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Abstract The article describes a magnetic metal-organic
framework (MOF) of the type MIL-101(Fe)/2-(propylamino-
ethyl) dithiocarbamate on the surface of magnetite nanoparti-
cles. The MOF is shown to be a viable material for speciation
analysis of Cr(IIl) and Cr(VI) because it shows selectivity for
Cr(VI) at pH values around 2.0, while at pH values around 5
both Cr(IIl) and Cr(VI) species are sorbed. Hence, preoxidation
or reduction treatments are not needed. After optimization of
the extraction conditions, chromium was quantified by ET-
AAS. Feature of the determination of Cr(VI) include (a) a
1.0 ng L™" limit of detection, (b) a linear analytical range that
extends from 3 to 300 ng L', and (¢) a relative standard devi-
ation of 6.4%. The respective values for total chromium are
1.5ngL ™", 410325 ng L™" and 7.5%, respectively. The method
was validated by analyzing two certified reference materials. It
also was successfully employed to the rapid extraction and
speciation of Cr(Ill) and Cr(VI) in (spiked) water samples and
of total chromium in tea samples.

Keywords Speciation analysis -
2-(Propylamino-ethyl)dithiocarbamate - Metal-organic
framework - Water and tea samples - Scanning electron
microscopy - Transition electron microscopy - Vibrating
sample magnetometry - Nanosorbent - Reference material
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Introduction

Metal-organic frameworks (MOFs) or porous coordination
polymers are a new type of porous crystalline materials which
assembled via bonding of organic bridging ligands with metal
centers [1]. Owing to their unique structural diversity and
excellent properties, MOFs have attracted considerable atten-
tion in the analytical chemistry and have been early investi-
gated as excellent sorbents for the analysis of various environ-
mental pollutants such as polybrominated diphenyl ethers [1],
pesticides [2], polycyclic aromatic hydrocarbons [3], parabens
[4], plasticizers [5] and heavy metal ions [6—10]. MOF's can be
employed as ideal sorbents owing to their unique properties
such as very high surface areas, flexible and highly porous
structure and great diversity in surface functionalization [11].
These unique properties make the MOFs excellent sorbents in
extraction and preconcentration of various analytes.
Environmental pollution character of heavy metals and met-
alloids has attracted great attention owing to their high toxicity.
Heavy metals have a high tendency to form complexes with
various compounds, particularly biological ligands containing
nitrogen, sulfur, and oxygen atoms [12]. The complex forma-
tion can resulted to changes in the molecular conformation of
proteins, enzymes inhibition and hydrogen bonds breaking.
One of these heavy metals is chromium. The toxicity of chro-
mium is related to its oxidation states. Two dominant oxidation
states of chromium in the environment are Cr(IIT) and Cr(VI)
[13]. These two species have very different properties. In one
hand, Cr(IIl) is considered as an essential element in organisms
[14, 15] for the maintenance of glucose, lipid and protein me-
tabolism [16]. The role of insulin hormone, which controls the
blood sugar levels, is depends to Cr(III) [17]. Besides, Cr(III)
compounds are slightly soluble except in cases where complex
formation is occurred [18]. On the other hand, Cr(VI) species
such as CrO,%", HCrO,* and Cr,0,> are highly toxic and
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hazardous to human and other mammals due to their adverse
effect on various organisms such as lung, liver and kidney.
These species are categorized as carcinogenic agents even at
very low levels [19, 20]. Moreover, Cr(VI) ions are very mobile
and soluble in water samples and are not adsorbed into many
soils [15, 21]. As chromium contamination in natural waters is
considered a global concern, the World Health Organization
(WHO) guideline value set for Cr(VI) in drinking water is
50 ug L' for daily intake. However, this value is very high
compared to the high risk of carcinogenicity of Cr(VI). Hence,
Cr speciation in real sample is critical since the quantification of
total chromium in diverse sample matrixes is no longer suffi-
cient to indicate the risks of chromium to the environment and
also human health [22, 23]. Thereby, monitoring and quantifi-
cation of very low levels of Cr(IIl) and Cr(VI) is often a major
task for the analytical chemists, as it is a good tool for the
identification, monitoring and determination of this toxic spe-
cies in environmental samples. Hence, development easy,
quick, sensitive and environmentally friendly methods for
Cr(IlT) and Cr(VI) monitoring and quantification are of partic-
ular significance.

