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Abstract
An environmentally friendly microextraction method which includes determination of trace levels of rhodamine B in cos-
metic and detergent samples by using UV–vis spectrophotometric determination after enrichment with has been established 
heat-induced homogeneous liquid–liquid microextraction method. As extraction solvent, cyclohexylamine has been used, 
and the rhodamine B concentration in extraction phase was determined at 550 nm by using UV–vis spectrophotometry. The 
major parameters influencing in the method including pH, volume of cyclohexylamine, amount of NaCl, sample volume have 
been assessed. The influences of the matrix components were also investigated. The limit of detection, the limit of quanti-
tation and linear range were found as 0.014, 0.047  and 0.047–4.79 μg  mL−1, respectively. The relative standard deviation 
was 1.03%. The extraction procedure was applied to determination of rhodamine B in the cosmetic and detergent samples.
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Introduction

Some synthetic coloring dyes caused serious health prob-
lems if used differently from the safety conditions speci-
fied by the food and agriculture organization and the world 
health organization. According to the Regulation (EC) No 
1223/2009, published in the Official Journal of the European 
Union, has prohibited the use of 1328 compounds in cos-
metic products. Rhodamine B (Rh-B), 9-(2carboxyphenyl)-
3,6-bis(diethylamino) xanthylium chloride, is among the 
oldest and most widely used synthetic dyes identified as 
additives. Rh-B, a synthetic hydrophilic xanthene dye, is an 

organic pollutant commonly used as a colorant in the leather, 
dyeing, paper, plastic and textile industries, foodstuffs, bio-
logical studies, analytical chemistry, a pigment in drug and 
cosmetic preparations. Also used in the food industry as a 
colorant to increase the visual appeal of the product due to 
its low cost, Rh-B belongs to the class of xanthan dyes and 
is highly soluble in water and alcohol. Rh-B is harmful to 
humans and animals, causing serious damage to skin, eyes 
and respiratory system. In recent years, it has been proven 
by research that long-term exposure of Rh-B due to its high 
toxicity causes various potential disorders such as carcino-
genic effect on humans and animals, irritation of eyes and 
skin. Due to the serious health problems caused by Rh-B, it 
is desirable to develop simple, highly accurate and reliable 
methods for determining Rh-B in real samples such as food 
and cosmetic products with detrimental effects [1–11]..

So far, for the determination of Rh-B, high-performance 
liquid chromatography (HPLC) [12–14], liquid chroma-
tography-mass spectrometry (LC–MS) [15, 16], LC—tan-
dem mass spectrometry [17, 18], voltammetry [19–21] and 
spectrophotometry, fluorescence spectrophotometry [22, 
23], and electrokinetic capillary chromatography [24] have 
been used. Spectrophotometric techniques are a good choice, 
with wide availability, such as the analysis of organic com-
pounds, including measurements in ultraviolet and visible 

This study is a part of PhD thesis of Zeliha Erbas.

 * Mustafa Soylak 
 soylak@erciyes.edu.tr

1 Faculty of Sciences, Department of Chemistry,  Erciyes 
University, 38039 Kayseri, Turkey

2 Technology Research & Application Center (TAUM), 
Erciyes University, 38039 Kayseri, Turkey

3 Science and Technology Application and Research Center, 
Yozgat Bozok University, 66200 Yozgat, Turkey

4 Turkish Academy of Sciences (TUBA), 
06670 Ankara, Cankaya, Turkey

http://orcid.org/0000-0002-1017-0244
http://crossmark.crossref.org/dialog/?doi=10.1007/s13738-022-02579-8&domain=pdf


3936 Journal of the Iranian Chemical Society (2022) 19:3935–3942

1 3

wavelengths as the most accurate, low cost, most accessible 
device. Spectrophotometry is a good choice, especially for 
the evaluation of species by routine laboratories, large peaks 
overlap and serious analytical problems are solved only by 
curve analysis techniques, and accordingly such approaches 
are highly recommended for quantitative analysis of food 
dyes. Different food matrices due to low instrumentation 
cost and high molar absorptivity values   complementing the 
ability to work with non-experts.

