
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Development of a Method for Chromium Speciation by Selective Solid
Phase Extraction and Preconcentration on Alumina-Functionalized
Thiosemicarbazide
Mohamed E. Mahmouda; Amr A. Yakoutb; Somia B. Ahmedb; Maher M. Osmanb

a Medical Chemistry Department, Faculty of Medicine, King Abdullaziz University, Jeddah, KSA b

Chemistry Department, Faculty of Sciences, Alexandria University, Alexandria, Egypt

To cite this Article Mahmoud, Mohamed E. , Yakout, Amr A. , Ahmed, Somia B. and Osman, Maher M.(2008)
'Development of a Method for Chromium Speciation by Selective Solid Phase Extraction and Preconcentration on
Alumina-Functionalized Thiosemicarbazide', Journal of Liquid Chromatography & Related Technologies, 31: 16, 2475 —
2492
To link to this Article: DOI: 10.1080/10826070802319750
URL: http://dx.doi.org/10.1080/10826070802319750

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826070802319750
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Journal of Liquid Chromatography & Related Technologies®, 31: 2475–2492, 2008
Copyright © Taylor & Francis Group, LLC
ISSN: 1082-6076 print/1520-572X online
DOI: 10.1080/10826070802319750

Development of a Method for Chromium Speciation
by Selective Solid Phase Extraction and

Preconcentration on Alumina-Functionalized
Thiosemicarbazide

Mohamed E. Mahmoud,1 Amr A. Yakout,2

Somia B. Ahmed,2 and Maher M. Osman2

1Medical Chemistry Department, Faculty of Medicine,
King Abdullaziz University, Jeddah, KSA

2Chemistry Department, Faculty of Sciences, Alexandria University,
Alexandria, Egypt

Abstract: A speciation method is developed for Cr(III) and Cr(VI) at selected
medium pH range via solid phase extraction on three designed and synthesized
chelating inorganic solid sorbents based on adsorption of thiosemicarbazide,
as the nitrogen and sulfur containing chelating compound, on alumina surface
[Al-TSC (I–III)]. The influence of various parameters including medium pH, time
of contact, and interference of matrix and coexistent elements on the speciation and
selective extraction processes of chromium species are studied and evaluated on the
basis of determination of the metal adsorption capacity, distribution coefficient,
and separation factor. Quantitative recovery of Cr(VI) was accomplished by
[Al-TSC (I–III)] at pH = 1.0, while Cr(III) was found to be recovered on these
sorbents at pH = 7.0 with minimal or no interference between these two
species under the studied buffering conditions. The proposed method has been
successfully applied for speciation, selective extraction, and preconcentration of
Cr(III) and Cr(VI) in water samples with a preconcentration factor of 200.
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2476 M. E. Mahmoud et al.

INTRODUCTION

Heavy metals and their species are the most dangerous and effective
water pollutants due to their acute carcinogenicity and toxicity. Some
of these metal species are characterized by their poisonous cumulative
capabilities in organisms’ tissues leading to adverse physiological
effects.�1� In addition, trace heavy metals are well recognized for their
direct and negative impact on the human health and ecological system.�2�

It has been reported that the same heavy metal may be characterized
by possessing different degrees of toxicity based on its various existing
oxidation states, and generally the biological impact of heavy metals
is mainly dependent on their chemical forms or species rather than
total concentration of the element.�3� Therefore, metal speciation studies
must be designed and established to identify and determine the actual
concentration of each species. Metal speciation is usually defined in
terms of experimental and procedural identification and quantification
processes of different species, forms, or phases already existing in the
matrix of interest.�4� Metal speciation may be also defined on the
basis of species functionality, operational extraction, and specificity of
components that are related to the oxidation states of the metal.�5� This
speciation technique is highly demanded for some heavy metals such
as mercury, arsenic, and chromium, as well as others owing to the
fact that certain oxidation states of some metals are highly toxic to
humans and associated with sever health problems, while other species
are less toxic or even considered as essential trace elements.�6� Generally,
chromium represents a typical example of an element forming species
with different oxidation states that show opposite levels of toxicity to the
environments, as well as humans, animals, and plants.�7� Chromium(VI)
is highly soluble in water and the major toxicity effects of Cr(VI) are
well documented.�8� It has been also reported that Cr(VI) compounds
and species are approximately 100 times more toxic than Cr(III) salts
due to the high oxidation potential and the ease of penetration into
biological membranes.�9� On the other hand, trivalent chromium is the
chemical species of naturally occurring chromium known as an essential
trace element for metabolic processes including enzymes, proteins, and
nucleic acids, as well as for proper metabolism of carbohydrates, lipids,
and proteins.�10� The chemical industries, metallurgical, electroplating,
pigments, tanning industries, oxidative dying, and cooling water towers
are the major industrial sources for extensive uses and applications of
chromium. These industrial activities are considered to be the major
reasons for release of chromium species to numerous sites including
drinking water supply systems. Therefore, both valence chromium forms
in environmental samples have taken an important role in the analytical
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chemistry and due to these factors, accurate and facile speciation of these
chromium forms must be established.�11,12�

Speciation of nanogram per milliliter levels or lower of chromium
species must be started by an extraction procedure of one specific form as
the initial step, followed by a preconcentration step. The final speciation
procedures demand an instrumental analysis and determination of the
isolated species. Various isolation and preconcentration procedures are
recently reported, and these are mainly based on coprecipitation,�13�

liquid–liquid extraction,�14� sorption,�15� ion-exchange,�16� electro-
analytical techniques,�17� chelating sorbents, and solid phase extractors
and preconcentrators.�18–20� These experimental procedures are critical
in speciation analysis of real samples, because it strongly affect both
the qualitative and quantitative evaluation of the collected data and
a little agreement is reported between authors on the best choice of
extraction technique.�21� Solid phase extraction and preconcentration
techniques, based on designing and utilization of solid phases chemically
or physically loaded chelating organic compounds, are now widely used
and applied for speciation, separation, and preconcentration of trace
constituents from various environmental matrices and natural water
systems, due to their high separation efficiency, good kinetics, excellent
reproducibility, and high sensitivity.�22–25� Several reports were recently
published for determination and speciation of chromium in different
samples and most of these methods are based on modified organic
solid phases or resins.�26–29� These organic solid phase extractors and
preconcentrators are experienced with some disadvantages if compared
to inorganic modified solid phases such as alumina or silica.�30–35�

In this present work, we have successfully designed new stable
chelating sorbents based on the immobilization of thiosemicarbazide on
the surface of three alumina types. As a result, we have obtained three
new sulfur and nitrogen containing chelating solid phases characterized
with excellent selectivity parameters for chromium speciation via
selective separation, extraction, and preconcentration in various water
samples for the sake of satisfying the strong and growing needs for
accurate and real determinations of Cr(III) and Cr(VI) species in their
matrices separately, rather than total chromium content.

EXPERIMENTAL

Instrumentation

A Perkin–Elmer flame spectrophotometer model 2380 was used for
metal analysis and determination. The concentration of chromium
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2478 M. E. Mahmoud et al.

(VI) and total chromium was determined by Hach digital UV-
Vis spectrophotometer, model DR/2010 at � = 540nm. The pH
measurement of metal ions and buffer solutions were carried out
by an Orion 420A pH meter calibrated against potassium hydrogen
phthalate at pH = 4.008. IR spectra of the active alumina and its
modified phases were recorded from KBr pellets by using a Perkin–Elmer
spectrophotometer, model 1430.

The electron impact mass spectra of active alumina,
thiosemicarbazide, and modified alumina phases [Al-TSC (I–III)] were
carried out by using a Varion MAT 212 mass spectrometer equipped
with a direct insertion probe (DIP) in the Institute for Inorganic and
Analytical Chemistry, Münster University, Germany.

Materials and Reagents

Thiosemicarbazide was purchased from Aldrich Chemical Company,
USA and used as received. Three alumina types of analytical grade
were used in this work (150 mesh size and 58Å pore diameter) and
purchased from Aldrich Chemical Company, USA. The pH values of
aqueous suspensions of these three alumina phases were found to have
pH ∼ 6�0± 0�5, 7�0± 0�5, and 9�0± 0�5 for acidic, neutral, and basic
alumina, respectively. The metal salts are all of analytical grade and
purchased from Aldrich Chemical Company, USA and BDH limited,
Poole, England.