The concentration of chromium species in real samples is
often very low and most of these samples have complicated
matrices; thereby a separation and preconcentration step is nec-
essary for precise and accurate quantification [24]. Hence, var-
ious preconcentration and extraction methods such as solvent
extraction [25, 26], co-precipitation [27], cloud point extraction
[22, 23] and solid phase extraction (SPE) [21, 28, 29] have been
employed for preconcentration and speciation analysis of
Cr(IIl) and Cr(VI) ions. Owing to its simplicity, rapidity, low
consumption of reagents and minimal cost, SPE is the most
universally employed extraction method for preconcentration
of metal species in different environmental and food samples
[30]. However, in most cases the fast and complete isolation,
and removal of sorbents from extraction media is difficult,
time-consuming, and labor-intensive which can cause to addi-
tional environmental problems [31]. Employing a magnetic
sorbent facilitates the separation of solid material from solution,
by employing an external magnetic field, and accelerates sam-
ple preparation procedures [10, 31].

The aim of this work is extraction of Cr(III) and
Cr(VI) species by means of a novel magnetic metal
organic framework and their determination by electro-
thermal atomic absorption spectrometry (ETAAS).
Initially, Fe;04@SiO, @2-(propylamino-ethyl) dithiocarba-
mate nanoparticles (Fe;04,@PAEDTC NPs) were synthesized
and then immobilized in the structure of metal-organic frame-
work (MIL-101(Fe)). The nanocomposite was characterized
by Fourier transform infrared spectroscopy (FT-IR), BET
analysis, scanning electron microscopy (SEM), CHNS analy-
sis and vibrating sample magnetometry (VSM). The magnetic
characteristic of nanosorbent simplified and accelerated the
separation and recovery of the sorbent from extraction
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medium. The presence of amine and dithiocarbamate moieties
in the structure of nanosorbent led to its selectivity towards
chromium species. Design of experiments approach through
response surface methodology was employed in order to find
the optimum operating conditions of the extraction method.
Finally, the magnetic solid phase extraction (MSPE) method
was used for determination of Cr(Ill) and Cr(VI) species in
water and tea samples.

Experimental
Reagents and instrumentation

All details about reagents and instrumentation are mentioned
in Electronic Supplementary Information.

Preparation of standard solutions

Stock solutions (1000 mg L") of potentially interfering
ions such as K*, Na*, Mg(Il), Ca(Il), Mn(II), Pb(II),
As(Il), As(V), Al(II), Cddl), Cudl), ZndI), Co(Il),
Cl" and NO; were prepared in a 2% (v/v) HNO; solu-
tion. The working standard solutions were prepared by dilut-
ing an appropriate amount of the stock solution with double
distilled water. All of these solutions were stored at ambient
temperature prior to use.

Synthesis of sorbents

Synthesis of 2-(propylamino-ethyl) dithiocarbamate
functionalized Fe;0, NPs

Fe;04 NPs were synthesized according to a previously re-
ported procedure [10]. Briefly, exact amount of FeCl;
(7.2 g) and (NHy),Fe(SO4),.6H,0 (7.84 g) salts were dis-
solved in 400 mL deionized water and degassed with N, for
10 min and then heated to 80 °C. Thereafter, 20 mL ammo-
nia solution (25% w/w) was added to the reaction mixture
under nitrogen gas protection and vigorous stirring
(1000 rpm). During the whole process, the temperature
was maintained at 80 °C and nitrogen gas was used to
prevent the penetration of oxygen. After the reaction, mag-
netite NPs was separated from the reaction medium by the
magnetic decantation, and then washed ten times with
200 mL deionized water until the pH became neutral. The
obtained MNPs were dried in room temperature. In the next
step, 1.0 g of prepared Fe;O, NPs was suspended in a
solution of 250 mL deionized water, 75 mL ethanol and
4 mL NH4OH (28%). Afterwards, 3.0 mL TEOS was added
slowly to the mixture under vigorous stirring (1000 rpm)
[32]. After 10 h stirring at 40 °C, Fe;0,@SiO, NPs were
gathered by a strong magnet (15 cm X 12 cm % 5 ¢cm, 1.4 T),
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washed with ethanol (3 x 50 mL) and finally dried at room
temperature [33]. In the next step, 1.0 g of Fe;0,@SiO,
NPs was suspended in 100 mL dried toluene, and the mixture
was stirred for 60 min. Thereafter, 1.0 mL AEAPTMS was
added to the reaction mixture and it was refluxed for 15 h and
then the solid was removed from the solvents by magnetic
separation and washed with methanol (3 x 25 mL) and
(2 x 40 mL) acetone and then dried at room temperature
(Fig. 1a). In order to prepare PAEDTC-functionalized NPs,
1.0 g dried Fe;0,@SiO,@EN NPs was dispersed in
150 mL 2-propanol for 60 min. Thereafter, 3 mL NaOH
1 mol L™ " and 2.4 mL CS, were added to the reaction mixture
and the solution was stirred at room temperature for 4 h
(Fig. 1a). Finally, Fe;0,@Si0,@PAEDTC NPs was dried at
50 °C after washing with water (5 x 50 mL) and methanol
(3 x 25 mL). The synthesis of Fe;0,@SiO, @PAEDTC was
investigated by FT-IR spectroscopy, TEM, SEM and VSM
techniques.

