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ABSTRACT

The present study aims to characterize the direct UV-Vis
spectrophotometric analysis of hexavalent chromium (CrVI) in
aqueous solution. The effects of pH and the presence of different
ions are evaluated. The results obtained show that at pH < 6, Cr(VI)
analysis must be carried out at 350 nm. The Beer-Lambert law is
respected for a concentration lower than 100mg Cr(VI) L. At pH >
8, the analysis must be performed at 372 nm. In this case, the linearity

ARTICLE INFO:
Received 10 Feb 2024
Revised form 14 Apr 2024
Accepted 17 May 2024
Available online 30 Jun 2024

Keywo.rds: range of the standard curve does not exceed the concentration of 25
Analytical method mg Cr(VI) L. In the pH range 6 <pH < 8, the direct Cr(VI) analysis
Chromium (VI) cannot be performed. Whatever the pH of the solutions, the presence

UV-Vis spectroscopy
Water samples

of acetate, oxalate, citrate, and tartrate with a concentration ten times
higher than that of Cr(VI), has no effect. At pH 2, only the presence
of Fe(IT) and Fe(III) ions prevents the direct determination of Cr(VI)
ions. In the presence of metallic ions [Mn(II), Co(II), Ni(II), Cu(II),
Zn(I1), Cd(11)), Cr(VI)] analysis must be carried out at pH 2. At higher

pH, these ions have a significant effect.

1. Introduction

Metal speciation is crucial to characterize their
behavior and effects. Two forms of the same
metal can be very different. Various methods are
developed for toxic metal speciation in various
samples [1, 2]. Chromium is one of the known
toxic metals. It can exist in different oxidation
states, ranging from the divalent to the hexavalent
state. Generally, in water, chromium can be found
as trivalent (Cr(III)) or hexavalent (Cr(VI)). The
hexavalent form (Cr(VI)) is characterized by a
high oxidative potential and a high solubility. It
is considered to be the most toxic form of chro-
mium. Cr(VI) forms species mainly with oxo or
hydroxo ligands, which are readily absorbed from
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the gastrointestinal tract due to their high ability
to diffuse across all types of cell membranes [3].
It is suggested that Cr(VI) exclusively impairs
cellular energy production, disrupts the homeo-
static metabolism of carbohydrate, protein, and
lipid pathways; deregulates metabolically related
enzymes, and impairs the structural and function-
al integrity of the liver and kidneys [4]. Potassium
dichromate (K,Cr,0,) and sodium chromate (Na-
,CrO,) are two hexavalent chromium salts wide-
ly used in industrial processes such as metallur-
gy, chromium plating, chemical industry, textile
manufacturing, wood preservation, photography
and photoengraving [5]. The main method used
to analyze Cr(VI) in water is the 1,5-diphenylcar-

bazide method, which has been proposed for a

long time [6]. This method is based on the for-

mation, under acidic conditions of a red-violet
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color complex characterized by a UV-visible ab-
sorption band at 540 nm [7, 8]. However, it can
only be used for low concentrations (< 0.3 mg
L"), and dilution is often required. Consequent-
ly, several researchers have been interested in
the direct determination of Cr(VI) ions in water
using the UV-Vis spectrophotometric properties
of Cr(VI) solutions. In a method developed for
natural water, the concentration of Cr(VI) at pH
9 was determined by measuring the height of the
absorption peak at 372 nm [9]. The Cr(VI) species
were quantified by direct determination of Cr(VI)
at 371nm at different pH values [10]. The direct
multi-wavelength determination of Cr(VI) in nat-
ural waters, and urban and industrial effluents has
given results comparable to those of the diphenyl-
carbazide method [11]. From the comparison of
the dilution effect on the determination of Cr(VI)
ions by the direct method and the diphenylcarba-
zide method, it has been suggested that the direct
method is recommended for the quantification
of Cr(VI) at concentrations higher than Img. L
[12]. Concerning the effect of the presence of for-
eign ions, it has been found that the presence of
major ions such as Na*, K, NO,  and CI, does not
affect the direct determination of Cr(VI) ions at
363 nm up to a concentration greater than 1000
mg L. The tolerated concentration limit was 200
mg L' in the case of SO,* and CO,*, 100 mg L™
in the case of AI** and 15 mg L in the case of
Mg?* [13], experiments were carried out in the
pH range 5-7. Recently, some methods such as
isopropyl 2-[(isopropoxycarbothiolyl) disulfanyl
ethane thioate, amino bimodal mesoporous sil-
ica nanoparticles, task-specific ionic liquid, and
acetylcysteine based on dispersive liquid-liquid
microextraction were used for chromium deter-
mination in different samples [14-19]. Also, the
Raman analysis showed that the pH range 2-6 can
be used for Cr(VI) [20]. The present study aims
to optimize the direct determination of Cr(VI) in
the presence of transition metals (Mn(II), Fe(II),
Fe(T1T), Co(IT), Ni(II), Cu(IT), Zn(IT) and Cd(IT))
and organic anions (oxalate, citrate, acetate, and
tartrate).
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2. Material and methods

