks was as follows:
10 ml of Britton - Robinson (BR) buffer solution (pH 3) was placed in
the cell and purged with highly pure nitrogen for 4 minutes with
stirring (to remove the dissolved oxygen that may interfere). A
precocentration accumulation potential of 0.0V was applied to a fresh
mercury drop for the required accumulation time while the solution
was stirred. On the completion of accumulation time, the stirrer was
switched off automatically. A negative potential scanning was
initiated between 0.0 and -1.0V using a differential–pulse mode. After
the blank voltammogram had been obtained, the adsorptive stripping
was repeated with a new mercury drop after the addition of 0.1 ml dye
sample containing an amount of dye in the range 0.2-10.5 ppm for
Acid Orange7, 0.5-18.0 ppm for Acid Orange10 and 0.4-14.0 ppm for
Acid Orange 12, using the optimum conditions. For each dye a
calibration plot of peak current against concentration was constructed
and used for subsequent determination.
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Part II: HPLC Analysis
2.5 Chemicals and Reagents
All solvents used are of HPLC grade.
2.6 Preparation of Solutions
A- Standard Dyes Solutions
Dyes standard solutions of 1000 ppm were prepared by dissolving
proper amount of each dye in HPLC water. Working solutions were
prepared by serial dilutions from the stock solution and buffered at pH
7.4.
B- Mobile Phase
Mobile phase consists of acetonitrile: water (60:40,V/V) containing
0.45 M N-Cetyl-N,N,N- trimethylammonium bromides (CTAB).
The mobile phase was prepared by dissolving proper amount of
CTAB in acetonitrile : water (60:40, V/V). It was buffered at pH 7.2,
degassed using JENCONS Scientific LTD sonicater, and filtered
through 0.45 micrometer membrane to remove any particulate matter
that might clog the system.
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C- Simulated samples
Simulated samples were prepared by dissolving proper amounts of
each dye in sewage water that was collected from the beginning of
water flow in the east area of Nablus, and then filtered using 0.45
micrometer membrane to remove any particles that might clog the
system.

2.7 Instrumentation
A. UV-2 UNICAM UV–Visible spectrophotometer was used for all
spectrophotometric measurements. All measurements were carried out
using quartz cells 10-mm at room temperature (20-25◦C).
B. SHIMADZU HPLC chromatograph that consists of one pump
(model LC-10AT vp), manual sample injector (Rheodyne 7725i
20µL), Diode array detector (model SPD-M 10 Avp) with wavelength
in the range (190-800) nm, system controller (model SCL-10 Avp) and
class–VP 5.0 Software. Analyses were performed on 125 x 4 mm I.D
Merck Lichrospher 100 RP C-18 (5µm) column fitted with guard
column, flow rate of 0.5 ml min -1and injection volume 20µL.
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2.8 Recommended HPLC procedure
Prior to HPLC analyses the visible spectra of each standard dye was
obtained to establish its maximum absorbance wavelength. Each dye
was chromatographed individually, by injecting 20µL of 10 ppm of
each dye at pH 7.4, to SHIMADZU HPLC chromatograph, and
detected at its maximum wavelength, in order to determine the
retention time. The calibration curves were constructed by plotting
absorbance against concentration of dye and used for subsequent
determination.
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CHAPTER THREE
RESULTS and DISCUSSION USING
VOLTAMMETRIC METHODS
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Chapter three
Results and Discussion Using
Voltammetric Method