Synthesis of MIL-101/dithiocarbamate magnetite
nanoparticles composite

MIL-101(Fe)/Fe;04@PAEDTC nanocomposite was prepared
according to the following procedure (Fig. 1b). Briefly, 1.03 g
H,BDC was dissolved in 50 mL of DMF and sonicated for
10 min (mixture A). Then, 0.5 g Fe;0,@PAEDTC NPs was
suspended in a solution containing 40 mL DMF and
3.38 g FeCl;.6H,O (mixture B). In the next step, mix-
ture A and B were transferred into an autoclave and it
was heated at 110 °C for 24 h. Finally, MIL-101(Fe)/
Fe;0,@PAEDTC nanocomposite was recovered from the su-
pernatant solution by magnetic decantation and washed with
water (5 x 25 mL) and ethanol (3 x 50 mL), respectively and
dried at room temperature. The nanocomposite was character-
ized by FT-IR, VSM, CHNS analysis, SEM and BET analysis.

Synthesis of MIL-101(Fe)

MIL-101(Fe) was prepared according to the previously report-
ed procedure [34]. A total amount of 1.03 g of H,BDC and
3.25 g of FeCl;.6H,0 was mixed with 100 mL of DMF for
15 min under sonication. The solution was transferred into an
autoclave and was heated at 110 °C for 24 h. Finally, the
powder was separated by centrifugation, washed once
(100 mL) with water and then with ethanol four times
(4 x 20 mL) to remove unreacted reagents and was dried under
vacuum at 100 °C for 16 h.

Extraction procedure
Extraction was conducted in test tubes containing 30 mL

0.1 pg L™! solution of Cr(Ill) and Cr(VI). This solution
divided into two equal 15.0 mL, which are named as

sample 1 and 2. Thereafter, pH of sample 1 was adjusted
to 2.0 using 0.1 mol L™' HCl solution. Afterwards, 14.8 mg
of magnetic nanocomposite was added to the mixture and
was stirred for 6.5 min in order to extract Cr(VI) ions from
the solution, completely. Then the sorbent was separated
from the solution by using the strong magnet. The sorbed
amount of Cr(VI) ions was determined using ETAAS
based on its concentration change after the sorption step.
In the next step, 0.85 mL of 0.6 mol L™ EDTA in 0.3 mol
L HNO; solution as an eluent was added to the test tube
containing the sorbent and it was stirred for 12.2 min.
Finally, the mixture was again exposed to the strong mag-
net to separate the sorbent from the media. The clear solu-
tion containing eluted Cr(VI) ions was injected to ETAAS
for subsequent analysis. The same opration conditions was
employed for the extraction and determination of total Cr
from solution 2 except the pH of sample which was adjust-
ed to 5.0. The concentration of Cr(Ill) in the sample was
obtained by subtracing Cr(VI) concentration (sample 1)
from the total Cr concentration (sample 2).

Real sample pretreatment

All details about real sample oretreatment are mentioned in
Electronic Supplementary Information.

