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Hexavalent chromium is a known environmental contaminant and carcinogen. In the current work, a simple, rapid, and reliable
direct spectrophotometric method was used for the determination of total Cr (VI) in environmental samples. Acid-base equilibria
and ionization constant (pK,) of the new reagent 3-(2-(2-(4-(trifluoromethyl)benzylidene)hydrazineyl) thiazol-4-yl)-2H-
chromen-2-one (thiazole linked to 2H-chromen-2-one, TFZ) were investigated. The value of pK, for the reagent was found to be
7.6 which was initially reported. The reaction of the TFZ ligand with Cr (VI) was optimized to produce a highly absorbent complex
at 370nm and pH 7.0 within 1 min. With a correlation coefficient of 0.9994, the linear concentration range ranges from 2 to
20,000 ng-mL~". The detection limit and quantification limit were 0.73 and 2.43 ngmL™", respectively. The method has high
precision with relative standard deviations less than 1.0 and high accuracy with recovery of 100 + 2%. A large excess of cations and
anions did not interfere with the determination of Cr (VI). The proposed method was successfully applied to the determination of

Cr (VI) in cement samples. The current method could be useful for the routine analysis of Cr (VI) in environmental labs.

1. Introduction

Contamination of the environment with heavy metals is
a growing concern due to their toxicity to humans, animals,
including fish, and the ecosystem. In 1797, the French
scientist Louis Vauquelin identified an element whose
colour changed as it existed in different chemical forms.
Because one of the compounds that included this element
was green and “chroma,” meaning “colour,” the element was
named chromium (Cr) [1]. Chromium has been identified as
a poisonous and carcinogenic metal. Chromium is employed
in steel manufacturing and polishing, alloying, electro-
plating, leather tanning and finishing, dyes and mordants,
catalysts, oxidants, adhesives, paints, and wood preservatives
[2]. In the environment, chromium can be found in two
stable forms: Cr (VI) and Cr (III). Cr (III) is less toxic and
less soluble than Cr (VI), whereas Cr (VI) is exceedingly

toxic and extremely soluble [3]. Cr (VI) is roughly
100-300 times more hazardous than Cr (IIT) which has
a high penetration capacity for biofilm, which can be
transformed into a variety of reactive intermediates,
resulting in DNA mutation and cancer [4, 5]. It also causes
liver damage, lung congestion, inflammation, skin irritation,
and ulcers [5]. According to the World Health Organization
(WHO) and the Environmental Protection Agency (EPA),
the maximum permissible level of chromium in drinking
water is 50 ug-L™' and 100 ug-L™", respectively [6, 7]. Di-
rective 2003/53/EC of the European Union (EU) mandated
the control and limitation of chromium levels in cement
containing more than 2mg-kg ™" of Cr (VI). Table 1 shows
the recommended maximum permissible limit of chromium
in fish, food, and animals’ meat.

Several analytical techniques, such as electrothermal
atomic absorption spectroscopy, are used to determine
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chromium [8], flame atomic absorption spectrometry
(FAAS) [9], UV-Vis spectrophotometry [10], atomic ab-
sorption spectroscopy (AAS), and inductively coupled
plasma optical emission spectroscopy/inductively coupled
plasma mass spectrometry “(ICP-OES/ICP-MS) [2, 11].
AAS and ICP-OES/ICP-MS are both capable of detecting
only total chromium without separating between different
chromium species. As a result, various chromium species
were separated using ion chromatography (IC) or high-
performance liquid chromatography (HPLC) prior to de-
tection using ICP-OES/ICP-MS and AAS [12, 13]. However,
absorption spectrophotometry is more suitable and reliable
for routine chemical analysis due to its widespread avail-
ability and relatively inexpensive cost of equipment, as well
as the stability of its processes and the precision of its
methodologies [14]. Moreover, spectrophotometry has op-
portunities not just for enhancing selectivity but also for
improving sensitivity.

