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Abstract: This work describes the development of new spectrophotometric techniques
for 3-aminophenol assessment. The first technique involves using benzidine in an
alkaline solution to convert 3-aminophenol into a colored complex. The produced
complex has a red color with an absorbance of 462 nm. Between the concentration
range 5-14 ug mL™., Beer's law is obeyed with a correlation coefficient (R?) of 0.99781,
a limit of detection (LOD) of 0.0423 ug mL™", and a limit of quantification (LOQ) of
0.1411 ug mL™". The recovery wasbetween 87.2-95.43%; the relative standard deviation
(%RSD) was 2.40-3.31% and the molar absorptivity was 3.545 x 10° L mol™ cm™.
Secondly, cloud point extraction (CPE) was used to.determine a trace amount of the
colored product in the first method, followed by measuring with a UV-vis
spectrophotometer.The linearity of the calibration curve was above the range of 5-
14 ugmL™, and the R? was 0.9988. The LOD and LOQ were found to be 0.0318 and
0.1059 ug mL™", respectively. The recovery was between 99.49-99.82%, the %RSD was
0.67-2.00% and the molar absorptivity was 4.724 x 10° L mol™ cm™'. This method
was successfully employed for 3-aminophenol detection in several wastewater samples
from Rustamiya, under the Al Doura and Diyala bridge.
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m INTRODUCTION

Water is an essential resource for life, and due to
population growth, climate change, and environmental
water pollution caused by sewage, industrial effluents,
chemicals, domestic wastes, pesticides, pharmaceuticals,
and other pollutants; access to clean and safe water has
become an. increasing concern around the world,
particularly in developing and emerging countries [1].
Presently, just 20% of the world's wastewater is properly
treated, with the vast majority being discharged into the
ecosystem untreated [2-4]. Organic pollutants such as
phenolic ' compounds, polycyclic aromatic hydrocarbons
(PAHs), and chemicals used in agriculture (organic
pesticides and organic herbicides) have been identified as
critical issues because they cause aquatic system pollution
and environmental degradation [5-6]. The presence of
phenols such as 3-aminophenol in natural or drinking
water is usually caused by manufacturing contamination,

of their
concentrations, aminophenols have been designated as

and because severe toxicity at low
priority pollutants.

Several attempts have been made to remove or
remediate aminophenols found in industrial wastewater
[7-9]. For the selective and effective analysis of phenol in

aqueous media from various types of samples, many

liquid- or gas-chromatographic ~ techniques,
electrochemical techniques [10], potentiometric,
spectrophotometric, spectrofluorimetric, quenched

continuous fluorescence, LC-ESIMS, HPLC, and flow-
injection chemiluminescent techniques have been
[11-14].
efficiency is excellent (low detection limit, high

developed Even though their analytical
selectivity and accuracy, etc.), they are unsuitable for
phenol analysis in commercial laboratories because of
the high expense of analyses, multi-step and difficult
sampling processes, long work times, costly tools, and so
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on. Compared to these, UV-vis molecular absorption
spectrometry is better suited for the development of easy,
fast, and low-cost analytical methods for quantifying
phenol in aqueous solutions [15-18].

One method for determining phenols and other
compounds is the diazotization coupling reaction [19-20].
Diazonium salts play a crucial role as fundamental
ingredients in the production of aromatic substances,
pharmaceuticals, colorants, and various other organic
compounds [21-23]. In optimizing conditions, cloud point
extraction (CPE) has recently emerged as a promising
method for the separation and pre-concentration of tiny
amounts of components [24-26]. The CPE has a great
importance due to its safety, speed, low cost, and high
sensitivity, consequently, it has been applied as one of the
evaluation and pre-concentration techniques in analytical
chemistry [26-27]. CPE involves the creation of two
homogenous phases, namely a water-deficient phase and
an organic-enriched phase [28]. CPE relies on the phase
tendencies of non-ionic surfactants when present in
[29-30].
segregation upon temperature elevation or introduction

aqueous solutions Demonstrating phase
of a salt agent. The separation and concentration of
surfactants through CPE are increasingly recognized as
significant and practical applications within the realm of
analytical chemistry [31-34].

