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ABSTRACT. This work describes cloud point extraction combined with the adsorption onto magnetic nanoparticles
(MNPs) for separation and spectrophotometric determination of crystal violet (CV). Briefly, CV molecules were
adsorbed on MNPs and transferred into the surfactant-rich phase of Triton X-114. Subsequently, the target analyte
was desorbed from MNPs by acidified ethanol and detected spectrophotometrically. The impact of experimental
conditions, including pH, electrolyte, amount of Triton X-114 and MNPs, incubation temperature and time, type,
and volume of the eluent was investigated. The calibration curve was linear in the range of 1.5-250.0 pugL™"' of CV.
A preconcentration factor of 42.9 was obtained, and the detection limit for CV was 0.5 pgL™". The intra-day and
inter-day relative standard deviations (RSD) for five replicate analyses of CV (100 pgL™") were 1.7% and 2.1,
respectively. The developed approach was effectively used for quantitative analysis of CV in environmental water
samples with accepted recovery (97.0-101.2%). The procedure is accurate, precise, rapid and low-cost.

KEY WORDS: Cloud point extraction, Solid phase extraction, Fe304 nanoparticles, Crystal violet, Wastewater
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INTRODUCTION

The effusion of pollutants from wastewater is currently one of the world's most serious issues.
Textile industries contribute significantly to the global economy and environmental damage.
Textile effluent includes dyes, heavy metals, surfactants, and other chemicals that are often highly
poisonous, non-degradable, and difficult to remove using traditional wastewater treatment
procedures, and therefore they pose significant threats to ecosystems and humans [1-3].

Crystal violet (CV) is a basic (cationic) dye employed in many dyeing industries and can
persist in the environment due to its resistance to biodegradation. Human toxic effects of CV
depend on the route of administration and include eyes, skin, and gastrointestinal tract irritation
[4]. On the other hand, the presence of pigments in water sources blocks light from marine
organisms leading to the scarcity of life in these places [5]. Therefore, it is necessary to handle
effluents containing dyes to provide a safe and clean environment [6, 7].

Several techniques have been employed to remove dyes, including biodegradation [8],
ultrafiltration [9], reverse osmosis [10], ozonation [11], and adsorption [12]. Due to their
simplicity, low cost, and flexibility, adsorption-based treatments (solid phase extraction, SPE)
have become increasingly prevalent in recent years [13]. For this purpose many adsorbents , such
as active carbon [14], clays [15], metal oxide nanoparticles [16], and nanocomposites [17] have
been used. Among the adsorbents, magnetic nanoparticles (MNPs) have become of major interest
owing to their excellent adsorption properties as well as the capacity to separate quickly and easily
by applying external magnets [18]. To date, iron oxide nanoparticles (such as magnetite, Fe;O4)
have been the most widely accessible MNPs. Significant advancements in MNPs have been
achieved to increase their effectiveness in treating water using various techniques, including
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chemical functionalization, or doping with other active molecules [19-21]. Despite many benefits
and advantages of the SPE, it suffers from some shortcomings, such as time-consuming,
expensive, agglutination of sorbent, relatively low reproducibility, poor dispersibility, and
disposal of hazardous solvents [22].

Most of the disadvantages of SPE could be solved by employing surfactants, which have the
properties of contact at the liquid-solid interface and are arranged into supramolecular structures,
resulting in stable colloidal dispersions [23]. Adsorption of surfactant molecules onto the surface
of the employed sorbent causes steric or electrostatic repulsions, which improve their wetting
properties [24]. Surfactants can also help separate the solid sorbent from the aqueous medium by
causing clouding above a certain temperature, which is the foundation of the eco-friendly
technique of cloud point extraction (CPE) [25-27]. The combined use of CPE approach and
adsorption onto multi-walled carbon nanotubes enables the effective removal of Rhodamine
B from water samples [28]. In a recent study, Abdelwahed ef al. applied a combined CPE and SPE
using montmorillonite as natural adsorbent for preconcetration of lead ions prior analysis of food
samples [29]. A novel spectrophotometric technique for determining methylene blue in water
samples has been developed. The approach is based on a combination of dispersive SPE and CPE
with Cu(OH), nanoflakes as an adsorbent [30]. The incorporation of magnetic nanoparticles (such
as nickel/zinc ferrite) in CPE reduced extraction time by eliminating the centrifugation and
freezing steps required for the traditional CPE. The approach was applied for spectrofluorometric
determination of citalopram, an anti-dipressive drug, in biological and pharmaceutical samples
[31]. A coupled magnetic SPE-CPE employing reduced graphene oxide-Co3O4 nanocomposite as
an effective adsorbent was employed for the separation, and determination of Sunset Yellow in
food samples by spectrofluorometry [32].