2.1. Instrumental

Quantitative analysis of UV-visible spectropho-
tometry relies on the Beer-Lambert law which es-
tablishes a relation between the absorption of light
by a substance and its concentration in a solution.
The Beer-Lambert law is valid in the case of mono-
chromatic light, diluted solutions, and in the ab-
sence of interferences from reflection, scattering,
or fluorescence. In the present study, analyses were
performed using Shimadzu 1610, UV-Vis spectro-
photometer. A quartz cell was used for all analyses.

2.2. Reagents

All chemical reagents used in this study are of an-
alytical grade and have not been purified. All solu-
tions were prepared in distilled water. The Cr (VI)
solutions were prepared from potassium dichromate
(ChemischeFabrick (Germany) CAS No:7778-50-
9) and potassium chromate (Sigma—Aldrich (Unit-
ed States) CAS No:7789-00-6). Transition metals
were used as chloride or nitrate salts. Iron (I1T) chlo-
ride (CAS No: 7705-08-0), manganese (II) chlo-
ride (CAS No: 7791-18-6), cadmium (II) nitrate
(CAS No: 10022-68-1), and zinc (II) nitrate (CAS
N°: 10196-18-6) were purchased from BIOCHEM
(France). Nickel (II) chloride (CAS No: 7791-20-0)
and cobalt (II) chloride (CAS No: 7791-13-1), were
purchased from MERCK (Germany). Copper (II)
chloride (CAS No: 10125-13-0) and iron (II) chlo-
ride (CAS No:13478-10-9) were purchased from
NORMAPUR (Spain) and Sigma-Aldrich (United
States) respectively. Organic ions were used as their
potassium, sodium, or ammonium salts. Ammoni-
um acetate (CAS No:8013-60-4), ammonium oxa-
late (H,O, CAS No:6009-70-7), and potassium so-
dium tartrate (CAS No: 6381-59-5) were purchased
from Thermo Scientific Chemicals (United States),
NORMAPUR (Spain) and MERCK (Germany) re-
spectively. Potassium citrate (CAS No: 6100-05-6)
and sodium acetate (CAS No: 127-09-3) were pur-
chased from BIOCHEM (France). Hydrochloric acid
(CAS No:7647-01-0) and sodium hydroxide (CAS
No: 1310-73-2) were purchased from BIOCHEM
(France) and NORMAPUR (Spain) respectively.
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2.3. Procedure

Cr(VI) stock solutions were prepared in distilled
water. Cr(VI) solutions with various concentrations
were obtained by dilution in distilled water. After
pH adjustment using HC1 (0.1M) or NaOH (0.1M),
the absorbance of each prepared solution was mea-
sured (Figure 1). The same procedure was repeat-
ed in the presence of the foreign ions using Cr(VI)
solution with a concentration of 10 mg L' and var-
ious foreign ions concentrations. Stock solutions of
20 mg L' in the case of cations and 200 mg L' in
the case of anions were prepared and used. All the
experiments were performed at least in triplicate.

3. Results and discussion

3.1. Cr(VI) solution characterization

The UV-vis spectra of an aqueous Cr(VI) solution
at a concentration of 10 mg L' (Fig. 2) show two
absorption bands corresponding to charge trans-
fer transitions between oxygen and chromium. In
water, Cr(VI) can be found as Cr,0.*, HCrO,,
and CrO,*. In the three species, simple and double
bonds between chromium and oxygen exist (Fig. 3).
Increasing the pH causes a shift of the absorption
bands towards higher wavelengths (batochrome ef-
fect) and an increase in the intensity of the bands
(hyper chrome effect).