Results and discussion
Choice of materials

The sorbent type actually is a vital variable affecting the ex-
traction efficiency. Owing to the high surface area of MIL-101
(2310 m? g_l) and the excellent magnetic properties of mag-
netite NPs, magnetic MIL-101 (Fe) was used as a starting
material for sorption of Cr species. Magnetite NPs were cov-
ered with a silica layer in order to improve their chemical
stability in acidic medium. In the case of metal ions extraction,
commonly, solutions of strong acids are used as eluent which
may dissolve Fe;O4 NPs, so a protecting layer such as SiO,
should be used. Moreover, silica surface is often terminated by
silanol groups that can react with silane coupling agents in
order to conjugate with a variety of specific ligands. After
synthesis of nanosorbent, extraction capabilities of bare
MIL-101(Fe), Fe30,@PAEDTC NPs and MIL-101(Fe)/
Fe;0,@PAEDTC nanocomposite were studied. As indicated
in Fig. 1S (Electronic Supplementary Data) MIL-101(Fe)/
Fe;0,@PAEDTC nanosorbent shows the highest extraction
efficiency among different sorbents owing to the high surface
area and presence of S and N atoms in its structure. The exis-
tence of Fe;0,@PAEDTC NPs on the surface MIL-101(Fe)
and Fe;O4 NPs enhances the complex formation between the
target analytes and hetro atoms of the sorbent while MIL-
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101(Fe) acts as a support and spacer and prevents the aggrega-
tion of Fe30,@PAEDTC NPs [31]. In comparison with
Fe;0,@PAEDTC NPs, MIL-101(Fe)/Fe;0,@PAEDTC com-
posite offer a significantly higher surface area to volume ratio
due to the presence of MIL-101(Fe). Thereby, MIL-101(Fe)/
Fe;0,@PAEDTC nanocomposite was selected as the most ap-
propriate sorbent for the rest of the studies.

Characterization
FT-IR spectroscopy and CHNS analysis

The FT-IR spectrum of MIL-101(Fe)/Fe;04@PAEDTC nano-
composite was obtained by employing KBr pellet method.
The presence of the absorption peaks related to C-H aliphatic
(2950 and 2893 cm '), C = C (1464 cm™ '), C-N (1441 cm V),
C=S(1230 cm "), N-H (790 cm™ ), Fe-O (583 cm ') and Si-
0-Si (1042 cm™ ") confirmed the functionalization of MIL-
101(Fe) with Fe;0,@PAEDTC NPs. The CHNS analysis
was conducted to study the elemental contents of MIL-
101(Fe)/Fe;04,@PAEDTC nanocomposite. The results dem-
onstrate 34.4% C, 1.5% H, 2.4% N and 3.6% S in the structure
of the magnetic nanocomposite which indicate that
Fe;0,@PAEDTC NPs have been sufficiently immobilized
in the structure of MIL-101(Fe).

@ Springer
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SEM and TEM characterization

To investigate the surface morphology of Fe;0,@PAEDTC
NPs and MIL-101(Fe)/ Fe;0,@PAEDTC nanocomposite, the
samples were characterized by TEM (Fig. 2) or SEM (Fig. 28,
Electronic Supplementary Data). The crystals of MIL-101(Fe)

Fig. 2 TEM image of Fe;0,@PAEDTC NPs



Microchim Acta (2017) 184:1509-1516

1513

sample have a smooth surface and their average size was
400 nm (Fig. 2S) while the surface of MIL-101(Fe)/
Fe;04@PAEDTC nanocomposite was rough after modi-
fication with Fe;04,@PAEDTC NPs (Fig. 2S) and re-
vealed the successful immobilization of Fe;O0,@PAEDTC
on the surface of MIL-101(Fe). The TEM image of
Fe;0,@PAEDTC NPs demonstrated a core-shell structure
(Fig. 2) with an electron dense region which is related to
nanosized Fe;O4 cores (2030 nm) and a less dense
and more transparent layer around Fe;O, cores. This
outer layer is corresponds to SiO, and dithiocarbamate coating
shell (10—15 nm).

VSM and BET analyses

All details about VSM and BET analyses are mentioned in
Electronic Supplementary Information.

Optimization study

The following parameters were optimized: (a) sample pH val-
ue; (b) sorption step; (c) the eluent; (c) the elution step.
Respective data and Figures are given in the Electronic
Supporting Material (Fig. 1S, 3S, 4S and 5S, Table 2S). The
following experimental conditions were found to give
best results: sample pH values of 2.0 for Cr(VI) and
5.0 for total Cr sorption; a sorption time of 6.5 min;
and the use of 14.8 mg of the magnetic nanosorbent in the
sorption step, and the use of a 0.3 mol L HNO5 in 0.6 mol L™
EDTA solution as eluent; an eluent volume of 0.85 mL; and an
elution time of 12.2 min.