The sample preparation step in an analytical process 
typically consists of an extraction procedure resulting in 
the isolation and enrichment of the respective components 
from a sample matrix. The extraction can vary in selectiv-
ity, speed and degree of suitability and depends not only 
on the approach and conditions used, but also on the geo-
metric configurations of the extraction step [25–27]. Sep-
aration-preconcentration methods such as coprecipitation 
[28], cloud point extraction (CPE) [29–31], liquid–liquid 
extraction (LLE) [32, 33] and solid-phase extraction (SPE) 
[34–37] are among the enrichment methods used for the 
determination and determination of low concentrations of 
analytes by separating from the complex matrix medium 
in extraction studies. However, these techniques are time 
consuming and require the use of large amounts of toxic 
and hazardous organic solvents. In recent studies, it has 
been aimed to minimize the disadvantages of traditional 
approaches with the development of economical and minia-
turized sample preparation methods, and to protect the envi-
ronment against the use of high amounts of solvents and to 
reduce costs through miniature studies. Therefore, there is a 
tendency to fast, simple and miniaturize extraction methods 
by reducing the consumption of organic solvents. In recent 
years, different liquid-phase microextraction (LPME) meth-
ods have been developed with good extraction efficiency. 
LPME is the preferred enrichment method for separating 
analytes from the sample matrix with a simple and powerful 
enrichment method that reduces extraction time, simplicity, 
low reagent consumption and organic solvent exposure [38, 
39]. Therefore, including single drop microextraction, float-
ing organic drop microextraction, homogeneous liquid–liq-
uid extraction and dispersive liquid–liquid microextraction 
(DLLME) technique are the fundamentals of LLE which get 
same miniaturized separation-preconcentration techniques 
have been developed [40–47].

Homogeneous liquid–liquid extraction (HLLE) is a 
simple and excellent separation-preconcentration method 
which reduces extraction time, cost, consumption, green 
and exposure to the organic solvent to bring the desired 
analyte present in the homogeneous solution to the organic 
phase immiscible with water by the organic phase separa-
tion phenomenon [48–52]. The HLLE method is simple and 
rapid, and only the reagent needs to be added. In HLLE 
during the extraction procedure as compared to LLE and 

DLLME, there is no interface between the water phase and 
the organic phase water-immiscible, namely before phase 
separation the surface area of the interface is extremely large 
[52–56]. Therefore, no vigorous shaking is compulsory and 
provides the advantage of rapid extraction by facilitating 
mass transfer [56–60].

The main aim of this study is to develop a new sample 
preparation method by applying the heat-induced HLLME 
method to determine rhodamine B in real samples. Different 
analytical parameters were studied and optimized to achieve 
high extraction efficiency of Rh-B and analyzed using a 
UV–vis spectrophotometer.

Experimental

Instrumentation

The instrumental detection system used Hitachi model UH 
5300 spectrophotometer was utilized for the evaluation of 
under study of Rh-B content in extraction solvent phase. A 
centrifuge Hettich Rotofix 32 model centrifuge (Bucking-
hamshire, England) was performed using for complete phase 
separation. Additionally, the pH meter with Nel pH 900 
(Ankara-Turkey) supplied with a combined glass-electrode 
was used for the pH measurements in the aqueous phase.

Chemicals and reagents

All chemicals and analytical reagents used were of analyti-
cal grade in this work. Before the experimental parameters 
began, the stock solution of Rh-B had been prepared the 
dissolving by appropriate amount of Rh-B in ethanol. The 
working solutions were obtained by appropriate diluting 
of stock solution. The buffer solutions given in the litera-
ture were used in the presented work. Cyclohexylamine 
was obtained from Merck (S21253 729 Merck-Schuchardt, 
Germany) and except if otherwise stated, analytical-grade 
sodium chloride and other chemicals used in this study were 
obtained from Merck (Darmstadt, Germany). All the experi-
ments were performed using ultrapure water system (Bed-
ford, MA, USA), Resistivity 18.2 MΩ  cm−1).

Homogeneous liquid‑phase microextraction 
procedure

Figure 1 offers a scheme for the extraction method of Rh-B 
by the improved methodology. In the present study for Rh-B 
preconcentration, an aliquot of 10 mL aqueous solution con-
taining 0.9 μg  mL−1 Rh-B of that adjusted with appropriate 
volume of desired buffer was placed in a 50 mL centrifuge 
tube. After adjusting the pH 11.0, then, 3.0 g of NaCl salt 
was added into to a solution containing the Rh-B, and the 
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solution was shaken for 10 s to obtain a homogeneous solu-
tion. After shaking the centrifuge tube, 350 µL of cyclohexy-
lamine was added to the tube and immersed in a heated ultra-
sonic water bath for 8 min. at 40 ◦C. From the homogeneous 
solution, a cloudy solution was conducted so that Rh-B was 
extracted into the extraction phase. This cloudy solution was 
subjected centrifugation for 10 min at 4000 rpm so that, fine 
droplets the dispersed was accumulated in the upper phase 
containing the cyclohexylamine. Then, aqueous phase was 
carefully removed by a syringe and the total volume of the 
extraction phase was adjusted up to 1 mL with ethanol. Rh-B 
content in the final solution was determined by UV–vis spec-
trophotometer at 550 nm.