Thus, the aim of current work is to develop a new spec-
trophotometric method with a highly sensitive and wide linear
range for Cr (VI) determination by complexation with the novel
ligand 3-(2-(2-(4-(trifluoromethyl)benzylidene)hydrazineyl)
thiazol-4-yl)-2H-chromen-2-one(3a) (thiazole linked to 2H-
chromen-2-one, TFZ, Figure 1). Several experimental param-
eters which influence the formation of the Cr (VI)-THZ
complex were investigated and optimized. Finally, the proposed
method was applied to determine total soluble Cr (VI) in
various cement, water, and soil samples.

2. Experimental Setup

2.1. Reagents and Chemicals. Potassium chromate was
purchased as a yellow powder from Sigma Aldrich (USA).
Iron (II) sulphate 7-hydrate, manganese sulphate mono-
hydrate, copper sulphate, and cadmium nitrate hydrated
were bought as powders from TECHNO PHARMACHEM
(India) and nickel sulphate extra pure from Loba. Chemi
(India) were used as powders for foreign ions. Sodium
phosphate dibasic dihydrate (Sigma Aldrich, USA) and
sodium dihydrogen orthophosphate dihydrate (CDH, India)
were used to prepare the solution in different pH levels.
Ethanol was obtained from Sasol, KSA, which was used for
the preparation of the reagent. Glassware and polyethylene
containers were soaked in 10% nitric acid and washed with
deionized water to eliminate the risk of contamination.
Nitric acid was supplied by Sigma Aldrich (USA), while
hydrochloric acid was obtained from Honeywell (USA) and
hydrogen peroxide solution was purchased from Fluka
(Germany). All other chemicals were purchased from Merck
(Darmstadt, Germany) and used without further purifica-
tion. For the manufacture of aqueous solutions, double-
distilled water was employed.

2.2. Instrumentation. The absorbance spectra were de-
termined using a UV-visible spectrophotometer from PG
Instruments, U.K., with a matched pair of 1cm quartz
cuvettes at a detecting wavelength between 250 and 700 nm.
The buffer solutions’ pH was measured with a pH meter
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TaBLe 1: The recommended maximum permissible limit of
chromium in fish, food, and animals’ meat.

Maximum permissible limit

Food matrix (MPL) (mg/kg) Reference

Fish 0.65-4.35 (8]

Food 0.01-13 [9]

Animals’ meat 0.05 [10]
CF

FiGure 1: Chemical structure of 3-(2-(2-(4-(trifluoromethyl)ben-
zylidene)hydrazineyl)thiazol-4-yl)-2H-chromen-2-one(3a)  (thia-
zole linked to 2H-chromen-2-one, TFZ) [18].

from Eutech. Utilizing standard buffer solutions of pH 4.0,
7.0, and 10.0 at room temperature, the pH meter was
calibrated.

2.3. Synthesis and Preparation of TFZ Ligand Solution.
According to the publication of our research group, the TFZ
ligand was produced [18].

2.4. Method for pK, Determination. The pK, of the TFZ
ligand was determined using a method created by Pandey
et al. [19]. A preliminary investigation was conducted to
estimate the pK, using the inflection approach. A graph of
absorbance against pH was created. This curve inflection
point was cited as a rough estimate of the pK, value. The
second approach consisted of determining the wavelengths
of maximum absorption from the spectra of species with
extreme pH values (pH =2 and pH = 8 in this situation). The
plot of the absorbance vs. pH at these wavelengths was
applied. The pKa was determined by measuring the pH of
the place where the two linear curves intersected at these
wavelengths.

2.5. Preparation of Standard and Working Solutions of Cr
(VI). The Cr (VI) solution was prepared by dissolving
100 mg of potassium chromate sample in 100 mL distilled
water. The working solutions of the Cr (VI) were prepared
by dilution in the same solvent.

2.6. Procedure of Complex Formation. The formed coloured
complex solution was simply and precisely prepared. A
0.1 mL of Cr (VI) was mixed with 9.8 mL of phosphate buffer
(pH 7), and then 0.1 mL of ligand was added. The complex
was rapidly formed after 1 min of mixing solutions.
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2.7. Environmental Samples. Several samples were collected;
three ground water samples from different places of Saudi
Arabia were collected. Soil (surface) samples were collected
from five different locations in Jeddah city, Saudi Arabia.
Two cement samples were purchased from the local market.