In this work, the proposed technique is based totally
on the azo coupling reaction of 3-aminophenol with
benzidine to form a red solution, then on the estimation
and pre-concentration of the usage of CPE which suggests
an absorbance at 462 nm. The aim of the current study is
to find the optimal conditions for estimating the 3-
aminophenol in two methods: First through the azo
coupling reaction with benzidin at the maximum
wavelength of 462 nm and the second method is the
extraction by CPE using Triton X-114 as a surfactant, and
then comparing both methods.

m EXPERIMENTAL SECTION
Materials

The reagents and ingredients used in this study were
all of high quality. Distilled water was used to dissolve and
prepare solutions. A stock solution of 100 ug mL™" of 3-

aminophenol and benzidine was prepared by dissolving
0.01 gin pure water and filling a 100 mL volumetric flask
to the mark with distilled water. A 1% sodium nitrite
(NaNO,) solution was made by dissolving 1 g of NaNO,
in distilled water and completing the markin a 100 mL
volumetric flask, and a 1% urea solution was made by
dissolving 1 g of urea in 100 mL of distilled water, 1 M
of H;PO,, H,SO,, HCl, and CH;COOH and 1M of
NaOH, NaHCO;, KOH, and Ba(OH), were prepared by
dissolving an appropriate amount in distilled water.
Then, 10% (v/v) of each Triton X-100, Triton X-114, and
Tween 20 was prepared by dissolving10 mL in distilled
water and completing the mark in a 100 mL volumetric
flask.

Instrumentation

Sensitive electric balance (Sartorius, Germany),
bench centrifuge (type MSE manufacture, England), a
thermostatic water bath (Germany), and UV-vis
spectrophotometer (a Shimadzu Model 160A, Japan,
with' a response time of 0.1s) were employed for
spectrophotometric analysis. A quartz cell with a 1 mL
internal volume and a 1 cm route length was used to test
absorbance.

Procedure

General azo coupling procedure

The prepared azo coupling product is added in a
volumetric flask 10 mL in an ice bath, followed by
adding 1.0 mL of benzidine, 1.0 mL of HCI, 1.0 mL of
NaNO,, 1.0 mL of urea, 1.0 mL of 3-aminophenol, and
1.0 mL of NaOH. The absorption is then determined
using UV-vis. The spectra of maximum wavelength
absorption are measured.

General CPE procedure

The CPE test involves multiple steps. First, a series
of 10 mL volumetric flasks is filled with the optimal
volumes that were previously determined, which were
0.6 mL benzidine, 0.8 mL CH;COOH, 1 mL NaNO,,
0.8 mL urea, 1.0 mL 3-aminophenol, 1.0 mL NaOH, and
1.0mL 10% (v/v) Triton X114. Then, complete the
volume with distilled water. The volumetric contents
were transferred to a centrifuge test tube, and the
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mixture was placed in a bath of water at 60 °C for 20 min
before being centrifuged at 4,000 rpm for 20 min. The
micelles split easily after 1 min of increasing viscosity in
an ice bath. The sediments were dissolved in 3 mL of
ethanol, and an UV-vis was used to measure the
absorbance.

Recommended procedure for environmental water
samples

The wastewater samples were collected from various
locations including tap water, Rustamiya, under Al Doura
and Diyala bridges, and then kept in plastic bottles before
being filtered with filter papers. First, 10.20 pg mL™" of 3-
aminophenol was prepared in 100 mL volumetric flask,
1.2 mL from 100 uyg mL™" of 3-aminophenol was taken
and diluted the volume with distilled water. Then, in a
series of 10 mL volumetric flasks, the optimal volumes
were added 0.6 mL benzidine, 0.8 mL CH;COOH, 1.0 mL
NaNO,, 0.8 mL urea, 10.20 pg mL™" of 3-aminophenol,
1.0 mL NaOH, and complete the volume with distilled
The
spectrophotometer, then the same procedure followed

water. absorption was measured with..a
but with wastewater and the absorbance was measured.
After that, the absorbance was measured with CPE
technique by adding all optimal volumes in a series of
10 mL volumetric flask of 0.6 mL benzidine, 0.8 mL
CH;COOH, 1.0 mL NaNO,, 0.8 mL urea, 10.20 pg mL™

of 3-aminophenol, 1.0 mL NaOH, 10% (v/v) triton X-114

and completed the volume with wastewater.
m RESULTS AND DISCUSSION
Absorption Spectra

This research reported the diazotization of
benzidine and its coupling with 3-aminophenol to form
a red color mixture at 462 nm. Fig. 1 depicts the
spectrum of absorption of red color versus a blank.