Applications

The developed method was applied to 2 pieces of lipstick, 1 
bottle of acetone (nail polish remover), 1 bottle of cologne 
and 1 glass cleaner solution from Kayseri markets. Prepara-
tion of lipstick samples; 10 mL of ethyl alcohol was added 
to the samples, taken from 0.1 g of lipstick samples. The 
mixture was vibrated in the ultrasonic bath for about 30 min 
and shaken in the rinse bath for 1 h [50]. This mixture was 
then centrifuged to separate between the insoluble material 
and the Rh-B in ethyl alcohol. The insoluble material will 
appear at the bottom, and Rh-B solution will be on the top. 
0.1 mL was taken from this solution, and the method was 
applied. 10 mL of cologne and 10 mL of nail polish remover 
solutions were taken, and the acetone and the alcohol in 
these solutions were removed in a hot water bath (~ 50 °C). 
The obtained volume from each sample was approximately 
0.5 mL and was filled up until 10 mL with ethyl alcohol and 

water. Then, the microextraction method applied in 1 mL to 
each sample [10].

Results and discussion

The presented method is based on the use of a water-sol-
uble organic solvent with low dielectric constant, such 
as cyclohexylamine, to obtain a homogeneous solution. 
Cyclohexylamine dissolves here at low temperatures. After-
ward, when the solution is heated, its solubility decreases, 
resulting in a two-phase system as extraction solvent, and 
is distributed to all parts of the solution. At this stage, rho-
damine B is extracted into the extraction solvent and deter-
mined by using UV–vis spectrophotometer.

The recovery values calculated by using

formulae. In the formulae, Cext and Cref are concentra-
tion of rhodamine B in final solution, and concentration of 
rhodamine B in reference solution, respectively.

Effect of pH

The effect of the pH of the sample solution on extraction 
efficiency was investigated by preconcentration of Rh-B 
with liquid-phase microextraction method. The developed 
method to model solutions ranging from pH 2.0–12.0 was 
applied. The change in recovery efficiency with pH is given 
in Fig. 2. As the pH value shifted from the acidic region to 
the base region, it was observed that the extraction efficiency 
increased and the quantitative recovery of pH 10.0–12.0 was 

(Cext∕ Cref) x 100 = Recovery %

Fig. 1  Schematic representation of microextraction of rhodamine B
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obtained. As working pH for further works, pH11.0 was 
selected as 11.0 with the buffer solution. The quantitative 
recoveries of rhodamine B under alkaline conditions may be 
related to structure of cyclohexylamine as extraction solvent.

Optimization of salt amount

Cyclohexylamine, which is soluble in the aqueous medium 
at room temperature, is converted to nonpolar form and 
thus forms an extraction phase by changing the solution 
temperature and the mediums ionic strength. In this study, 
NaCl salt was used to adjust the ionic strength. In 10 ml 
model solution that contains 1.0–5.0 g of NaCl salt was used 
to the developed method. In low salt addition (1 g), it was 
observed that the phases of nonpolar extraction solvent did 
not occur. Therefore, increasing the amount of additional salt 
was necessary to obtain significant extraction phases. It was 
observed that an effective extraction phase was formed in 
2.0, 3.0 and 4.0 g salt additions, and the quantitative results 
for rhodamine B were obtained (Fig. 3). According to the 
results, optimum amount of NaCl was chosen as 3.0 g. It is 

shown that the salt is necessary for the quantitative recov-
eries of analyte. The recoveries of rhodamine B were not 
quantitative without and too low salt concentrations. Also, 
the recoveries were decreased and not quantitative after 4.0 g 
of NaCl may be due to high ionic strength of the working 
media.

Effect of temperature

When a solvent is added to the solution medium, the kinetic 
energy of the solvent molecules and the interactions between 
the solute and the solvent molecules influence the attractive 
forces between the soluble particles. If the solvent is heated, 
the average kinetic energy of its molecules increases and it 
causes form more micelles. Increasing the temperature usu-
ally increases the solubility of the substances. As tempera-
ture increases, the solubility of cyclohexylamine decreases 
in water, which is not very common. The interaction between 
cyclohexylamine and water molecules is affected by hydro-
gen bonds. At high temperatures, hydrogen bonds were 
weakened, and therefore, making the solubility of cyclohex-
ylamine in water decreases at high temperatures compared to 
low temperatures. The effect of temperature on the formation 
of nonpolar cyclohexylamine phase and extraction efficiency 
was studied. The effect of the sample solution temperature 
on the extraction efficiency was studied in 40–80 °C range, 
and the results are shown in Fig. 4. Further studies were 
performed at 40 °C to improve the proposed method.