Voltammetric analysis
Systematic studies of various experimental parameters that influence
the differential pulse-adsorptive cathodic stripping voltammetric
response were carried out in order to optimize the experimental
conditions for the determination of dyes. These parameters include the
effect of pH, accumulation potential, accumulation time, pulse
amplitude, scan rate, current range, drop size, and interference by
other ions.
3.1 Effect of pH
Following the voltammetric procedure (2.4) the differential pulseadsorptive cathodic stripping voltammetric (DP-AdCSV) runs of
5.0x10-6M of each of the colors under investigation (Acid Orange7,
Acid Orange 10, and Acid Orange 12) were carried out over the pH
range 2.6-11 using Britton–Robinson (BR) buffer.
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It was found that for each dye the voltammograms consist of one peak
through out the whole pH range studied.
Acid Orange7 (Figure 3.1.a) showed that the height of the reduction
peak increased gradually in the pH range 2.6-3.0, then decreased
markedly at pH greater than 3.0 to reach a minimum at pH 7.0. Any
further increase in the pH affected gradual increase in the peak height
until it reached a maximum value in the pH range 10.0-11.0.
Acid Orange10 (Figure 3.1.b) showed that the height of the reduction
peak increased gradually in the pH range 2.6-3.0, then decreased
markedly at pH greater than 3.0 to reach a minimum at pH 5. Any
further increase in the pH affected gradual increase in the peak height
until it reached a maximum value at pH 8.0, another gradual decrease
in the peak height occurred at pH greater than 8.0 until it reached a
minimum at pH 11.0.
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Acid Orange12 (Figure 3.1.c) showed that the height of the reduction
peak increased gradually in the pH range 2.6-3.0, then decreased
gradually at pH greater than 3.0 to reach a minimum at pH 7. Any
further increase in the pH affected gradual increase in the peak height
until it reached a maximum value at pH 10.0, another gradual decrease
in the peak height occurred at pH greater than 10.0 until it reached a
minimum at pH 11.0.
From the above mentioned results the obtained peak corresponds to
the reduction of azo group in each dye and formation of the products
of aromatic amines. The mechanism of reduction of azo group had
been reported by many authors (5,17and 18).
The position of the peak was shifted to more negative potential by
increasing pH from 2.6 to 11.0 that indicates greater consuming of
hydrogen ions in reduction process. The first peak at pH 3.0 is
relatively high, sharp, and reproducible. Therefore pH 3.0 was
selected as optimum pH for determination of the three dyes.
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3.2 Cyclic voltammetric measurement
Formation of aromatic amines during the reduction of the three dyes
(Acid Orange7, Acid Orange 10, and Acid Orange 12) was confirmed
by studying the cyclic voltammetric behavior of 3.0x10-6M of the
three dyes in Britton-Robinson buffer (pH 3.0), for 5 repetitive cyclic
voltammograms. A clearly single cathodic peak without anodic
response is observed, that indicates irreversible reduction process.
The peak current decreases sharply in the second cycle with little shift
in the peak potential to more negative side. Results are shown in
Figures 3.2.a, 3.2.b and 3.2.c, for Acid Orange7, Acid Orange 10, and
Acid Orange 12 respectively.
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3.3 Effect of scan rate
The effect of scan rate on the peak current of 5.0x10-7M of the three
studied dyes had been investigated on DC-AdCSV. A gradual increase
in the peak current was associated with the increase of scan rate with
little shift in the peak potential to more negative values indicating that
the reduction is of adsorbed species. Results are shown in Figures
3.3.a1 and 3.3.a2 for Acid Orange 7, Figures 3.3.b1 and 3.3.b2 for Acid
Orange 10, and Figures 3.3.c1 and 3.3.c2 for Acid Orange 12.
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3.4 Effect of accumulation potential
The effect of changing the accumulation potential on the peak current
of 1.0x10-6M of the three dyes was evaluated over potential range 0.0
to -1.0V. Slight decrease in the peak current was observed upon
changing potential from 0.0 to - 0.1V, and then rapid drop in the peak
current occurred upon going down to more negative values. Results
are shown in Figures 3.4.a, 3.4.b and 3.4.c for Acid Orange7, Acid
Orange10, and Acid Orange12 respectively. The accumulation potential
of 0.0V offered the best sensitive and reproducible peak current and
was used in all subsequent work.
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3.5 Effect of accumulation time
Differential pulse adsorptive cathodic stripping voltammograms (DPAdCSV) for (5.0x10-7M and 1.0x10-6M) of the three dyes (Acid
Orange7, Acid Orange 10, and Acid Orange 12) were studied after
different accumulation times. Plots of the resulting peak currents
versus accumulation times had been done. At first current increases
linearly with time and then starts to level off causing a steady current
value. This is due to increase in the amount adsorbed at the electrode
surface as accumulation time increases, until adsorption phenomenon
occurs at longer accumulation time. The optimum accumulation times
for maximum peak currents were found to be 120s for 5.0x10-7M, and
60s for 1.0x10-6M of each dye. Results for 5.0x10-7M of the three dyes
are shown in Figures 3.5.a1 and 3.5.a2 for Acid Orange 7, Figures
3.5.b1 and 3.5.b2 for Acid Orange 10 and Figures 3.5.c1 and 3.5.c2 for
Acid Orange 12.
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3.6 Effect of metal ions on dye determination
The effect of metal ions on the determination of 5.0x10-7M of the
three studied azo dyes using the proposed voltammetric method was
studied. The obtained Results are listed in Tables 3.6.a, 3.6.b and 3.6.c
for Acid Orange7, Acid Orange 10, and Acid Orange 12 respectively.
All metal ions showed negative interferences in the determination of
any of the studied dyes. The peak height was found to decrease
gradually by increasing concentration of metal ions added .This might
be due to hydrolysis of dye in present of metal ion.
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Table (3.6.a)
Effect of metal ions on the DP-AdCSV voltammograms for 5.0x10-7M
Acid Orange 7 (peak current = 3.5µA). Conditions: accumulation
potential 0.0V, accumulation time 60s, pulse amplitude 50mV, current
range 5µA, scan rate 20mVs -1, scanned from 0.0 to -1.0V. Note: (-)
decreasing the peak height.
Metal Ions
added
Fe +2
Fe +3
Cu +2
Cr +3
Mn +2
Ni +2
Co +2
Cl -1
NO3 -1
SO4 -2
C6H5O7 -