Synthesis of Alumina Phases Physically Adsorbed-Thiosemicarbazide

Alumina phases physically adsorbed thiosemicarbazide were synthesized
according to the following procedure. A sample of 10± 0�1g
alumina, either acidic, neutral, or basic, was added to a solution of
thiosemicarbazone (0.91g, 10.0mmol in 50mL of ethyl alcohol). The
reaction mixture was stirred for six hours and the newly modified
[Al-TSC (I–III)] phases were filtered, washed with 50mL ethyl alcohol,
and finally, with 50mL of diethyl ether, and allowed to dry in an oven
adjusted to 60�C for eight hours.

Stability of [Al-TSC (I–III)] in Different Acidic Solutions

A sample of alumina phase (0.5g) was mixed with 50mL of different
buffer solutions (pH 1–7) in a 100mL volumetric flask and automatically
shaken for one hour. The buffered alumina phase was filtered, washed
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with a 50mL portion of the same pH solution, followed by doubly
distilled water (DDW), and dried at 70�C. A sample of buffered alumina
phase, 25�0± 1mg, was then added to a solution containing 9.0mL
of buffer solution (pH = 6�0) and 1.0mL of 0.1M-Cu(II) solution,
and this mixture was then shaken for 30 minutes by an automatic
shaker. The percentage of hydrolysis of alumina phases [Al-TSC (I–III)]
in different buffer solutions was determined from the metal uptake
of Cu(II).

Determination of Surface Coverage

Thermal desorption method was used to determine the surface coverage
values of alumina phases [Al-TSC (I–III)]. In this method, a sample of
dry alumina phase (100± 1mg) was ignited in a furnace at 550�C for
one hour and left to cool down at 70�C. The sample was transferred
to a desiccator and left to reach room temperature. The weight loss of
thiosemicarbazide was determined by the difference in the sample masses
before and after thermal desorption process. Blank samples of alumina
phases were also subjected to the same procedure.

Determination of the Metal Adsorption Capacity

The metal adsorption capacity values (�molg−1� of the modified
alumina phases for the extraction of different metal ions in various
buffer solutions were determined in triplicate by the batch equilibrium
technique. In this method, 50± 1mg of dry phase was added to a
mixture containing 1.0mL of 0.1M metal ion solution and 9.0mL of the
selected buffer solution into a 50mL measuring flask. These were then
shaken at room temperature for 30 minutes by an automatic shaker. The
mixture was filtered and washed with 100mL of DDW. The unbounded
metal ion was determined by atomic absorption spectrophotometric
analysis and/or complexometric EDTA titration.

The effect of shaking time intervals (1, 5, 10, 15, 20, 25, and 30
minutes) on the values of metal capacity and the percentage extraction
of Cu(II) was also studied for some selected metal ions by the batch
equilibrium technique according to the following procedure. A sample
of dry alumina phase (50± 1mg) was added to a mixture containing
1.0mL of 0.1M of Cr(III) and 9.0mL of the selected buffer solution. The
reaction mixture was then shaken by an automatic shaker for the selected
time, filtered, washed with 100mL DDW, and the unextracted metal ion
was determined by flame atomic adsorption analysis.
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Determination of the Distribution Coefficient

A solution containing 1.0�gmL−1 of each tested metal ion was prepared
and determined by flame atomic absorption spectrophotometry. Alumina
phase (50± 1mg) was mixed with 50mL of this metal ion solution in
a 100mL measuring flask. The mixture was shaken for one hour by
an automatic shaker, the solid phase was filtered, and the filtrate was
subjected to atomic absorption analysis. Standard and blank metal ion
solutions were also prepared and measured.

Applications of [Al-2PC-TSC (I–III)]

Speciation and percent extraction of Cr(III) and Cr(VI) from
a (1:1) mixture

A 2.0L sample of Alexandria drinking tap water was spiked to a
concentration of ∼1.0�gmL−1 each of Cr(III) and Cr(VI). A 1.0 L
of this water sample was adjusted to a pH 1.0 and passed over a
micro column each packed with 100mg of modified alumina phases
[Al-TSC (I–III)] with a flow rate of 10mLmin−1. The eluent solution
was subjected to atomic absorption analysis and spectrophotometric
determination of chromium species at � = 540nm. Another 1.0L of this
water sample was adjusted to a pH 7.0 and passed over a micro column
each packed with 100mg of modified alumina phases [Al-TSC (I–III)],
with a flow rate of 10mLmin−1. The eluent solution was subjected to the
same analysis and determination procedures.