Effect of the potentially interfering ions

The effect of some potentially interfering ions such as K*,
Na*, Mg(1l), Ca(Il), Mn(Il), Pb(Il), As(II), As(V), Al(II),
CddI), Cu(Il), Zn(I), Co(Il), CI" and NO3 on extraction
efficiency of Cr(Ill) and Cr(VI) was investigated by addition
of each mentioned ion to 100 mL of a solution contain-
ing 0.1 pg Cr(Ill) and Cr(VI) ions. The extraction re-
coveries of Cr(Ill) and Cr(VI) in the individual binary
mixture solutions are presented in Table 3S (Electronic
Supplementary Data). Based the results, it can be con-
cluded that even high concentration of the potentially interfer-
ing ions did not influence the extraction recovery of Cr ions,

hence selective extraction of Cr(IIT) and Cr(VI) in the case of
real sample can be achieved.

Effect of sample volume and sorption capacity study

In the case of real samples, the sample volume is one of the
very important factors influencing the preconcentration factor.
Thereby, the effect of sample volume was studied by dissolv-
ing 0.01 mg of Cr(IIT) and Cr(VI) ions in 100, 200, 300, 400,
500 and 600 mL distilled water. Afterwards, the method was
conducted and the results exhibit that Cr ions can be recovered
for sample volumes of 400 mL. Hence, a preconcentration
factor of 470 was achieved for Cr ions extraction using
MIL-101(Fe)/Fe;04,@PAEDTC nanocomposite.

The sorption capacity of MIL-101(Fe)/Fe;0,@PAEDTC
sorbent was studied using a standard solution containing 1 mg
L™ of Cr(Ill) and Cr(VI) ions under the opted conditions at
pH = 5.0. Briefly, the equilibrium concentration of total chro-
mium after sorption process was determined by ETAAS. The
maximum sorption capacity is defined as the total amount of
Cr(IIT) and Cr(VI) sorbed ions (mg) per gram of the nanosorbent
which was 335 mg g ' and demonstrated the high capacity of
the sorbent owing to its porous and nano-sized structure.

Analytical figures of merit of the method

Under the opted operating conditions, linearity was obtained
within the range of 3-300 ng L™ for Cr(VI) and 4-325 ng
L™ for total Cr in initial solution with correlation of determina-
tion (*) equal to 0.9931 and 0.9945, respectively. The limit of
detection was calculated as LOD = 3S,/m, where S; is the
standard deviation of 7 replicate blank signals and m is the slope
of the calibration curve after extraction process. LOD was found
to be 1.0 ng L' for Cr(VI) and 1.5 ng L™ for total Cr in a
sample volume of 400 mL. The precision of the method for a
standard solution containing 30 ng L™ of Cr(Ill) and Cr(VI)
ions (n = 5) was evaluated as the relative standard deviation
(RSD%) and was found to be 6.4% for Cr(VI) and 7.5% for
total Cr. Moreover, the analytical features of MIL-101(Fe)/
Fe;04,@PAEDTC nanocomposite and bare MIL-101(Fe) was
compared (Table 4S). As it is tabulated in this paper, MIL-
101(Fe)/Fe;04,@PAEDTC nanocomposite has a higher sorp-
tion capacity and extraction recovery and lower detection limit
toward Cr(VI) compared which can be attributed to the presence
of Fe30,@PAEDTC NPs in the structure of nanocomposite.

Table 1 Determination of

chromium in certified SRM Concentration Recovery (%)
reference materials
Analyte Certified Found
NIST SRM 1643e Total chromium 40.54 (ng mL ™ 39.80 +2.81 98.2
GBW 07605 tea Total chromium 0.80 (ugg 0.74 + 0.006 92.5
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Table 2  Determination of Cr(Ill) and Cr(VI) ions in different real samples (mean + SD?)