Peak Current (µA) at different
concentration of metal ions
added (M)
-6
1x10 M 1x10-5M 1x10-4M
3.40
3.31
3.12
3.40
3.35
3.25
3.40
3.35
3.26
3.39
3.34
3.29
3.40
3.36
3.22
3.40
3.30
3.20
3.39
3.34
3.23
3.40
3.38
3.25
3.39
3.29
3.01
3.39
3.24
3.13
3.27
3.22
3.18

Error (%) at different
concentrations of metal ions
added
-6
1x10 M 1x10-5M 1x10-4M
-2.7
-5.4
-10.8
-2.8
-4.2
-7.0
-2.7
-4.1
-6.8
-3.0
-4.5
-6.0
-2.7
-4.0
-8.0
-2.8
-5.7
-8.4
-3.0
-4.6
-7.6
-2.8
-3.3
-7.0
-3.0
-6.0
-14.0
-3.0
-7.5
-10.4
-3.0
-4.6
-7.6
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Table (3.6.b)
Effect of metal ions on the DP-AdCSV voltammograms for 5.0x10-7M
Acid Orange 10 (peak current = 2.5µA). Other conditions: as listed in
Table (3.6.a)
Peak Currents (µA) at different
Metal Ions
concentrations of metal ions
added
added (M)
-6
1x10 M 1x10-5M 1x10-4M
Fe +2
2.35
2.25
2.15
+3
Fe
2.40
2.25
2.00
+2
Cu
2.41
2.33
2.20
+3
Cr
2.36
2.27
2.05
+2
Mn
2.38
2.32
2.14
+2
Ni
2.23
2.11
1.78
+2
Co
2.30
2.15
2.00
-1
Cl
2.31
2.27
2.08
-1
NO3
2.35
2.28
2.00
-2
SO4
2.25
2.21
1.75
C6H5O7
2.43
2.36
2.08

Error (%) at different
concentrations of metal ions
added
-6
1x10 M 1x10-5M 1x10-4M
-6.0
-10.0
-14.0
-4.0
-10.0
-20.0
-3.4
-6.8
-12.0
-5.4
-9.0
-18.0
-4.7
-7.1
-14.2
-11.0
-15.0
-28.8
-5.0
-10.0
-12.5
-7.4
-9.2
-16.6
-5.7
-8.5
-20.0
-7.7
-11.5
-30.0
-2.7
-5.5
-16.6
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Table (3.6.c)
Effect of metal ions on the DP-AdCSV voltammograms for 5.0x10-7M
Acid Orange 12 (peak current = 2.1µA). Other conditions: as listed in
Table (3.6.b)
Peak Currents (µA) at different
Metal Ions
concentrations of metal ions
added
added (M)
1x10-6M 1x10-5M 1x10-4M
Fe +2
2.00
1.91
1.66
+3
Fe
1.99
1.94
1.78
+2
Cu
2.05
2.00
1.97
+3
Cr
1.98
1.91
1.80
+2
Mn
2.01
1.98
1.85
+2
Ni
1.89
1.83
1.68
+2
Co
1.99
1.89
1.83
-1
Cl
1.99
1.95
1.74
-1
NO3
2.03
1.97
1.62
-2
SO4
1.98
1.92
1.75
C6H5O7
1.98
1.94
1.75