The Optimization of Diazonium Salt Reaction
Analysis

Various factors influenced the absorption of
colored azo products, including acid type and volume,
sodium nitrite volume, reagent volume, and NaOH
volume. The effect of several acids (1 M) on the
production of diazonium salt was investigated and the
results are shown in Fig. 2(a). The best acid is
CH;COOH and the best volume of 1 M CH;COOH was
0.8 mL, as shown in Fig. 2(b). The optimal acid volume
is then determined in the following analysis.

The influence of various bases on the synthesis of
the azo compound 1 M of KOH, NaOH, Ba(OH),, and
NaHCO; was studied. The results show that NaOH was
the best base, as shown in Fig. 3(a). The best absorbance
value was obtained by adding 1 mL of NaOH, as shown
in Fig. 3(b). In the following analysis, the optimal
volume of base is used in the next analysis.

—— (a)
—o— (b)
—o—(c)

—— (d)

100 200 300 400

500 600 700 800

Wavelength (nm)
Fig 1. (a) Absorption of the resulting dye's spectra of 3-aminophenol versus blank, (b) 3-aminophenol versus the

ethanol, (c) the reagent benzidine versus ethanol, and (d) the blank versus distilled water
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Fig 3. Effect of (a) base type and (b) base volume on the absorbance value
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Fig 4. Effect of (a) NaNO, volume, (b) urea volume, and (c) benzidine volume on the absorbance value

The effect of NaNO, concentrations was investigated
by varying the volumes of NaNO, solution used in the
diazotization method from 0.2 to 2.0 mL and discovering
that 1 mL provided the best absorption, as shown in Fig.
4(a). In the following analysis, the optimum volume of

NaNO; is used in the next analysis. To empty out the
excess NaNO,, a range of 1% urea volumes ranging from
0.2 to 2.0 mL were used, as shown in Fig. 4(b). Urea
(1 mL) was sufficient to remove the remaining amount.
The optimal urea volume is then determined in the
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following analysis. According to Fig. 4(c), 0.6 mL of
benzidine reagent was used to achieve a high absorbance
at Amax 462 nm.

To determine the

aminophenol ratio, the mol ratio method was used by

stoichiometry of the 3-

preparing a series of different volumes from 0.1 to 3.5 mL
from 3 x10™*pgmL™ with  1mL of
3x10*pugmL™"  3-aminophenol under  optimal
conditions of 0.6 mL benzidine, 0.8 mL CH;COOH, 1 mL
NaNO,, 0.8mL ImL NaOH. The
stoichiometric ratio between reagent (R) and phenol (PH)

benzidine,

urea, and
results in 1:1 as shown in Fig. 5(a), and the continuous
variation method (Job's method) was used by preparing a
series of different volumes of 0.1-0.9 mL of each reagent
and phenol under optimal conditions of 0.6 mL
benzidine, 0.8 mL CH;COOH, 1 mL NaNO,, 0.8 mL urea,
and 1 mL NaOH. The results showed that the ratio of 3-
aminophenol to reagent is 1:1 as shown in Fig. 5(b).

The Calibration Curve

By adding 0.6 mL benzidine, 0.8 mL CHsCOOH,

0.3 1

1.0mL NaNO,, 5-14 ygmL™"  3-
aminophenol, and 1.0 mL NaOH to several sets of 10 mL

0.8 mL wurea,

volumetric flasks set in an ice bath; a small amount of
10 mL solution with an increasing coneentration of 3-
amino phenol is prepared. The phenol is then measured
spectrophotometrically at its maximum wavelength, as
shown in Table 1 and Fig. 6. The results show the
precision and accuracy of the proposed method for
determining complex standards. The confidence limit
(C.L) for the concentration (ug mL™) [28] has been
calculated from the following Eq. (1) [24];

: >1/2J v

where S = standard deviation, n = the number of samples

C.L:iit[

(number degrees of freedom), X = rate of measurements
(concentration or absorbance), t = test-t at (n-1) from
degrees of freedom at C.L 99%. Ten replications are
studied for blank solution in order to calculate LOD and
LOQ as shown in the following Eq. (2) and (3),
respectively.