2.8. Digestion of Soil and Cement Samples. The digestion of
the soil and cement samples was performed according to the
previously reported method with little modification [20, 21].
Typically, 0.5g of samples were dissolved in a mixture of
15 mL nitric acid and 5 mL hydrochloric acid followed by the
addition of 2mL hydrogen peroxide and 2 mL water. The
sample was placed in a suitable beaker and covered by
a clock glass. The beaker was heated in an oil bath. The
specified temperature profile included reaching 180 + 5°C in
less than 5.5 minutes and remaining at that temperature for
9.5minutes to accomplish the desired reactions. After
cooling, the beaker content was filtered and was ready for
starting analysis.

3. Results and Discussion

3.1. Investigation of Acid-Base Equilibria of the TFZ Ligand.
To accomplish this, the absorbance of the TFZ ligand was
evaluated in buffers ranging in pH from 2.0 to 12.0. The
buffer solutions were prepared by using 0.1 mol-L ™" sodium
phosphate dibasic dihydrate (NaH,PO,) and sodium
dihydrogen orthophosphate (Na,HPO,). Primary stock
solution (1000 ug-mL™") of the TFZ ligand was prepared in
ethanol. All samples were analyzed after 10 yg-mL ™" working
solutions were produced in corresponding buffers from
primary stock solutions.

To calculate the ionization constant (pK,) of TFZ ligand
spectra, two graphical methods were applied. The simple first
one was used to calculate a rough value of pK,. Figure 2
shows the absorbance diagram of the TFZ ligand in buffer
solutions of various pH values at a maximum wavelength of
400 nm. It is clear from the figure that the TFZ ligand ex-
hibits pH dependent UV-absorption, and the high ab-
sorption was achieved at pH 8. Therefore, the pK, value of 8
could be considered an approximate ionization constant for
the TFZ ligand.

Another method was used to calculate the precise pK,
value of TFZ (L). The approach involved measuring the
spectra of species with extreme pH levels (pH =2 and pH =8
in this instance) to identify the wavelengths of maximum
absorption. As observed, the absorbance spectrum of the
acidic solution exhibited a peak at 515 nm (HL"), while the
peak of the more basic solution occurred at 400 nm (L). The
pKa was obtained by determining the pH of the point of
intersection, and it was found to be 7.6.

3.2. Cr (VI) Complexation with the TFZ Ligand

3.2.1. Complexation Equilibria of Cr (VI) with TFZ. The
pH study is essential since it can have a significant effect on
the formation of metal-ligand complexes as well as the result
of complex extraction. The effect of pH on the formation of
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FIGURE 2: Absorbance of the TFZ ligand at 370 nm in respective
buffer solutions of pH 2.0-12.0.

the Cr (VI)-TFZ complex in the mixed water-ethanol me-
dium was simply investigated by mixing equal volumes
(01 mL) of each ligand and metal of 1000ug-mL™" and
9.8 mL of buffers with different pHs from acidic to basic
media. After a waiting period of 1 min to complete the
complex reaction, the absorbance was measured. It was
found that the best pH for perfume complex formation and
to get a maximum light response was at pH =7 as shown in
Figures 3 and 4. In the strong acidic medium, the complex’s
absorbance is low, and this may be due to ligand (Schiff base)
instability.

A comparison between phosphate buffer blank solution,
TFZ ligand solution, Cr (VI) solution, and TFZ-Cr (VI)
complex solution under the optimized conditions of pH 7 is
shown in Figure 5. It is clear that the maximum absorbance of
the ligand (at 400 nm) and Cr (V1) (at 435 nm) was shifted to
the maximum absorbance at 370 nm, proving the complex
formation between Cr (VI) and TFZ. One can assume that the
neutral form of the TFZ (L) is the prevalent ligand species in
the pH of complexation with the liberation of one proton.

3.2.2. Effect of Sequence on Complex Formation. Asshown in
Table 2, the best sequence of solution addition (in complex
formation) to achieve maximum absorbance is Cr (VI)
(M) + phosphate buffer (B) + TFZ (L). This result is expected
because buffered ligand solution is a suitable medium to
form complexes with better colour intensity.

3.2.3. Effect of Time on Complex Formation. Five different
times between 1 and 15 minutes were studied. The reaction
was very fast, and the highest absorbance of the complex was
obtained after 1 min of mixing metal with the ligand.