Error (%) at different
concentrations of metal ions
added
1x10-6M 1x10-5M 1x10-4M
-4.3
-8.7
-21.0
-5.0
-7.5
-15.0
-2.2
-4.5
-6.3
-5.7
-8.6
-14.0
-3.8
-5.7
-11.5
-10.0
-12.50
-20.00
-5.00
-10.00
-12.50
-4.80
-7.30
-17.0
-3.0
-6.0
-23.0
-5.5
-8.5
-16.6
-5.5
-7.4
-16.6
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3.7 Effect of Purging Time
The effect of purging time was studied for 1.0x10-6M of the three dyes
(Acid Orange 7, Acid Orange 10, and Acid Orange 12) for 0 -8 min.
4 minutes were selected as purging time in our work because it gave
suitable and reproducible peak current.
3.8 Effect of drop size
The effect of drop size on the peak current was studied for 1.0x10-6M
of the three dyes (Acid Orange7, Acid Orange 10, and Acid Orange
12). In our work medium drop size was selected since it gave suitable
and reproducible peak current.
3.9 Effect of pulse amplitude
The effect of pulse amplitude on the peak current was studied for
5.0x10-7M of the three dyes (Acid Orange7, Acid Orange 10, and Acid
Orange 12). Peak current was found to increase as pulse amplitude
increased. In our work 25 mV and 50 mV were mostly used because
of giving suitable and reproducible peak current.
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3.10 Calibration curve
The applicability of voltammetric method as an analytical technique
for determination of the studied dyes (Acid Orange7, Acid Orange 10,
and Acid Orange 12) had been tested under the optimum conditions.
The recommended conditions for DP-AdCSV determination of the
studied dyes were selected and presented in Table 3.10.
Under the recommended conditions, the height of the DP-AdCSV
peak was found to increase gradually with increasing concentration of
dye. For each dye a calibration curve was constructed by plotting the
peak current vs. concentration. The reproducibility of the method was
checked on solutions containing 5.0x10-8M and 1.0x10-7M of each dye
(5 measurements each).
Typical voltammograms showing successive enhancements of peak
current with increasing Acid Orange 7 concentration are shown in
Figure 3.10.a1, calibration curve was linear over the range 1.0x10-8M3.0x10-7M as shown in Figure 3.10.a2, with detection limit of 5.0x10-9M
and average relative standard deviation (RSD) of 1.96%.
Typical voltammograms showing successive enhancements of peak
current with increasing acid orange 10 concentration are shown in
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Figure 3.10.b1, calibration curve was linear over the range 2.0x10-8M4.0x10-7M as shown in Figure 3.10.b2 with detection limit of 1.0x10-8M
and average relative standard deviation (RSD) of 2.10%.
Typical voltammograms showing successive enhancements of peak
current with increasing acid orange 12 concentration are shown in
Figure 3.10.c1, calibration curve was linear over the range 2.0x10-8M4.0x10-7M as shown in Figure 3.10.c2, with detection limit of 1.0x10-8M
and average relative standard deviation (RSD) of 2.15%.
The optimum conditions for voltammetric determination of the three
dyes as well as the characteristics of calibration curves are
summarized in Table 3.10.
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Table (3.10)
Characteristics of calibration curves and optimum conditions for
voltammetric determination of Acid Orange7, Acid Orange 10, and
Acid Orange 12
Parameters

Acid Orange Acid Orange Acid Orange
7
10
12

Optimum pH

3.0

3.0

3.0

Accumulation potential
(V)

0.0

0.0

0.0

Accumulation time (s)

120.0

120.0

120.0

Pulse Amplitude (mV)

50.0

50.0

50.0

Scan Rate (mVs -1)

20.0

20.0

20.0

Drop size

Medium

Medium

Medium

Current range(µA)

5.0

5.0

5.0

Linear conc. Range
(ppm)

0.004- 0.105

0.009- 0.180

0.007- 0.140

Detection limit (ppm)

0.002

0.005

0.004

Average RSD %

1.96

2.10

2.15
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3.11 Simultaneous determination of three dyes
According to the obtained optimum conditions for DP-AdCSV
method for determination of the three studied dyes. It can be seen that
the peak potentials are 0.24V, 0.25V, and 0.26V for Acid Orange7,
Acid Orange 10, and Acid Orange 12 respectively. The resolution of
the peak potential is not good enough to determine any of the three
dyes in presence of the other two dyes. The similarity of the three dyes
in their voltammetric behaviour is due to the close similarity in their
chemical properties and structural formula.
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CHAPTER FOUR
RESULTS and DISCUSSION USING
HPLC Analysis
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Chapter Four
Results and discussions using
HPLC Method