Q

0.25 4
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0.15_+
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0.05 1

(]
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—o— (b)

0 v T
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2 25 3 35

(RIPH), (RIR+PH)
Fig 5. (a) The mole ratio method and (b) for continuous variation method of 3-aminophenol

Table 1. Precision and accuracy of the proposed method for the determination of standard of complex (n=5)

Amount taken Amount found

(ugml-)  (ugmL-" (mean  SD) CLat95%  %Rec %E.. %RSD
5 4.36 + 0.0049 436+0.0061 8720 -12.80 3.31
7 6.36 + 0.0071 6.36 £0.0088 90.85 -9.14  3.20
10 9.36 £ 0.0083 9.36£0.0103 93.60 -6.40  2.60
12 11.36 % 0.005 11.36 £ 0.0062 94.66 -530  1.31
14 13.36 + 0.012 1336+ 0.0139 9543 -4.57  2.40
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Fig 6. Calibration curve of 3-aminophenol
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SDX10
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The special relationship to calculate the %RSD, the
relative error percentage (%E:.), and the recovery

LOQ =

percentage (%Rec) were calculated using Eq. (4-6),
respectively;

%RSD =%x 100 @)

where, S = standard deviation and X = the arithmetic

mean of the measurements;

(Found - Taken)

7100 (5)
Taken

where, Found = analytical result of the concentration and

%E

rel =

Taken = the real result of the concentration:
%Rec=%E . +100 (6)

Surfactant Type Effect

Because each surface hasspectral characteristics that
are determined by the practical basis of micelles, the type
of surfactant used is critical in the CPE procedure. The
CPE method was used by adding a series of different
volumes prepared from 0.2 to 2 mL in 10 mL volumetric
flask solutions containing optimal volumes of 0.6 mL
benzidine, 0.8 mL CH;COOH, 1 mL NaNO,, 0.8 mL urea,
1 mL 3-aminophenol, 1 mL NaOH, and 10% (v/v) Triton
X-114, and completed the volume with distilled water,
then are mixed, heated at 60 °C for 20 min to form cloud
point, then centrifugate at 4,000 rpm for 20 min,
separating the surfactant-rich phase, and dissolved it in

3 mL ethanol and measure at Amax 462 nm. The best
volume of surfactant is 1.3 mL as shown in Fig. 7.

The two conditions to improve effective phenol
extraction  and  pre-concentration, equilibrium
temperature and time incubation, were deemed
necessary steps to complete the CPE. Temperatures
ranged from 30 to 65 °C, with incubation times ranging
from 5 to 35 min. In the following steps, an equilibration
temperature of 55 °C and a time limit of 20 min were
chosen, and the sample was centrifuged for 20 min at
4,000 rpm before cooling for 1 min, resulting in a high
recovery of phenol in a short period of time. After the
extraction procedure of CPE was completed, the
aqueous solution was decanted, and ethanol was added
to reduce the viscosity of the surfactant-rich phase and
facilitate its transfer into a spectrophotometric cell. After
all, 3mL of ethanol was used in the following

experiment.

1.6 1

1.4 4

Absorbance

0.4 v v v v v v J

0 0.3 0.6 0.9 1.2 1.5 1.8 21
Surfactant volume (mL)

Fig 7. Correlation curve of absorbance versus volume of

Triton X-114 for 3-aminophenol
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Calibration Curve for CPE

To evaluate 3-aminophenol, the CPE technique's
optimized parameters were used. A calibration curve was
created by plotting the 3-aminophenol concentration of
5-14 pg mL™" versus absorbance, as shown in Fig. 8. The
analytical parameters with and without a cloud point are
listed in Table 2. Table 2 shows that the technique of
extracting at the cloud point, which has high enrichment
and pre-concentration factors, is a great novelty for
extracting small amounts of 3-aminophenol. Table 3
shows the precision and accuracy of the proposed method
for determining complex standards by cloud point.

The C.L for slope and intercept has been calculated
from the following Eq. (7) and (8) [31];

CL=b=*tSb (7)
CL=a*tSa (8)
when C.L is confidence limit, b and a are the slope and
intercept, respectively, at C.L 99% (n-2), Syx is standard

deviation of change y value, Sb is standard deviation of
slope (b), and Sa is standard deviation of intercept (a).

Application of Real Samples

The method that was created is used to determine
3-aminophenol in an aqueous environment. Different
10.20 pg mL™" of 3-aminophenol samples are taken and
the proposed method is applied, and then the
concentrations are extracted from the regression line

0.7 1
06
§g_i )
€ 04 4
g0
503 1
202 4
0.1 1
0

y =0.0433x +0.0011

4 6 8 1'0 1'2 1'4 1.6
Concentration (ug mL-")
Fig 8. Calibration curve of CPE of 3-aminophenol