Selective extraction, preconcentration, and speciation of chromium in
sea water samples

Speciation of chromium, selective extraction, and preconcentration of
chromium species were performed according to the following procedures.
A 1.0L sample of sea water was spiked with ∼5.0ngmL−1 of Cr(VI),
adjusted to a pH 1.0, and passed over a preconcentration microcolumn
packed with 100mg of the modified alumina phases [Al-TSC (I–III)],
with a flow rate of 10mLmin−1 under air pressure. The adsorbed
chromium species was eluted by 5.0mL of concentrated HNO3 as a
preconcentration reagent and subjected to analysis by atomic absorption
spectrophotometry and UV-Vis spectrophotometry.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Development of a Method for Chromium Speciation 2481

RESULTS AND DISCUSSION

Characterization and Surface Coverage

Alumina phases, chemically or physically loaded organic compounds,
can be tested for surface modification as well as thermal stability via
their analysis by the mass spectrometric technique under electron impact
ionization, with a heating range reaching 300�C in a way similar to
that described and known for pyrolysis of polymer compounds by
mass spectrometric technique. Alumina phases [Al-TSC (I–III)] were
studied by the direct insertion probe under 70-eV EI-MS as previously
reported.�36� The mass spectrum of thiosemicarbazide was found to
exhibit the molecular ion peak as the base peak at m/z 91 (100%).
In addition, two other peaks for fragment ions at m/z 60 (30%) and
at m/z 44 (8%) are detected and corresponding to [CSNH2�

+ and
[CS]+• fragment ions, respectively. The 70-eV EI–MS–DIP spectrum of
acidic alumina—physically adsorbed—thiosemicarbazide [Al-TSC (I)],
was found to exhibit few fragment ions at m/z 18, 44, and 60
corresponding to [H2O]+•, [CS]+•, and [CSNH2]

+, respectively. The other
fragments ions are of low relative abundance and this trend is expected,
owing to the low percentage value of immobilized thiosemicarbazide
on the surface of acidic alumina (4.3%), which is calculated from the
surface coverage of alumina phase [Al-TSC (I)]. The same trend and
observations were identified and outlined from the 70-eV EI–MS–DIP
spectra of modified neutral alumina phase [Al-TSC (II)] and basic
alumina phase [Al-TSC (III)] concerning low relative abundance of the
fragment ions due to the calculated surface coverage percentage values,
which were found as 6.4% and 5.8%, respectively,�36� as given in Table 1.

The thermal desorption method�37� was used to determine the surface
coverage of modified alumina phases [Al-TSC (I–III)]. In this method,
alumina phases are heated at high temperatures in the range ∼500–600�C
and the obtained residue corresponds to the stable alumina matrix, which
can then be used to calculate the surface coverage values expressed in
mmolg−1 and percentage as listed in Table 1.

Table 1. Surface coverage values of alumina phases [Al-TSC (I–III)]

Thermal desorption

Alumina phase mmolg−1 Coverage (%)

[Al-TSC (I)] 0.472 (4.3)
[Al-TSC (II)] 0.703 (6.4)
[Al-TSC (III)] 0.636 (5.8)
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2482 M. E. Mahmoud et al.