HPLC Analysis
4.1 Absorption Spectra
The absorption spectra of 10 ppm of the three dyes (Acid Orange7,
Acid Orange 10 and Acid Orange 12) were studied in the wavelength
range (400-800) nm at pH 7.4.
For each dye the maximum absorbance was selected for the HPLC
analysis, these were, 477nm for Acid Orange 10, and 485nm for Acid
Orange7 and Acid Orange 12. The obtained results are presented in
Figures 4.1.a, 4.1.b and 4.1.c for Acid Orange 7, Acid Orange 10 and
Acid Orange 12 respectively. Comparison between the spectra of the
three dyes is presented in Figure 4.1.d.
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4.2 Retention time
HPLC Analysis was applied for determination of the retention times
of the three dyes. Standard solution of 10 ppm of each dye at pH 7.4
was chromatographed individually and detected at its maximum
wavelength, and retention times were monitored. The obtained results
presented in Figures 4.2.a, 4.2.b and 4.2.c, showed retention times of
2.8 min, 4.8 min, and 3.1 min for Acid Orange 7, Acid Orange10 and
Acid Orange12, respectively. The closed readings in retention times
for Acid Orange 7 and Acid Orange 12 are due to the closed structure
and polarity in the two dyes, while Acid Orange 10 possessing two
sulphonic acid groups has the longest retention time.
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4.3 Calibration curves
The applicability of HPLC method as an analytical technique for
determination of the studied dyes (Acid Orange7, Acid Orange 10 and
Acid Orange 12) had been tested under the optimum conditions.
The recommended conditions for HPLC determination of the three
dyes were selected and presented in Table 4.3.
Under the recommended conditions, the calibration curves were
constructed by plotting the absorbance vs. concentration of each dye.
The reproducibility of the method was checked on solutions
containing 1ppm of each dye (5 measurements each).
Calibration curve for Acid Orange 7 was linear over the range 0.05-4.0
ppm as shown in Figure 4.3.a, with detection limit of 0.03 ppm and
relative standard deviations of 3.8%.
Calibration curve for Acid Orange10 was linear over the range 0.1-4.0
ppm as shown in Figure 4.3.b with detection limit of 0.05 ppm and
relative standard deviations of 4.1%.
Calibration curve for Acid Orange12 was linear over the range 0.1-4.0
ppm as shown in Figure 4.3.c with detection limit of 0.05 ppm and
relative standard deviations of 4.2%.
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The optimum conditions for HPLC determination of the three dyes as
well as the characteristics of calibration curves are summarized in
Table 4.3
Table (4.3)
Characteristics of calibration curves and optimum conditions for
HPLC determination of Acid Orange7, Acid Orange 10, and Acid
Orange 12
Parameter

Acid Orange 7

Acid Orange 10

Acid Orange 12

60 :40

60 :40

60 :40

RP C18 coloum
125mm,5µm i.d

RP C18 coloum
125mm,5µm i.d

RP C18 coloum
125mm,5µm i.d

Flow rate ( ml min -1)

0.5

0.5

0.5

Detection wavelength
(nm)

485

477

485

Injection volume ( µL)

20

20

20

pH

7.4

7.4

7.4

Retention time (min)

2.8

4.8

3.1

Range of linearity (ppm)

0.05-4.0

0.1 -4.0

0.1 -4.0

Detection limit (ppm)

0.03

0.05

0.05

RSD (%)

3.8

4.1

4.2

Mobile phase
composition acetonitrile:
water (v/v) containing
0.45M CTAB
Separation coloum
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4.4 Samples Analysis
In order to study the behaviour of the three dyes (Acid Orange7, Acid
Orange 10, and Acid Orange 12) in sewage water, two standards of
exactly the same concentrations of each dye were prepared; the first
was dissolved in deionised water and the second in sewage water.
Both standards were injected to the HPLC and the absorbance was
measured at the corresponding retention time.
Comparison between the absorbance of dye in sewage water with that
in deionised water showed that the absorbance was less in sewage
water than that of deionised water. Results are listed in Tables 4.4.a,
4.4.b and 4.4.c for Acid Orange7, Acid Orange 10 and Acid Orange 12
respectively. The reduction in the absorbance might be due to the
hydrolysis of dyes by sewage water components of metals and
detergents.
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Table (4.4.a)
Comparison of HPLC analysis for determination of Acid Orange 7 in
sewage water and deionised water Note: (-) decreasing the peak height.
Concentrations of
dyes
0.4
0.8
2.0

Absorbance in
standard
solution (mAU)
1.64
3.21
8.15

Absorbance in
sewage water
(mAU)
1.10
1.85
4.41

%
Deviation
-32.92
-42.36
-45.88

Table (4.4.b)
Comparison of HPLC analysis for determination of Acid Orange 10
sewage water and deionised water Note: (-) decreasing the peak height.
Concentrations
of dyes
0.4
0.8
2.0

Absorbance in
standard solution
(mAU)
0.99
1.85
4.86

Absorbance in
sewage water
(mAU)
0.75
1.2
2.8

%
Deviation
-24.24
-35.13
-42.38

Table (4.4.c)
Comparison of HPLC analysis for determination of Acid Orange 12
sewage water and deionised water Note: (-) decreasing the peak height.
Concentrations
of dyes
0.4
0.8
2.0