Table 2. Analytical parameter of CPE method

Type of parameter Before CPE After CPE
Color red red
Wavelength A 1. (nm) 462 462
Concentration range (ug mL7") 5-14 5-14
Regression equation (y) y =0.0325x - 0.0208 y = 0.0433x + 0.0011
R 0.9989 0.9994
R? 0.9978 0.9988
LOD (ug mL-) 0.0423 0.0318
LOQ (ugmL™") 0.1411 0.1059
Sandell's sensitivity (g cm™2) 0.0308 0.0231
Slope (m) 0.0325 0.0433
Intercept (C) 0.0208 0.0011
Standard error for regression line (Syx) 0.0035 0.0044
Sa 0.3088 0.3967
Sb 0.000377 0.00049
C.L for slope (b + tSb) at 95% 0.0325 £ 0.0009 0.0433 +£0.00112
C.L for intercept (a + tSa) at 95 % 0.0208 +0.71199 0.0011 +0.9146
C.L for 5 uyg mL™" at 95% 4.36 = 0.0061 4.98 £ 0.00557
C.L for 7 pg mL™" at 95% 6.36 + 0.0088 6.98 + 0.00652
C.L for 10 pg mL™* at 95% 9.36 £0.0103 9.98 + 0.0067

C.L for 12 pg mL™" at 95%

C.L for 14 pg mL™" at 95%

Molar absorptivity (L mol™ cm™)
Composition of product

Preconcentration factor (Enrichment factor) % [35]

11.98 +0.00362
13.98 £ 0.0051

11.36 + 0.0062
13.36 £ 0.0139

3.545 x 10° 4.724 x 10°
1:1 1:1
- 133.3%
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Table 3. Precision and accuracy of the proposed method for the determination of standard of complex (n = 5) by cloud

point
A t tak A t found C.L at 95%
moun i en mouril1 oun a9% G pec %E.  %RSD
(ngmL™) (ngmL™) (xSD)  (mean + SD)
5 4.98 + 0.0045 498 £0.0056 9949 -0.51 2.00
7 6.98 + 0.0042 6.98 +0.0066 99.64 -0.37 1.60
10 9.98 + 0.0055 9.98 +£0.0068 99.75 -0.26 1.20
12 11.98 +£0.0029  11.98 +£0.0037 99.79 -0.22  0.56
14 13.98 + 0.0041 13.98 +£0.0051 99.82 -0.19 0.67
Table 4. Application of the proposed CPE for the evaluation of 3<aminophenol
Before CPE
Phenol conc.
Water source (g mLY) Found %Rec Average %Rec %Erel Average %E.q %RSD
Tap water 10, 20 9.87,19.87 98.7,99.4 99.02 -1.30, —-0.65 -0.97 0.85,0.63
Rustamiya 10, 20 9.63,19.63 96.3,98.1 95.50 -5.97,-2.99 —4.47 2.98,0.23
Under Al doura bridge 10, 20 9.60,19.60 96.3,98.15 97.20 -3.60, -1.84 -2.77 1.14, 0.96
Diyala bridge 10, 20 9.94,19.94 99.41, 99.7 99.56 -0.58, -0.29 -0.43 0.85,0.84
After CPE
Phenol conc.
Water source ( L) Found %Rec  Average %Rec %Erl Average %E.q %RSD
pg m
Tap water 10, 20 9.99, 19.99 99.95, 99.98 99.97 -0.05, -0.03 -0.04 1.26,0.45
Rustamiya 10, 20 9.50, 19.50 95.70, 97.80 96.68 -4.42,-2.21 -3.31 0.34, 0.13
Under Al doura bridge 10, 20 9.89,19.89 98.96, 99.48 99.23 -1.03, -0.51 -0.77 0.86, 0.55
Diyala bridge 10, 20 9.77,19.77 97.70, 98.90 98.30 ~1.66, -1.73 -1.70 0.91, 0.34
Table 5. Comparison between the present method and other methods for aminophenol
Wavelength Li LOD
Analytical method Color <8 mear raflge %Rec v %RSD  Ref.
(nm) (umol L) (umol L)
This
CPE method red 462 5-14 99.7 0.0318 1.206
study
C i | htoqui
oppe'r nanowires/poly(naphtoquinone ) ] 1055 ] 0.20 ] 36]
chromium (III))
Semi-quantitative detection with colorfully
red 776 0.5-20.0 - 0.27 - [37]
naked-eye assay
Selective and sensitive colorimetric detection - - 0-85 94.0 0.32 - [38]
Simultaneous determination of aminophenol
- - 0.3-18 98.7-104.6 0.05 0.999 [39]

isomers

equation of the calibration curve. The results before and
after using the CPE technique are shown in Table 4.