Stability of Surface Modified Alumina Phases [Al-TSC (I–III)]

The possible leaching and/or hydrolysis degree of the organic modifier
from the surface of modified alumina phases [Al-TSC (I–III)] were tested
in different buffer solutions (pH = 1–7) to identify their stability. The
treated alumina phases were then used to determine the �molg−1 of
adsorbed Cu(II) and the determined �molg−1 values of the hydrolyzed
alumina phases were compared with those of the unhydrolyzed one to
calculate the percentage of stability for each modified alumina phase
in the tested solutions. Table 2 shows the results obtained for the
stability towards hydrolysis and/or leaching process of the modified
alumina phases [Al-TSC (I–III)]. It is evident that [Al-2PC-TSC (I)] and
[Al-TSC (II)] are highly stable toward leaching or hydrolysis over the
entire studied pH-range, judging from the percentage hydrolysis values
of these two phases (96.0–97.0% and 95.0–96.0%), respectively, as listed
in Table 2. In addition, modified basic alumina phase [Al-TSC (III)] was
found to be completely and highly stable in buffer solutions with pH
values equal 7.0 and 1.0. However, [Al-TSC (III)] was found to be less
stable in the other studied pH-range 2–6, as given in Table 2.

The Metal Capacity Values

A series of metal ions was selected, viz. Mg(II), Ca(II), Mn(II), Fe(III),
Co(II), Ni(II), Cd(II), Zn(II), Pb(II), Hg(II), Cu(II), Cr(III), and Cr(VI)
to study and evaluate the metal adsorption and extraction processes by
newly modified alumina phases [Al-TSC (I–III)]. This study is highly
dependent on the medium pH, as well as the time of contact between
the tested metal ion and solid sorbent. The influence of medium pH was
examined for this series of metal ions by alumina phases [Al-TSC (I–III)]
in various solutions of pH 1–7. However, buffer solutions in the basic
range were excluded due to possible precipitation of most metal ions

Table 2. Stability of modified alumina phases [Al-TSC (I–III)]

Stability in �molg−1 Percentage stability

pH pH (%)

Phase 1.0 2.0 3.0 4.0 5.0 6.0 7.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

I 600 600 595 600 600 600 600 97 97 96 97 97 97 97
II 577 577 577 570 570 570 576 96 96 96 95 95 95 96
III 550 510 499 495 493 510 580 95 88 86 85 85 88 100
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Table 3. Maximum metal capacity values under optimum buffering conditions

Max. �molg−1 (pH)

Metal ion Al-2PC-TSC (I) Al-2PC-TSC (II) Al-2PC-TSC (III)

Mg(II) 10 (7) 20 (7) 10 (7)
Ca(II) 20 (7) 10 (7) 10 (7)
Mn(II) 20 (7) 30 (7) 10 (7)
Fe(III) 340 (4) 330 (4) 340 (4)
Co(II) 10 (7) 10 (7) 10 (7)
Ni(II) 120 (6, 7) 120 (6, 7) 240 (6, 7)
Cu(II) 620 (7) 600 (7) 580 (7)
Zn(II) 60 (7) 80 (7) 120 (7)
Cd(II) 80 (7) 80 (7) 80 (7)
Hg(II) 160 (7) 200 (7) 320 (7)
Pb(II) 240 (6) 240 (6) 230 (5, 6)
Cr(III) 740 (7) 700 (7) 740 (7)
Cr(VI) 300 (1) 100 (1,2) 200 (1)

under these buffering conditions. The maximum metal capacity values
(�molg−1� at the optimum pH-range are listed in Table 3.

For further confirmation of the effect of medium pH on the process
of determination and speciation of chromium species, a comparison
of the metal capacity for a mixture of Cr(III) and Cr(VI) in different
buffer solutions, pH 1–7, was performed and the results are compiled
in Table 4. The collected results of this study clearly refer to the strong
affinity of modified alumina phases [Al-TSC (I–III)] toward selective
binding and extraction of Cr(VI) from buffer solutions in the pH
range 1.0–2.0. Maximum �molg−1 metal uptake values of Cr(VI) were
obtained for the three studied alumina phases [Al-TSC (I–III)] in the

Table 4. The influence of medium pH on the speciation adsorption capacity of
Cr(III) and Cr(VI)

[Al-TSC (I)] [Al-TSC (II)] [Al-TSC (III)]

pH Cr(III) Cr(VI) Cr(III) Cr(VI) Cr(III) Cr(VI)

1 0 300 0 100 0 200
2 0 200 0 100 0 100
3 20 200 100 0 20 0
4 70 100 100 0 50 0
5 440 100 460 0 460 0
6 500 0 520 0 550 0
7 740 0 700 0 740 0
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2484 M. E. Mahmoud et al.

buffer solution; pH = 1.0. Cr(III) was found to be highly extracted at
higher pH buffer solutions (pH 5–7) leading to a reverse order and
behavior as shown by Figure 1, as a representative for such opposite
behavior. Thus, one can easily conclude from the results of this study
that possible separation and speciation of Cr(III) and Cr(VI) can
experimentally be accomplished by selecting the appropriate pH value
of these two species.