Absorbance in
standard solution
(mAU)
0.73
1.35
3.65

Absorbance in
sewage water
(mAU)
0.51
0.91
1.86

%
Deviation
-30.14
-32.59
-49.04
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4.5 Simultaneous determination of three dyes
Quantitave determination of the three studied using HPLC method is
based on differences in retention times 2.8 min, 4.8 min, and 3.1 min
for Acid Orange 7, Acid Orange 10, and Acid Orange 12 respectively.
From the above mentioned results, quantitave determination of the
two dyes (Acid Orange 7 and Acid Orange 12) in presence of each
other is not possible due to the closed readings in retention times. But
determination of the two dyes (Acid Orange 7 and Acid Orange 10) or
(Acid Orange 10 and Acid Orange 12) in presence of each other is
possible due to significant difference in retention times. Separation of
6ppm mixture of Acid Orange 7 and Acid Orange 10 is presented in
Fig. 4.5.
However the resolution could be improved by using longer separation
coloum (i.e. 250 mm) that will allow determination of Acid Orange 7
and Acid Orange 12, in presence of each other.

75

CHAPTER FIVE
REDUCING DEGRADATION OF AZO DYES
BY ZERO VALANET IRON
IN AQUEOUS SOLUTION
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CHAPTER Five
Reducing degradation of azo dyes by zero –valent iron
in aqueous solution
The degradation kinetics of the mono azo dyes (Acid Orange 7, Acid
Orange 10, and Acid Orange 12) by zero–valent iron in aqueous solutions were studied at pH 7.4, 2g Iron powder was added to 100 ml
of 30 ppm standard solution of each dye, with shaking. At intervals,
3ml was removed and subjected to UV-VIS spectrum scanning using
the maximum visible absorption wavelengths of the tested dye,
(477nm for Acid Orange 10, 485nm for Acid Orange 7 and Acid
Orange 12). The visible absorbance of each degradation solution
decreased during the degradation process as shown in Figures 5.a, 5.b,
and 5.c, for Acid Orange7, Acid Orange 10 and Acid Orange 12,
respectively.
This might be explained by considering the breaking down of azo
bond and formation of the products of aromatic amines as shown in
Figures 5, where the azo group (-N=N-) of the dye is the basic reason
for its visible color (22).
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The degradation rates were calculated by the disappearing rates of the
dyes. The disappearing of each dye fits well with zero order reaction
with rate constants of 0.0042, 0.0015 and 0.0025 mmol/L.min and
half-lives of 10, 22 and 17min for Acid Orange7, Acid Orange 10, and
Acid Orange 12 respectively, which indicates effective degradation of
the studied azo dyes by zero–valent iron in aqueous solution.
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CHAPTER SIX
COMPARATIVE STUDY

Chapter Six
Comparative study
Comparison of the voltammetric and HPLC methods with other
published methods for quantitave determination of textile dyes
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Table (6) summarizes the results obtained for the determination of the
three studied azo dyes (Acid Orange7, Acid Orange 10, and Acid
Orange 12) using the proposed voltammetric and HPLC methods as
well as other reported methods.
It was found that the suggested methods compete well with most of
other methods in sensitivity and precision and are suitable for routine
analysis of textile dyes. The voltammetric method was found to be the
most sensitive method with the lowest detection limits and relative
standard

deviations.

These

advantages

make

the

proposed

voltammetric method based on adsorptive cathodic stripping analysis
at (HMDE), more suitable for trace determination of the three dyes
(Acid Orange7, Acid Orange 10, and Acid Orange 12)
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Table (6)
Comparison of the voltammetric and HPLC methods in present work
as well as with other published methods for determination of the three
dyes (Acid Orange7, Acid Orange 10, and Acid Orange 12).
Detection limit

Linear range

Methods

Dyes

ppm

ppm

RSD
%

Voltammetric

Acid orange7

0.002

0.0035 - 0.105

1.96

Present
work

Acid orange 10

0.005

0.009 - 0.180

2.10

Present
work

Acid orange 12

0.004

0.007- 0.140

2.15

Present
work

Acid orange 7

0.03

0.05 - 4.0

3.8

Present
work

Acid orange 7

0.01

0.02 - 0.36

Acid orange 10

0.05

0.10 - 4.0

4.1

Present
work

Acid orange 12

0.05

0.10 - 4.0

4.2

Present
work

Acid orange 12

0.02

0.04 - 0.46

-

40

-

-

HPLC

Capillary
electrophoresis

Acid orange 7

0.90

Acid orange 12

1.82

Ref.