The major purpose of this work was to explore the feasibility of employing CPE in the
presence of MNPs (Fe3O4) to remove CV from aqueous solutions. The approach combines the
benefits of adsorption onto MNPs with concentration of the target dye into the surfactant-rich
phase, leading to effective and rapid removal. To achieve high extraction recovery of CV, the
suggested approach was adjusted for pH, amount of Triton X-114, mass of MNPs, sample volume,
and extraction time. To the best of our knowledge, no earlier studies have described the advantages
of using the CPE/MNPs system for dye removal from water samples.

EXPERIMENTAL
Chemicals

Analytical-grade chemicals were utilized in the work. MNPs (Fe3O4, Snm diameter) were
purchased from Nanotech Egypt for Photo-electronics Co. (6™ of October City, Egypt). A 1000
mg L' solution of CV (Alpha Chemica, India) was prepared by dissolving 1.0 g in 1000 mL of
deionized water. Working solutions of CV were prepared by serial dilution of this stock solution.
Triton X-114, octyl phenol polyethylene glycol ether, was obtained from Sigma (St. Louis, MO,
USA). Acetate buffer (pH 4.0-5.0) and phosphate buffer (6.0-8.0) were used to examine the
influence of pH on the extraction and determination of CV.

Instrumentation
Absorbance was measured using a 7305 Genway UV-Vis spectrophotometer (Staffordshire, UK)
at 590 nm. The pH was determined using a digital pH meter (Hanna Instruments Inc, RI, USA).

During the extraction procedure, a thermostat bath (Memmert, Germany) was used for
temperature control.
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Optimization procedure
The factors affecting the performance of the extraction procedure were investigated and optimized
to achieve a good recovery, by using the univariate approach which means changing one
parameters at a time and keeping all other variables constant [33]. Table 1 illustrates the studies

range for each variable.

Table 1 Studies range for experimental variable during optimization of the extraction procedure.

Variable Studies range

pH 4.0-8.0

Concentration of Triton X-114 0.05-0.15v/v%

Mass of Fe3O4 2.0-6.0mg

Equilibrium temperature and time 25.0 —55.0°C/ 10 — 30 min

Eluent type Ethanol, ethanol/HNOs (5:1 v/v), acetone, NaOH
(0.1 mol L'

Eluent volume (ethanol/HNOs 5:1 v/v) 250 — 500 pL

Extraction procedure

An aliquot (15.0 mL) of 10 mg L' of CV was mixed in a flask with 4.0 mg of MNPs and Triton
X-114 at the required pH. The suspension was then stirred for 1.0 min by a vortex to disperse the
MNPs into the solution and incubated in the thermostat water bath at 45 °C for the desired time.
At this stage, a cloud solution was obtained. After that, the MNPs were collected at the side of the
tube by an external magnet. The separated CV onto MNPs was eluted by ultrasonication with
350.0 pL of ethanol/HNO3 mixture (5:1) for 5.0 min. Then, the MNPs were separated from the
eluent by the magnet and the eluent was centrifuged and analyzed for CV at 590 nm by UV-Vis
spectrophotometer. The extraction recovery was calculated using the following equation:

Measured concentration of extracted CV
R (%) = x 100 1)

Concentration of added CV

Water samples

River water samples and wastewater effluents from textile industries (n = 3) were collected in
light-protected polypropylene containers. Before the analysis of CV by the presented procedure,
the water samples were passed through a 0.45 um membrane filter. 15 mL of the sample was
subjected to the procedure.

Calculation

The limit of detection (LOD) and limit of quantification (LOQ) were calculated using the
following relations [34].