Comparing the Suggested Method with Other
Methods

The comparison between suggested methods and
other methods is shown in Table 5, which explains the

results of CPE and other methods. It is clear that the CPE
method gives a good %RSD and a low LOD and has a
wide linear range compared with other methods.

m CONCLUSION

A simple, fast, and spectrophotometric technique
for estimating small amounts of 3-aminophenol with
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benzidine as a reagent has been developed. The first
method involved converting phenol to azo pigment,
which was then spectrophotometrically measured at Amax
462 nm. The second method uses CPE to determine and
pre-concentrate 3-aminophenol with Triton X-114 as a
surfactant to reduce surface tension. The proposed
method was found to be effective and recoverable, and it
was applied to several water sources from different
regions. The method is cheap, and it has less consulting
time compared with the other methods like SPE, liquid-
liquid extraction, and HPLC. It was discovered by
comparing it to other methods in the literature, and CPE
was found to be the best method for simplifying the
application. CPE gives a good %RSD and a low LOD and
has a wide linear range.

m ACKNOWLEDGMENTS

The authors acknowledged the support of the
Applied Sciences Department, University of Technology
for the technical support rendered.

m CONFLICT OF INTEREST

The authors declare no conflicts of interest. We
confirm that all the Figures and Tables in the manuscript
belong to us.

m AUTHOR CONTRIBUTIONS

Alaa Mousa Imran conducted and carried out the
experiments, data acquisition, analysis, and interpretation,
and participated in/drafting the manuscript. Saadiyah
Ahmed Dhahir and Ahmed Jassim Muklive help in
interpretation, analysis, and conceptualization of the
manuscripts. All authors read and reviewed the final
manuscript.

m REFERENGCES

[1] Khalig, M.A., Javed, M.T., Hussain, S., Imran, M.,
Mubeen, M., Nasim, W., Fahad, S., Karuppannan, S.,
Al-Taisan, W.A., Almohamad, H., Al Dughairi, A.A.,
Al-Mutiry, M., Alrasheedi, M., and Abdo, H.G,
2022, Assessment of heavy metal accumulation and
health risks in okra (Abelmoschus esculentus L.) and
spinach (Spinacia oleracea L.) fertigated with
wastewater, Int. J. Food Contam., 9 (1), 11.

[2] Crini, G., and Lichtfouse, E., 2019, Advantages and
disadvantages of techniques used for wastewater
treatment, Environ. Chem. Lett., 17 (1), 145-155.

[3] Thirunavukkarasu, A., Nithya, R., and Sivashankar,
R., 2020, A review on the role of nanomaterials in
the removal of organic pollutants from wastewater,
Rev. Environ. Sci. Bio/Technol., 19 (4), 751-778.

[4] TJain, M., Khan, S.A., Sharma, K., Jadhao, P.R., Pant,
K.K., Ziora, Z.M., and Blaskovich, M.A.T., 2022,
Current perspective of innovative strategies for
bioremediation from
wastewater, Bioresour. Technol., 344, 126305.

(5] Sun, Ji; Mu; Q., Kimura, H., Murugadoss, V., He,
M., Du, W., and Hou, C., 2022, Oxidative
degradation of phenols and substituted phenols in

of organic pollutants

the water and atmosphere: A review, Adv. Compos.
Hybrid Mater., 5 (2), 627-640.

[6] Salehi, S., Abdollahi, K., Panahi, R., Rahmanian, N.,
Shakeri, M., and Mokhtarani, B., 2021, Applications
of biocatalysts for sustainable oxidation of phenolic
pollutants: A review, Sustainability, 13 (15), 8620.

[7] Liu, R., and Mabury, S.A., 2020, Synthetic phenolic
antioxidants: A review of environmental
occurrence, fate, human exposure, and toxicity,
Environ. Sci. Technol., 54 (19), 11706-11719.

[8] Patel, B.R., Noroozifar, M., and Kerman, K., 2020,
Nanocomposite-based sensors for voltammetric
detection of hazardous phenolic pollutants in water,
J. Electrochem. Soc., 167 (3), 037568.

[9] Yuan, T., Tazaki, A., Hashimoto, K., Al Hossain,
M.M.A., Kurniasari, F., Ohgami, N., Aoki, M.,
Ahsan, N., Akhand, A.A., and Kato, M., 2021,
Development of an efficient remediation system
with a low cost after identification of water
pollutants including phenolic compounds in a
tannery built-up area in Bangladesh, Chemosphere,
280, 130959.