40

39
39
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اﻟﻤﻠﺨﺺ :
ﺗﻢ ﻓﻲ هﺬا اﻟﺒﺤﺚ إﻳﺠﺎد ﻃﺮق ﺟﺪﻳﺪة ﺑﺴﻴﻄﺔ وﺣﺴﺎﺳﺔ ﻓﻲ ﺗﺤﺪﻳﺪ ﺗﺮاآﻴﺰ ﺿﺌﻴﻠﺔ ﺟﺪا ﻣﻦ ﺛﻼﺛ ﺔ أﻧ ﻮاع
ﻣ ﻦ اﻷﺻ ﺒﺎغ اﻟﺒﺮﺗﻘﺎﻟﻴ ﺔ ) (Acid Orange7, Acid Orange10, Acid Orange12ﻋ ﻦ ﻃﺮﻳ ﻖ
اﺳ ﺘﺨﺪام ﻃ ﺮﻳﻘﺘﻴﻦ ﻟﻠﺘﺤﻠﻴ ﻞ ،ﻃﺮﻳﻘ ﺔ اﻻﻧﺘ ﺰاع أﻟﻤﻬﺒﻄ ﻲ اﻟﻔ ﻮﻟﺘﻤﺘﺮي ذات اﻟﻨ ﺒﺾ اﻟﺘﻔﺎﺿ ﻠﻲ (DP-

) ،AdCSVوﻃﺮﻳﻘ ﺔ اﻟﻜﺮوﻣﻮﺗﻮﻏﺮاﻓﻴ ﺎ اﻟﺴ ﺎﺋﻠﺔ ﻋﺎﻟﻴ ﺔ اﻷداء ) . (HPLCﺧ ﻼل ه ﺬا اﻟﺒﺤ ﺚ ﺗ ﻢ
دراﺳ ﺔ ﺗ ﺄﺛﻴﺮ ﻣﺨﺘﻠ ﻒ اﻟﻌﻮاﻣ ﻞ اﻟﻤﺨﺒﺮﻳ ﺔ ﻋﻠ ﻰ ﺣﺴﺎﺳ ﻴﺔ آ ﻞ ﻣ ﻦ اﻟﻄ ﺮﻳﻘﺘﻴﻦ ﻟﻠﺘﻮﺻ ﻞ إﻟ ﻰ أﻓﻀ ﻞ
اﻟﻈﺮوف ﻻﻋﺘﻤﺎدهﺎ ﻓﻲ ﻋﻤﻠﻴﺔ اﻟﺘﺤﻠﻴﻞ .
ﻓﻄﺮﻳﻘﺔ اﻻﻧﺘﺰاع أﻟﻤﻬﺒﻄ ﻲ اﻟﻔ ﻮﻟﺘﻤﺘﺮي اﻋﺘﻤ ﺪت ﻋﻠ ﻰ اﺧﺘ ﺰال اﻷﺻ ﺒﺎغ ﻋﻠ ﻰ ﻣﻬ ﺒﻂ اﻟﺰﺋﺒ ﻖ اﻟﻤﻌﻠ ﻖ
وﻣﻦ ﺛﻢ ﻗﻴﺎس ﻓﺮق اﻟﺠﻬﺪ .ﻟﻘﺪ ﺗﻤﺖ دراﺳﺔ اﻟﻈﺮوف اﻟﻨﻤﻮذﺟﻴﺔ ﻣﻦ ﺣﻴ ﺚ درﺟ ﺔ اﻟﺤﻤﻮﺿ ﺔ ،اﻟﺠﻬ ﺪ
اﻟﺘﺠﻤﻴﻌ ﻲ ،اﻟﻮﻗ ﺖ اﻟﺘﺠﻤﻴﻌ ﻲ اﻟ ﻼزم و ﻏﻴﺮه ﺎ ﻣ ﻦ اﻟﻤﺘﻐﻴ ﺮات اﻟﺘ ﻲ ﺗ ﻢ اﺳﺘﺨﺪاﻣ ـﻬﺎ ﻟـﻠﺘـﻮﺻ ـﻞ إﻟ ﻰ
ﻣﻨﺤﻨﻰ ﻗﻴﺎﺳﻲ ذو ﻋﻼﻗﺔ ﺧﻄﻴـﺔ ﻣﺤـﺼﻮرة ﺑﻴﻦ:
] ، [(0.004-0.105) mgL-1, (0.009-0.180) mgL-1, (0.007-0.140) mgL-1وﺑﺪرﺟ ﺔ
اﻧﺤﺮاف ﻣﻌـﻴﺎري ﻧﺴﺒﻲ:
) (1.96%, 2.10% 2.15 %ﻟﻸﺻﺒﺎغ اﻟﺒﺮﺗﻘﺎﻟﻴﺔ:
) (Acid Orange7, Acid Orange10, Acid Orange12ﻋﻠﻰ اﻟﺘﻮاﻟﻲ.
أﻣﺎ ﻃﺮﻳﻘﺔ اﻟﻜﺮو ﻣﻮﺗﻮﻏﺮاﻓﻴﺎ اﻟﺴﺎﺋﻠﺔ ﻋﺎﻟﻴﺔ اﻷداء )  (HPLCﻓﻠﻘ ﺪ ﺗ ﻢ ﺗﻄﺒﻴﻘﻬ ﺎ ﺑﺎﺳ ﺘﺨﺪام اﻟﻈ ﺮوف
اﻟﻨﻤﻮذﺟﻴﺔ.
وﻗ ﺪ ﺗﺒ ﻴﻦ أن أﻋﻠ ﻰ اﻣﺘﺼ ﺎص ﻟﻬ ﺬﻩ اﻷﺻ ﺒﺎغ اﻟﺒﺮﺗﻘﺎﻟﻴ ﺔ ﻋﻨ ﺪ ﻃ ﻮل ﻣﻮﺟ ﺔ
) (485nm,477nm,485nmو آ ﺎن اﻟ ﺰﻣﻦ اﻟ ﺬي ﺗﺴ ﺘﻐﺮﻗﻪ ه ﺬﻩ اﻷﺻ ﺒﺎغ ﻟﻼﻧﺘﻘ ﺎل ﻋﺒ ﺮ ﻋﻤ ﻮد
اﻟﻔﺼﻞ ) (2.8 min, 4.8 min, 3.1 minﻟﻼﺻﺒﺎغ اﻟﺒﺮﺗﻘﺎﻟﻴﺔ :
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) (acid orange7, acid orange10, acid orange12ﻋﻠﻰ اﻟﺘﻮاﻟﻲ .
ﺑﺎﺳﺘﺨﺪام اﻟﻈﺮوف اﻟﻨﻤﻮذﺟﻴﺔ ﺗـﻢ اﻟـﺘـﻮﺻـﻞ إﻟـﻰ ﻣـﻨﺤـﻨـﻰ ﻗـﻴـﺎﺳ ـﻲ ذو ﻋـﻼﻗ ـﺔ ﺧﻄـﻴ ـﺔ ﻣـﺤﺼ ـﻮرة
ﻣـﺎ ﺑﻴـﻦ:

( 0.05- 4.00) mgL-1, (0.10- 4.00) mgL-1, (0.10- 4.00) mgL-1

وﺑﺪرﺟﺔ اﻧﺤﺮاف ﻣﻌﻴﺎري ﻳﺴﺎوي:
) (3.8%, 4.1% , %, 4.2%ﻟﻼﺻﺒﺎغ اﻟﺒﺮﺗﻘﺎﻟﻴﺔ:
)(Acid Orange7, Acid Orange10, Acid Orange12ﻋﻠﻰ اﻟﺘﻮاﻟﻲ .
اﻳﻀﺎ ﻟﻘﺪ ﺗﻢ دراﺳﺔ ﺗﻔﻜﻚ اﻷﺻﺒﺎغ اﻟﻤﺬآﻮرة ﺑﺎﺳ ﺘﺨﺪام ﻣﺴ ﺤﻮق ﻣﻌ ﺪن اﻟﺤﺪﻳ ﺪ ﻓ ﻲ ﻣﺤﻠ ﻮل ﺳ ﺎﺋﻞ و
ﻟﻘ ﺪ وﺟ ﺪ ان ﻣﻌ ﺪل ﺗﻔﻜ ﻚ اﻻﺻ ﺒﺎغ ﻓﻌ ﺎ ُﻻ  ،ﺣﻴ ﺚ ﺣﺼ ﻞ اﻧﺨﻔ ﺎض ﻓ ﻲ ﻣﻌ ﺪل اﻻﻣﺘﺼ ﺎص اﻟﻀ ﻮﺋﻲ
ﻟﻸﺻ ﺒﺎغ اﻟﻤﻔﻜﻜ ﺔ ﺑﺴ ﺒﺐ آﺴ ﺮ اﻟﺮاﺑﻄ ﺔ و إﻧﺘ ﺎج اﻟﻤﺮآﺒ ﺎت اﻷﻣﻴﻨﻴ ﺔ اﻟﺘ ﻲ ﻳﺴ ﻬﻞ ﺗﻔﻜﻜﻬ ﺎ ﺑﻮاﺳ ﻄﺔ
اﻟﻜﺎﺋﻨﺎت اﻟﺤﻴﺔ اﻟﺪﻗﻴﻘﺔ ﻓﻲ اﻟﻄﺒﻴﻌﺔ.
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