The influence of contact time between the tested metal ion and
the modified alumina phase on the metal adsorption capacity values
was studied and evaluated for Cr(III) as the highest extracted metal
ion by the three alumina phases [Al-TSC (I–III)]. This study is very
important to identify the possible rapidness of binding process between
the two interacting species, metal ion and modified solid phases. Figure 2
represents the adsorption capacity of Cr(III) versus time by the three
newly alumina phases [Al-TSC (I–III)]. Figure 2 clearly refers to the
high similarity between the studied alumina phases in their percentage
extraction and binding processes with Cr(III).

Evaluation of the Distribution Coefficient Values

Evaluation of the capability of modified alumina phases for selective
extraction of various metal ions from aqueous and organic solutions
can be explored on the basis of distribution coefficients �Kd�
determination.�38� The obtained results can be then used to provide a
possible discrimination order between the various interfering metal ions.
This method can be successfully applied for very low concentration
ranges of metal ion, part per million (ppm) or part per billion (ppb).

Figure 1. Speciation of Cr(III) and Cr(VI) in various buffer solutions by
[Al-TSC (I)].
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Figure 2. Effect of shaking time on the adsorption capacity values of Cr(III)
by [Al-TSC (I–III)].

Evaluation of the distribution coefficient can lead to a more detailed
series of values, which assists in further evaluation of the metal uptake
trends as well as the selectivity incorporated into modified alumina
phase. The Kd value is determined from the following equation:

Kd�mLg−1 = Ci�ex��g g
−1�

Ci�sol��gml−1�

Table 5 compiles logKd values for a series of tested metal ions
by [Al-TSC (I–III)]. It is evident from the listed values that [Al-TSC
(II)] and [Al-TSC (III)] are highly selective for Cr(III) judging from
their determined logKd values as 3.90 and 4.20 for the two phases,
respectively. Cd(II) and Fe(III) were found to be the second and third

Table 5. Log Kd-values of metal ions determined by [Al-TSC (I-III)]

Metal ions [Al-TSC (I)] [Al-TSC (II)] [Al-TSC (III)]

Ca(II) 1.00 2.00 2.11
Mg(II) 2.33 2.68 2.47
Mn(II) 1.00 1.00 2.91
Zn(II) 1.73 2.60 2.80
Ni(II) 1.00 3.27 2.82
Pb(II) 1.00 2.52 2.04
Co(II) 1.00 3.08 3.21
Fe(III) 3.98 3.27 3.42
Cu(II) 2.60 3.16 3.35
Cd(II) 3.25 3.55 3.75
Cr(III) 3.00 3.90 4.20
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highest extracted metal ions by these two phases. [Al-TSC (I)] phase was
found to exhibit its highest selectivity toward Fe(III), Cd(II), and Cr(III),
providing Kd values of 3.98, 3.25, and 3.00, respectively. These values
are pointing out to the role and selectivity incorporated into modified
alumina phases for extraction and binding with Cr(III), as well as other
heavy metal ions. Finally, the increasing orders of logKd values for
tested metal ions by modified alumina phases can be outlined in the
following orders:

[Al-TSC (I)]: LogKd: Ca(II), Mn(II), Co(II), Ni(II), Pb(II) <
Zn(II) < Mg(II) < Cu(II) < Cr(III) < Cd(II) < Fe(III)

[Al-TSC (II)]: LogKd: Mn(II) < Ca(II) < Pb(II) < Zn(II) <
Mg(II) < Co(II) < Cu(II) < Ni(II) < Fe(III) < Cd(II) < Cr(III).

[Al-TSC (I-III)]: LogKd: Pb(II) < Ca(II) < Mg(II) < Zn(II) <
Ni(II) < Mn(II) < Co(II) < Cu(II) < Fe(III) < Cd(II) < Cr(III).