(@
Sample Real value Added value
Cr(III) Cr(VI) Cr(IIT) Cr(VI)
Drinking water 0.11 ND 0.10 0.10
River water 0.20 0.08 0.10 0.10
()
Sample Real value Added value
Black tea 1 32+0.2 5.0
Black tea 2 54+04 5.0
Green tea 1 57.0+4.6 50.0
Green tea 2 40.6 +3.1 50.0

Found Total Cr Recovery (%)
Cr(IIT) Cr(VI) Cr(1IT) Cr(VI)
0.22+0.01 0.09 £+ 0.04 0.11 110 90.0
0.29 +0.02 0.17£0.01 0.28 90.0 90.0
Found value ® Recovery (%)

79+0.6 94.0

9.7+0.6 86.0

108 £7.5 102

87.2+44 93.2

* Standard deviation

® Total Cr

For water samples concentration are based on pg L™
For tea samples concentration are based on ng g~
ND not detected

Validation of the method

The accuracy of method was evaluated by using two certified
reference materials (SRM 1640 natural water, GBW 07605
tea). For this purpose, the concentration of total chromium
was determined under the optimized operating conditions.
As shown in Table 1, the results are in good agreement with
the real amount of chromium in two SRM. Hence, the extrac-
tion method can be utilized as a reliable method for the
preconcentration and determination of Cr in various samples.

Determination of Cr(IIT) and Cr(VI) and total chromium
in real samples

The applicability of the extraction method was investigated by
analyzing water and tea samples under the optimized operating

conditions in order to reduce undesirable matrix effect. It is
necessary to note that in the case of water samples Cr(IIl) and
Cr(VI) was determined, while in the analysis of black and green
tea samples total amount of chomium was quantified. Table 2
depicts the chromium recoveries in various samples which in
all cases, were almost quantitative (86.0—110%) and are in good
agreement with spiked levels.

Conclusion

In this study, a novel MIL-101(Fe)/Fe;O,@2-(propylamino-
ethyl) dithiocarbamate nanocomposite was employed as a vi-
able sorbent for preconcentration, extraction and speciation
analysis of Cr(Ill) and Cr(VI) ions. The method was fast,
simple, selective, accurate and precise and did not need any

Table 3  Comparison of the proposed method with previously reported works for speciation of Cr(IlI) and Cr(VI) ions

Method Instrument LOD* sc® PF° Ref.
Cr(Il) Cr(VI)
MIL-101(Fe)/Fe;0,@PAEDTC nanocomposite ETAAS 0.0015¢ 0.001 335 470 This work
Magnetite-graphene oxide modified with triethylenetetramine FAAS 1.6 14 9.6-16.4 10 [21]
Ionic liquid-functionalized silica HPLC-UV 12.1 15.1 - - [25]
Coprecipitation with Ni**/2-Nitroso- 1-naphthol-4-sulfonic acid FAAS 1.33 - - 50 [19]
Multiwalled carbon nanotubes FAAS - 0.9 9.5 100 [28]
Ni-Al layered double hydroxide FAAS - 0.51 6.5 100 [35]
Tetraethylenepentamine-functional Fe;O, magnetic polymer FAAS - 0.16 370.4 125 [36]

gL
® Sorption capacity (mg g~ )
¢ Preconcentration factor

9 Total chromium
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oxidation or reduction pretreatments. Immobilization of
Fe;04@Fe;0,@2-(propylamino-ethyl) nanoparticles at
MIL-101(Fe) surface led to it selectivity towards Cr(VI) at
pH = 2.0 and total chromium (Cr(IIl) and Cr(VI) ions) at
pH = 5.0. This new magnetic solid phase extraction exhibited
the advantages of high sorption capacity (335 mg g~ '), high
enrichment factor (470 times), fast extraction time (20 min)
and low detection limit (1.0-1.5 ng L") compared to previ-
ously reported methods (Table 3). The sorption capacity of the
nanocomposite was higher than that of bare MIL-101(Fe) and
Fe;0,4@2-(propylamino-ethyl) dithiocarbamate NPs. Hence,
the analytical performance of the method is desirable. The
method was validated using two certified reference materials
(SRM 1640 natural water and GBW 07605 tea) to confirm its
accuracy. Ultimately, the method in combination with ETAAS
was employed for the fast extraction and speciation of ultra
trace chromium in water and tea samples, satisfactorily.
Besides, this sorbent can be employed for the speciation anal-
ysis of other metal ions. The complicated process of sorbent
preparation is a limitation of this work. However, large
amounts of the sorbent can be synthesis in one batch only.

The author declare that he has no
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