[10] Beitollahi, H., Tajik, S., and Biparva, P., 2014,
Electrochemical determination of sulfite and
phenol using a carbon paste electrode modified
with ionic liquids and graphene nanosheets:
Application to determination of sulfite and phenol
in real samples, Measurement, 56, 170-177.

Alaa Mousa Imran et al.



10 Indones. J. Chem., xxxx, xx (x), xx - xx

[11] Kadhim, E.A., Dhahir, S.A., and Sando, M.S., 2020,
New diazo coupling reaction, cloud point extraction
spectrophotometric determination of

sulphadimidine sodium in pure form and
pharmaceutical preparation with salicylic acid as the
coupling reaction, Indian ]. Forensic Med. Toxicol.,
14 (2), 868-874.

[12] Hassan, S.S., Shaheed, I.M., Mohammed, N.J., and
Dhabhir, S.A., 2021, A new visible spectrophotometric
approach for mutual determination of allopurinol
drug in pharmaceuticals after cloud point extraction,
IOP Conf. Ser.: Earth Environ. Sci., 722 (1), 012033.

[13] Abed, S.S., 2020, Spectrophotometric and reverse
flow injection method determination of nitrazepam
in pharmaceuticals using O-coumaric acid as a new
chromogenic reagent, Baghdad Sci. J., 17 (Suppl. 1),
265-271.

[14] ALmashhadani, I.M.]., and Abed, S.S., 2019, Kinetic-
spectrophotometric method for the determination of
naringenin in pure and supplements formulations,
Baghdad Sci. J., 16 (3), 595-602.

[15] Aposticd, A.G., Ichim, T., Radu, V.M., and Bulgariu,
L., 2018, Simple and rapid spectrophotometric
method for phenol determination in-aqueous media,
Bul. Inst. Polit. Iasi, 64 (3), 9-18.

[16] Mohammed, M.A., Al-Ogaidi, A.J.M., and.Kamil,
G.M., 2021, Micro determination of tyrosine by
spectrophotometric-techniques, Int. J. Med: Toxicol.
Legal Med., 24 (3-4), 308-311.

[17] Al-Ogaidi, A.J.M., Qasim, .B., Hamid, D.M,
Mohammed, A.A.R., and Mohammed, A.A.R., 2020,
Ultra higher assessment of tyrosine compound by
coupling for biological samples, Ann. Trop. Med.
Public Heal., 23 (19),.232112.

[18] Al-Yousefi, D.A., and Ali, LR, 2022,
Spectrophotometric determination of transition
elements by cloud point extraction with use
laboratory by thiazol azo reagent and applied in
environmental samples, AIP Conf. Proc., 2386 (1),
030007.

[19] Hamdi, B.A., Amin, Z.A., Shareef, AM.Y., and Al-

H.A., 2023, Diclofenac

dexamethasone co-therapy restores brain neuron-

Bustany, sodium and

specific enolase (NSE), S-100 Beta and glial

(GFAP)
experimental rat’s model: A possible inhibition of
P-glycoprotein, Cell Mol. Biol., 69 (9), 100-105.

[20] Selvaraj, V., Swarna Karthika, T., Mansiya, C., and
Alagar, M., 2021, An over review on recently

fibrillary acid protein proteins in

developed  techniques, /mechanisms . and
intermediate involved in the advanced azo dye
degradation for industrial applications, J.© Mol.
Struct., 1224, 129195.

[21] Wafi, A., Supriyanto, G.,-and Tjahjandarie, T.S,,
2016, A novel spectrophotometric method for
determination of <chloramphenicol based on
diazotization reaction. at .room temperature,
Indones. J. Chem., 16 (1), 32-35.

[22] Mortada, W.I., 2020, Recent developments and
applications of cloud point extraction: A critical
review, Microchem. J., 157, 105055.

[23] Dhaef, H.K., Al-Asadi, R.H., Shenta, A.A., and
Mohammed, M.K., 2021, Novel bis maleimide
derivatives containing azo group: Synthesis,
corrosion inhibition, and theoretical
Indones. J. Chem., 21 (5), 1212-1220.

[24] Dhahir, S.A., and Mohammed, N.J., 2019, Cloud

point extraction of Cefixime drug by direct (UV-

study,

vis) spectrophotometer and indirect (flame atomic
absorption) technique, J. Phys.: Conf. Ser., 1234 (1),
012093.