3s
LOD = — 2
LoQ = (3)

where s is the standard deviation of 5 independent measurements of the blank sample while S is
the slope of the calibration line after the extraction procedure.
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RESULTS AND DISCUSSION
Optimization of the extraction procedure

The main factors needed for the extraction procedure, i.e., pH, amount of MNPs, concentration of
Triton X-114, temperature, and type of eluent, were optimized using the univariate method.

The impact of pH on the extraction of CV by the suggested procedure was investigated in the
range of 4.0-8.0 by using the suitable buffer as mentioned in the experimental section. The results
in Figure 1 imply that CV has maximal and quantitative extraction when pH is > 5.0. As described
in a previous study, this pH is higher than the point of zero charge (pHpzc) of Fe;O4 (pHpzc = 2.1)
[35], thus its surface is negative, and the cationic molecules are adsorbed more effectively on the
surface. Therefore, before processing CV-containing samples, the pH was adjusted to 5.0 by
adding acetate buffer (1.0 mL, pH 5.0).
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Figure 1. Effect of pH on the extraction of CV
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Figure 2. Influence of Triton X-114 on the extraction of CV.
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Triton X-114 was used as an extraction solvent in this study owing to its commercial
accessibility in pure form, low toxicological characteristics, and low cost. Furthermore, Triton
X-114 has an adequate cloud temperature range (25-30 °C) making it suitable for the extraction
of'a wide range of analytes [36]. The effect of Triton X-114 on the extraction procedure was shown
in Figure 2. As presented, the extraction increased by increasing the concentration of Triton X-
114 and reached a maximum limit at 0.07 v/v% of Triton X-114. These findings which agree with
other studies may be associated with micelle production; as the surfactant concentration increases,
more micelles form in the solution, and more analytes shift to the micellar system [37, 38]. Once
the micelles are extracted from the aqueous solution, the target analyte is also enriched by phase
separation. Therefore, 0.07 v/v% of Triton X-114 was selected as the optimum level.

The effect of MNPs dose was presented in Figure 3. The results illustrate that when the
quantity of MNPs is more than 4 mg, the extraction of CV remains nearly constant. As a result,
the optimal adsorbent quantity for this process was 4 mg of MNPs. This amount is lower than
amounts of applied adsorbents reported in similar previous studies in the literatures [28, 39, 40].
These results highlights the effectiveness of Fe;O,4 for adsorption of CV from aqueous solutions.
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Figure 3. Effect of amount of MNPs on the extraction of CV.

Temperature is a vital variable for CPE since phase separation happens only if the temperature
exceeds the cloud point temperature of the employed surfactant [41]. The consequences of
equilibration temperature and time on the extraction of CV were examined and the results were
summarized in Figure 4. As shown, the maximum extraction was achieved when the solution was
equilibrated at 45 °C for 20 min. The extraction recovery improved as the temperature increased
since the nonionic surfactant became more hydrophobic. As the temperature increased the
surfactant's dehydration improved, contributing to micelle repulsion and aggregation [42].
Therefore, incubation at 45 °C for 20 min was chosen as the optimal equilibrium temperature and
time, respectively.

Bull. Chem. Soc. Ethiop. 2025, 39(2)



430 Ali El-Rayyes and Wael I. Mortada

100
90 +
80
70+

60

Recovery (%)

50

40

30+

25 30 35 40 45 50 55

Temperature (°C)

Figure 4. Effect of incubation temperature and time on the extraction of CV.

To release CV form MNPs that were enriched in the surfactant phase, several eluents (ethanol,
5:1 ethanol/HNO; mixture, acetone, and 0.1 mol L' NaOH) were investigated. According to the
results presented in Figure 5, the ethanol/HNO; mixture (5:1 v/v) led to the maximum recovery.
The effect of varied volumes of this solvent in the range of 250-500 pL was tested. The findings
revealed that the recovery increased until it ultimately reached a plateau at 350 pL. Eluent levels
exceeding 350 pL did not substantially enhance the extraction efficiency. Therefore, 350 uL of a
5:1 v/v ethanol/HNO; mixture was chosen as the eluent for the remaining assays. Considering
that the sample size is 15.0 mL, the preconcentration factor (PF) for this is 42.9.
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Figure 5. Effect of eluent type on the recovery of CV.
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Selectivity

The effect of potential interfering species on the extraction of CV was studied by applying the
present procedure to a binary mixture containing 100 pg L' of CV and different amounts of the
concomitant species. According to its definition, the tolerance limit is the highest concentration
at which the extraction recovery changes by less than 5% [43]. The findings in Table 2 show that
the most common species present in real samples did not interfere with the extraction of CV
indicating the selectivity of the procedure.