Dichromate solutions
H:6 pi:7 | b

A
AL PHER e

Cr(VT) analysis by Shimadzu 1610 UV-visible
spectrophotometer

Analyzer UV-Vis

Fig. 1. Experimental procedure by UV-visible spectrophotometry
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Fig. 2. Effect of pH on UV-Vis spectra of Cr(VI) solution (10 mg L)

Fig. 3. Structures of Cr (VI) species

The intensity of the UV-Vis bands evolves accord-
ing to three pH ranges (Fig. 4). Despite the possi-
ble presence of two Cr(VI) species (HCrO, and/
or Cr,0,%), absorbance remains stable at pH < 6.
According to the results of Raman spectroscopic
analysis [20], in the pH range 2-6, the dominant
form of Cr(VI) at low concentration as is the case
in our study is HCrO, rather than Cr,O.*. This can
explain the observed stability of the optic density
of the Cr(VI) solution in this pH range. At pH >
8, where CrO 42' predominates, absorbance remains

also stable. The wavelength of the maximum absor-
bance is 350 nm at pH<6 and 372 nm at pH > 8. In
the pH range 6 < pH < 8, where Cr(VI) speciation
evolves from HCrO, to CrO,*, the measured absor-
bance increases with increasing pH and varies with
the nature of chromium salt (Fig. 4). Consequently,
Cr(VI) speciation has a significant effect in this pH
range. In the pH range 6<pH <8, the same effect is
also observed for Cr(VI) concentrations below or
above 10 mg L! (Fig. 5); the measured absorbance
increases with increasing pH.
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Fig. 5. Absorbance evolution of Cr(VI) solution for concentration below 10mg.L™!
in the pH range 6<pH<8 (372 nm)

3.2. Cr(VI) analysis

The above results imply that it is necessary to deter-
mine standard curves for acidic conditions (pH<6) at
350 nm, and for alkaline conditions (pH> 8) at 372
nm. Contrary to what has been suggested in various
studies, direct determination of Cr(VI) is not possible
in the pH range (6 <pH<8). In these studies which
were carried out at some pH values, it was suggested
that Cr(VI) can be directly determined at pH< 6.4
[12] and at pH <7.4 [13]. The results obtained in
the present study show that the Beer-Lambert law is
valid for Cr(VI) concentrations up to 100 mg Cr(VI)
L' at pH<6 and up to 25 mg Cr(VI) L' at pH>8.

At higher concentrations, the absorbance does not
respect the proportionality (Fig. 6). The absorbance
measured at 372 nm at pH>8, increases rapidly with
the increase of Cr(VI) concentration. In these condi-
tions, the absorbance measured for a solution with a
concentration of 25 mg L*! is reached for a concen-
tration three times higher at 350nm at pH<6.

In the two pH ranges, the proportionality is main-
tained up to a concentration of 0.1mg L' (Figures 7
and 8). The value of the mass absorption calculated
from Beer Lambert’s equation is 0.086 mg mol!
cm™ in acidic solutions and 0.028mg mol"! cm™ in
alkaline solutions.
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Fig. 7. Standard curve for Cr(VI) analysis at pH<6.5 (350 nm)
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Fig. 8. Standard curve for Cr(VI) analysis at pH > 8 (372nm)

effect is observed in the case of dichromate salt.
However, in the case of chromate salt, the presence

At pH 2, the presence of Mn(II), Co(II), Ni(II),
Cu(Il), Zn(1I), and Cd(II) with a concentration five

times higher than that of chromium, does not affect
the direct determination of Cr(VI) whatever the salt
used. With increasing pH, the nature of the chro-
mium species seems to have an effect. At pH 4, no

of these metallic cations has a significant effect.
At pH 8, whatever the chromium salt is used, the
presence of metallic ions interferes with the direct
Cr(VI) determination (Fig. 9).
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Fig.9. Effects of metallic cations (Cr(VI):10mg.L")
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Whatever the pH of the solution and the Cr(VI) salt
used, the presence of iron ions [Fe(Ill) or Fe(Il)]
interferes with the direct determination of Cr(VI).
In their presence, the measured absorbance of the
Cr(VI) solution increases significantly (Fig. 10).
This is due to the interference of the absorption of
the two iron chlorides which are characterized by

Anal. Methods Environ. Chem. J. 7 (2) (2024) 18-28

an absorption band at about 334 nm in the case of
Fe(Ill) and 367 nm in the case of Fe(Il)._Whatev-
er the pH, the presence of oxalate, citrate, acetate,
and tartrate anions with a concentration ten times
higher than that of Cr(VI) does not affect its direct
determination (Fig. 11).
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Fig. 11. Effects of anions (oxalate, citrate, tartrate, acetate) (Cr(VI):10mg.L")
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4. Conclusion

The direct determination of Cr(VI) by UV-Vis
spectrophotometry can be successfully applied in
acidic solutions at pH<6 and in alkaline solutions at
pH > 8. The presence of organic anions (oxalate, ci-
trate, acetate, tartrate) has no effect. In the presence
of metallic cations (Mn(II), Co(II), Ni(II), Cu(Il),
Zn(II), Cd(II)), the method must be carried out at
very acid pH (pH: 2). The direct determination of
Cr(VI) cannot be used in the pH range 6.5<pH<8
and in the presence of Fe(II) and Fe(III).
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