[25] Motikar, P.D., More, P.R., and Arya, S.S., 2020, A
novel, green environment-friendly cloud point
extraction of polyphenols from pomegranate peels:
A comparative assessment with ultrasound and
microwave-assisted extraction, Sep. Sci. Technol., 56
(6), 1014-1025.

[26] Li, Q., Lai, Y., Yu, S, Li, P., Zhou, X,, Dong, L., Liu,
X., Yao, Z., and Liu, J., 2021, Sequential isolation of
microplastics and nanoplastics in environmental
water by membrane filtration, followed by cloud-
point extraction, Anal. Chem., 93 (10), 4599-4566.

[27] Fahad, A.S., Thani, M.Z., Abdullah, A.M., and
Dhahir, S.A., 2020, Development of an ecological-
friendly method for ciprofloxacin determination
and cloud point extraction in pharmaceuticals

Alaa Mousa Imran et al.



Indones. J. Chem., xxxx, xx (x), xx - xx 11

using Fe(II) (FeSO47H,0), IOP Conf. Ser.: Mater.
Sci. Eng., 871 (1), 012028.

[28] Alaallah, N.]J., Dhahir, S.A., and Ali, H.H., 2021,
Determination of sulfacetamide sodium in pure and
their pharmaceutical formulations by using cloud
point extraction method, Baghdad Sci. J., 18 (3), 575-
582.

[29] Dhahir, S.A., and Mohammed, N.].,
Spectrophotometric  ann

2019,

atomic  absorption
determination cefixime by cloud point extraction in
pure form, Iraqi J. Agric. Sci., 50 (5), 1390-1404.

[30] Khudhair, A.F., Hassan, M.K., Alesary, H.F., and
Abbas, A.S., 2019, A simple pre-concentration
method for the determination of nickel(II) in urine
samples using UV-vis spectrophotometry and flame
atomic absorption spectrometry techniques, Indones.
J. Chem., 19 (3), 638-649.

[31] Ali, M.S., and Ali, LR., 2022, Preparation and
characterization of new reagent derivative of thiazol
azo for spectral evaluation of some metal elements in
different samples using cloud point technique, AIP
Conf. Proc., 2386 (1), 030003.

[32] Alaallah, N.]J., Dhahir, S.A., and Ali, H.H., 2020,
Spectrophotometric evaluation ef-methyldopa in
pure and pharmaceutical’ formulation using
ecological-friendly method, IOP Conf. Ser..-Mater.
Sci. Eng., 871 (1), 012033.

[33] Al-Tameemi, M., Abed, S.S.,. Kadhim, E.A,
Mohammed, N.J., and Dhahir, S.A., 2021, Eco-
friendly method for determination of allopurinol

drug in pure form and pharmaceuticals after cloud
point extraction, Egypt. . Chem., 64 (10), 5503-5510.

[34] Soni, I, and Kudur Jayaprakash, G., 2023, A short
review on the analysis of the adsorptive behavior of
surfactants at carbon paste electrodes for
electrochemical sensing, J. Mol. Liq., 388, 122737.

[35] Ali, S.M., and Malik, R.N., 2011, Spatial distribution
of metals in top soils of Islamabad city, Pakistan,
Environ. Monit. Assess., 172 (1), 1-16.

[36] Hashemzaei, Z., Saravani, H., Sharifitabar, M., and
Shahbakhsh, M., 2022, Copper nanowires/poly
(naphtoquinone chromium(III)) for simultaneous
voltammetric detection of para-aminophenol, phenol
and para-nitrophenol, Microchem. J., 175, 107210.

[37] Li, M., Ding, C,, Jia, P., Guo, L., Wang, S., Guo, Z.,
Su, F., and Huang, Y. 2021, Semi-quantitative
detection of p-aminophenol in real samples with
colorfully naked-eye assay, Sens. Actuators, B, 334,
129604.

[38] Shaban, S.M., Moon, B.S., and Kim, D.H., 2021,
Selective and sensitive colorimetric detection of p-
aminophenol in human urine and paracetamol
drugs based on seed-mediated growth of silver
nanoparticles, Environ. Technol. Innovation, 22,
101517.

[39] Duan, S., Zhang, X., Xu, S., and Zhou, C., 2013,
Simultaneous determination of aminophenol

SBA-15

mesoporous silica modified carbon paste electrode,

Electrochim. Acta, 88, 885-891.

isomers based on functionalized

Alaa Mousa Imran et al.