Effect of cyclohexylamine volume

For Rh-B extraction, 3 parallel model solutions that 
have been prepared then added cyclohexylamine in vol-
umes ranging from 200–500 µL and the method was 
applied. The results are given in Fig. 5. The quantitative 
results are obtained in 300–500 µL cyclohexylamine. The 

Fig. 2  The influence of pH on the recovery of Rh-B in the extraction 
method (N = 3)
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Fig. 3   The influence of NaCl amount on the extraction procedure of 
Rh-B (N = 3) Fig. 4  Effect of temperature on the extraction of the Rh-B (N = 3)
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cyclohexylamine volume is chosen as 350 µL for further 
works.

Effect of sample volume

The developed method was applied to the model solutions 
varying in volumes, and the recovery values were calcu-
lated from the obtained results. Based on the observation, 
the recovery values of 10 mL sample volume were quantita-
tive, but at higher volumes, the recovery values were not 
quantitative. As the results, the preconcentration factor was 
obtained as 10 when the sample volume was 10 mL and the 
final volume was 1 mL.

Matrix effects

In the separation-preconcentration techniques, the possible 
interfere effects of the matrix components of real samples 
should be investigated prior to their instrumental detections 
[61–67]. In the developed homogeneous liquid–liquid micro-
extraction method, some ions and dyes in different concen-
trations that may have a disruptive effect were added to the 
model solutions containing Rh-B and their effects on the 
method were examined. The recovery values obtained after 
applying the method are given in Table 1. At the values 
given in Table 1, it was observed that Rhodamine B was 
quantitatively recovered in the presence of matrix species in 
the homogeneous liquid–liquid extraction method.

Analytical performance

The microextraction method developed under optimum con-
ditions was applied to the containing solutions Rh-B con-
centration in the final volume was determined by UV–vis 
spectrophotometer. The calibration curve obtained for the 
method is y = 0.0214 + 0.1476x (y = means the absorbance, 
x = concentration of Rh-B) with a regression coefficient of 
0.996  (r2).

The developed method was applied to 10 parallel blind 
samples to determine the limit of detection (LOD) and limit 
of quantification (LOQ). The value of the detection limit of 
the method calculated by dividing the 3 times (3 s) of the 
standard deviation of the absorbance values obtained from 
blank analyzes by the slope of the calibration curve (m) and 
the limit of quantification was also calculated by dividing 
the 10 times (10 s) of the standard deviation of the absorb-
ance values obtained from the blind analyzes by the slope 
of the calibration line (m). The limit of detection, the limit 
of quantitation and linear range were found as 0.014 , 0.047  
and 0.047–4.79 μg  mL−1, respectively. The relative standard 
deviation (RSD) was calculated to be 1.03% (N = 7). The 
preconcentration factor was calculated by calculating the 
ratio of the high model solution volume (10 mL) to the final 
volume (1 mL), which was found to be 10.

Applications

In order to test the accuracy of the method that we applied, 
analytes were added to the real samples and their recov-
erability was evaluated. The method was applied with 3 
parallel of each sample, and the final volume of Rh-B con-
centration was measured by UV–vis spectrophotometer. 

0

20

40

60

80

100

200 300 400 500

R
ec

ov
er

y,
 %

 

Volume of cyclohexylamine (µL)

Fig. 5  Effect of cyclohexylamine volume on the recovery of Rh-B 
(N = 3)

Table 1  The effect of some matrix components on the recoveries of 
rhodamine B(N = 3)

Matrix Species Added As Concentration 
(µg  mL−1)

Recovery, %

Fe3+ Fe(NO3)3  9H2O 10 95 ± 1
Cd2+ Cd(NO3)2.4H2O 10 94 ± 1
Zn2+ Zn(NO3)2.6H2O 5 92 ± 0
Mn2+ Mn(NO3)2.4H2O 5 97 ± 2
Co2+ Co(NO3)2.6H2O 5 97 ± 0
Pb2+ Pb(NO3)2 5 98 ± 0
CO3

2− Na2CO3 100 100 ± 2
K+ KCl 250 99 ± 0
Cl− KCl 250 99 ± 0
F− NaF 20 97 ± 2
Na+ Na2SO4 250 102 ± 2
SO4