3.2.4. The Mole Ratio of the Complex. This method was
performed by mixing different volumes of TFZ ligand so-
lution with the same volume of Cr (VI) ions solution each
time; the absorbance of resulted complex solutions was
recorded after passing reaction time of 1 min. It is important
to prepare each of metal ions and ligand solutions in equal
concentrations. As shown in Figure 6, the M : L mole ratio in
complex equals to 1:1.
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TaBLE 2: Effect of sequence addition on complex colour intensity.

Sequence of addition Absorbance
Metal (M) + buffer (B) +ligand (L) 0.335
Ligand (L) + buffer (B) + metal (M) 0.291
2.5
2.0 1
)
g
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3 ]
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FIGURE 6: Determination of complex compositions by the mole
ratio method.

TaBLE 3: Figures of merit for the determination of Cr (VI)-TFZ
complexation.

Parameter Value
Absorption wavelength for complexation (nm) 370
Detection limit (ng mL™) 0.73
Quantification limit (ng mL™) 2.43
Correlation coefficient (R) 0.9994
Linear working range (ng mL™") 2-20000

3.2.5. Calibration Characteristics. By mixing different con-
centrations of Cr (VI) with constant concentration of the
ligand and leaving the solution mixture for 1 minute to make
the reaction complete, the following analytical results were
recorded, and figures of merit for the determination of Cr (VI)
are shown in Table 3. By assessing a series of five solutions with
a 10ng:mL ™" Cr (VI) concentration, the reproducibility and
accuracy of the procedure were determined. The relative
standard deviation (RSD) was observed to be 0.975, and high
accuracy with recovery values of 100 +2% was observed.

3.2.6. Study of Interferences. To determine whether or not
the proposed method is effective, the effects of a number of
ions that are frequently found in environmental samples
were investigated. The tolerance of the method to foreign
ions was investigated with solutions containing
1000 ug-mL~" of expected interfering cations and anions in
the presence of 10 ng-mL™" Cr (VI). The tolerance level for
a given ion was the variation of absorbance readings from
the predicted value by more than + 2%. Experimental results
showed that Cd, Cu, Cr (III), Fe, Mn, and Ni have no in-
fluence on the determination of Cr (VI).
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TaBLE 4: Methods for measuring Cr (VI) in cement using a variety of chromogenic agents: a comparison.

Method Matrix Reagent LOD (mg/kg) Reference

Spectrophotometric Cement Diphenylcarbazide 0.0010 [22]

Spectrophotometric Cement Variamine blue 0.0500 [22]

Spectrophotometric Cement 1, 5-diphenylcarbazide 0.0013 [22]

Spectrophotometric Cement Thiazole linked to 2H-chromen-2-one 0.0007 This study

3.2.7. Applications. The promise of TFZ as a reagent for
direct spectrophotometric detection of total hexavalent
chromium prompted us to examine the applicability of the
method to the study of soluble hexavalent chromium in
environmental samples at 370 nm. The determination of
total hexavalent chromium was conducted in different en-
vironmental samples: three ground water samples, five soil
(surface) samples, and two cement samples. The results of
the analysis of water and soil samples showed that they were
below the LOD value. The obtained values for Cr (VI)
concentrations in cement samples using the proposed an-
alytical method were found to be 4%. In the precision study,
five analyses were performed for each sample. A good
precision of the proposed method was obtained, which allow
the application of the method to the routine analysis of
cement.

To confirm the analytical characteristics of the current
method compared to the previous published methods for Cr
(VI) analysis in cement, all data which are very rare are
collected in Table 4. The sensitivity of the current method is
comparable to others.

4. Conclusion

The current analytical method for the determination of Cr
(VI) content in environmental samples has proved to be
reliable, simple, and rapid. The method has the ability to be
performed as a quick test for determining hexavalent
chromium in cement. Numerous further advantages of the
current method include the fact that the complexion reagent
can be made on any scale with great purity and a specific
chelation with Cr (VI) in neutral medium, there is no need
for a pretreatment step to enhance the analyte concentration,
and it is applicable to a wide range of analyte concentrations.
Therefore, the current method could be used for selective
trace determination of chromium in several matrices.
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