Table 2. Effect of concomitant species on the recovery of CV (n = 3).

Concomitant species Tolerance limit (mg L")
Na', K', NH4', CI, NOs, SO4* 1000.0

Mg?*, Ca*', Cd*', Pb*, Ni*', Cu*', Zn*', AI**, Fe** 500.0

Allura red, Rhodamine B 25.0

Brilliant green, eosin 5.0

Methylene blue 1.0

Analytical performance and comparison with other procedures

The analytical characteristics of the approach were assessed in the basics of linear range, limit of
detection (LOD), and limit of quantitation (LOQ), under the optimum conditions. The procedure
exhibits linearity in the range of 1.5-250.0 pg L. The LOD and LOQ were calculated as 0.5 and
1.5 pg L by applying Eq. (2) and Eq (3), respectively. For five duplicate analyses of CV at a
concentration of 100 ug L', the intra-day and inter-day relative standard deviations (RSD) were
2.1 and 1.7%, respectively.

A comparison between the current procedure and other previous approaches for the extraction
of CV presented in Table 3. As we see, our procedure shows lower a LOD and a higher
preconcentration factor (PF) than those of the other procedures.

Table 3. Comparison of analytical features with other extraction procedures for CV.

Extraction procedure Linearity (ug L") [LOD (ug L')| LOQ (ug L") | PF | RSD (%) | Ref
Cloud point extraction 2.0 —400.0 0.7 2.0 25.0 - [44]
Cloud point extraction 100.0 — 800.0 5.1 - - 4.5 [45]
Magnetic-nanoparticle- 100.0 — 600.0 25.0 - - 39-59 | [46]

based dispersive  solid
phase extraction

Solid phase extraction| Up to 200.0 1.3 - 200.0 1.3 [47]
using SBA-3
Solid phase extraction 5.0-225.0 1.8 54 - 6.2-84 | [48]

using a rotating disk coated
with polydimethylsiloxane

Cloud point extraction 1.5-250.0 0.5 1.5 429 | 1.7-2.1 | This
combined with the work
adsorption onto magnetic

nanoparticles

Application to wastewater samples
To validate the procedure, water samples were analyzed for CV using the optimized procedure.
The accuracy was estimated by calculating the recovery of the target analyte after adding a known

amount of CV to the sample. As listed in Table 4, there was substantial agreement between the
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added and measured CV concentrations. The recovery limits computed from the spiking standards
ranged from 97.0 to 101.2% and RSD less than 2.2%. These findings demonstrated that the
presented procedure could be utilized to separate and analyze CVs successfully.

Table 4. Analysis of CV in wastewater samples.

Sample Added (ug L") | Measured (ug L") Recovery (%) | RSD (%)

River water (The Nile River) 0.0 Not detected - -
10.0 9.8+0.21 98.0 2.1
25.0 25.3+0.37 101.2 1.5

Wastewater (textile 0.0 2.3+0.04 - 1.7

effluents) 10.0 12.0+0.26 97.0 2.2
25.0 26.9+0.41 98.4 1.5

CONCLUSION

The findings of the work show that cloud point extraction, along with adsorption onto magnetic
nanoparticles, is an effective procedure for the separation and determination of crystal violet.
Because the MNPs were well dispersed in the aqueous phase, there is no need for centrifugation
to separate the phases. Moreover, the technique is quite straightforward and inexpensive. This
approach is precise and selective, with high recovery (97.0-101.2) and low detection and
quantification limits (0.5 and 1.5, respectively). This simple approach could be used to detect trace
quantities of crystal violet in water samples.
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