The incorporated selectivity into newly modified alumina phases
[Al-2PC-TSC (I–III)] can also be evaluated and expressed in terms of the
separation factor 	, which can be derived from the measurements under
static or dynamic condition. The separation factor (	A/B�

�38� of any two
metal cations A and B is calculated from the distribution coefficients
Kd�A� and Kd�B�, respectively, as given in the following equation:

	�A/B� =
Kd�A�

Kd�B�

The separation factors of Cr(III) versus other interfering metal ions
are calculated for the three newly modified alumina phases [Al-TSC
(I–III)]. A representation of these values is shown in Figure 3 for
modified alumina phases [Al-TSC (III)]. It is evident that excellent
separation factors for Cr(III) are attained by the studied alumina phases
with no or minimum interference of most metal ions.

Applications of [Al-TSC (I–III)]

Speciation and Selective Solid Phase Extraction of Cr(III) from
Water Samples

Table 6 summarizes the results of microcolumn applications for selective
extraction and speciation of Cr(VI) and Cr(III) in Alexandria drinking
tap water samples containing equal concentrations of both species by
adjusting a sample of water to the optimum pH = 1 for selective
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Figure 3. Separation factors of Cr(III) versus other interfering metal ions by
alumina phase [Al-TSC (III)].

extraction of Cr(VI), and another sample to a pH = 7 for removal of
Cr(III). It is evident from the results compiled in Table 6 of excellent
recovery of Cr(VI) and Cr(III) by the three newly modified alumina
phases [Al-TSC (I–III)] under the applied experimental buffering
conditions. Non detected interference was identified in the process of
Cr(III)/Cr(VI) speciation, judging from the results outlined in Table 6.

Speciation of Chromium via Selective Solid Phase Extraction

The ability of modified alumina phases [Al-TSC (I–III)] to selectively
extract and preconcentrate Cr(VI) species from interfering metal ions

Table 6. Speciation and percent extraction of Cr(III) and Cr(VI) from
Alexandria tap water

Mass of Adjusted
Spiked (�gmL−1) Percent extraction (%)

Phase alumina pH Cr(III) Cr(VI) Cr(III) Cr(VI)

[Al-TSC (I)] 100mg 1.0 1.00 1.00 0.00 100.0
[Al-TSC (I)] 100mg 7.0 1.00 1.00 100.0 0.00
[Al-TSC (II)] 100mg 1.0 1.00 1.00 0.00 100.0
[Al-TSC (II)] 100mg 7.0 1.00 1.00 100.0 0.00
[Al-TSC (III)] 100mg 1.0 1.00 1.00 0.00 100
[Al-TSC (III)] 100mg 7.0 1.00 1.00 100.0 0.00

Values are based on triplicate analysis.
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and organic matters was studied as the final step to explore the potential
applications of alumina phases [Al-TSC (I–III)] for direct speciation
of Cr(VI) from sea water samples. The tested sea water samples were
adjusted to a pH = 1.0 and passed over a microcolumn packed with
the examined alumina phase. Concentrated nitric acid was used as a
preconcentrating reagent with a preconcentration factor of 200. The
results of atomic absorption analysis and UV-Vis spectrophotometric
determination are listed in Table 7. The percentage recovery values
of Cr(VI)-speciation were found to be 93�9± 2�0%, 96�7± 2�0%, and
103�4± 3�0%, as determined by [Al-TSC (I)], [Al-TSC (II)] and [Al-TSC
(III)], respectively. It is also evident from this study that no, or minimum
interference and contribution of the sea water matrix caused by dissolved
metal ions or organic matters in the process of Cr(VI)-speciation judging
from the percentage recovery values.

CONCLUSION

The newly designed chelating alumina phases were found to be highly
stable in buffer solutions, pH 1.0 and 7.0, and successfully applied
for chromium speciation, preconcentration, and selective extraction
by simply controlling and tuning the medium pH value. Cr(III) was
completely extracted at pH 7.0 via possible chelation with the N
and S donor atoms containing thiosemicarbazide, while Cr(VI) was
quantitatively sorbed at pH 1.0. The presented method was potentially
applied for the speciation of chromium in real water samples without
matrix interference.
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