2− Na2SO4 250 102 ± 2
NO3− NaNO3 250 96 ± 2
Ni2+ Ni(NO3)2.  6H2O 10 96 ± 1
Al3+ Al(NO3).9H2O 10 102 ± 0
S2O3

2− Na2S2O4 5 102 ± 2
Sudan I 1 99 ± 0
Curcumin 2 99 ± 0
Sudan Orange G 0.25 102 ± 0
Allure red 0.125 100 ± 2
Pararosaniline 2 102 ± 3
Chromotrope FB 2 108 ± 1
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The results are given in Table 2. Quantitative recovery 
values are obtained for all additions. The results show that 
the liquid-phase microextraction method that we applied 
is working quantitatively in matrix mediums.

Conclusion

In the present work, with a facile and competent version 
of (CHA-based) liquid–liquid microextraction based on 
heat-induced homogeneous liquid-phase microextraction 
method was proposed for separation and preconcentration 
of Rh-B in cosmetic products and cleaning products in 
advance being analyzed by UV–vis spectrophotometry. It 
is possible to analysis by use of UV–vis spectrophotom-
eter, which is cheap and easy to use instead of expensive 
instruments such as HPLC, LC–MS, which are used in the 
determination of Rh-B. This method is environmentally 
sensitive due to even though the use of organic solvents 
cannot be completely eliminated, and it is simple and fast 
and it has a low cost and short extraction period. The pos-
sible matrix effects were investigated in the method, and 
no significant interference was not found. HLPME method 
and UV–vis spectrophotometry analysis combination indi-
cate comparison of other literature methods in terms of 
analytical performance parameters and applicability that 
our method is simple, inexpensive and has comparable 
detection limit, extraction time, repeatability (RSD, %) 
and fast and that can be successfully applied for separa-
tion, preconcentration and determination of the Rh-B in 
different real samples (Table 3). The main advantages of 
the method provide accurate analysis, high reproducibil-
ity and high extraction efficiency by using a low amount 
of samples. Also, we have some separation and precon-
centration procedure including solid-phase extraction 
[10] and dispersive liquid–liquid microextraction [68] 
for traces Rhodamine B in different matrices prior to its 

Table 2  Tests of addition-recovery for Rh-B in different matrix media 
(N: 3)

a Mean ± standard deviation

Sample Added (µg) Found (µg) Recovery (%)

Cologne 0 1.15 ± 0.05 a

1.44 2.63 ± 0.11 103
2.87 3.65 ± 0.10 87

Nail polish remover 0 0.45 ± 0.02
1.44 1.91 ± 0.11 101
2.87 3.34 ± 0.06 101

Lipstick (I) 0 4.42 ± 0.10
0.96 5.36 ± 0.12 98
1.92 6.54 ± 0.05 110

Glass Cleaning Water 0 0.97 ± 0.05
1.437 2.33 ± 0.17 95
2.87 3.50 ± 0.16 88

Lipstick (II) 0 1.62 ± 0.05
0.96 2.79 ± 0.03 122
1.92 3.77 ± 0.11 112

Table 3   Comparison of some analytical properties with other procedures in the literature for the determination of Rh-B in the proposed extrac-
tion method

PF Preconcentration factor, LOD limit of detection

Method-instrument Sample (s) pH PF Working 
range (μg 
L −1)

RSD, % LOD, μg L −1 Ref

UV–vis Spectrophotometry-Cloud point 
extraction

Soft pastel, dyes, soap, Matches tips − 8.5 5–550 2.40 1.3 [67]

IL-based DLLME- fiber optic-linear 
array detection spectrophotometry 
(FO-LADS)

Water, lipstick, dye and soap 5 65.5 5–100 1.3 1.05 [69]

Magnetic solid-phase extraction- Spec-
trofluorimetry

Dishwashing foam and liquid, 
shampoo, pencil, matches tips, eye 
shadows samples

6 − 0.35–5 4.2 0.10 [70]

Voltammetric method Preserved fruit, Fruit juice 4 − 4.78–956.1 2.16 2.93 [71]
Online micellar-enhanced spectrofluori-

metric determination
Lipstick − − 0.77–479 − 0.24 [72]

Heat-induced homogeneous liquid–liq-
uid microextraction—UV–Visible 
spectrophotometry

Lipstick, cologne, nail polish cleaner 
(acetone), detergent

11 10 46–479 1.03 14 This work
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spectrophotometric detection. The presented procedure is 
easier and faster than both these procedures [10, 68].
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