&

: R
"4 a ! S " Print -ISSN 2306-5249
J O B S L“Y‘ ? ‘ Online-ISSN 2791-3279
Journal of Basic SC|ence Yl gbal) anal)

AVEEA/ Y0 YR

W y

@Lu!\ daad)
O N g

(573) (551)

Grabaill g Jo Wl il i) o 5u ) 1 i ginal- ¥ paatl lall 9391 o) 38 dyasi) i)

and) (Aal)
A2 Oleles JL8) AVEQTEQRIEY

igbal.mohammed@uodiyala.edu.iq hamadhussein87h@gmail.com

slaasSl and /48 puall o slall 4 il 1S /o Aol
: paliiual)
Jdail (Spectrophotometric) s daik dayyha avaal Chay 23 ¢l 13a &
—Y 1 ¥ oY) Jeli aasda) Cus Aildl Q) 8 (AP-Y) JsidgiaY (S
Job (el <l Byiine Al g ) dbvea i3S By . yal) Jalatl (5508 Jay A s sinal
O Sy — L sl by Wil Jidanll il cupglil L jiesils £0A sie palaiadl ae
Jalaas dlle dfilias] 56l danlall ipglal WS edafahe s Sila VY=Y Om zsbin 3813 (52
Ciacal Bpleall sie Bagag dabdl) A3l 48y Je Ju e (R? = 0.9933 &l aoan
Jualedig Jelil) @l bacldl) 35y danh clld Lo cdelall Cagylal Gy Gaas dojail)
a il )0 ol kel Adgall Luall G e gSgiaad) M) pelal LS ¢ CadlsSl) dila)
Adle Gaulun e (Jafale g Sla o0 £VY (&I puaill ang cdafahes Sila +. 0V £ i
] ey ds k) dagiadl Guld S g L Acaidiadl SN Gl Gl e cadsll
Qi e (e Baaag cOlad g o by e ol Jie cdaiia Ay Clie (8 S5l
ikl o3 axdy L(RSD < 1.5%) (midia wi @luas Cibaily 14 Y.4) glajial Jan
oedaiul @bl llm Yo ¢ gulaill Agu LS cdpblanll fynaall dllady dal<hl) duiaddis
bl Baga Ayl Lnegd) Al Y1 8 aalaie) (Say WS (pal) Aaals Bigal sl ke
il Al (o 1 LYY Jelis ¢ Solll adall il ¢ Jsudsinal— ¥ :dualidal) cilals
L) oluall


mailto:hamadhussein87h@gmail.com
mailto:hamadhussein87h@gmail.com
mailto:iqbal.mohammed@uodiyala.edu.iq

4 ) : .
JOBS ' .miinss
~ Journal of Basic Science — asus gl s

\

. 4

@ )

\

Print -ISSN 2306-5249
Online-ISSN 2791-3279

LAYV EEA/ AT YN
_J

Aqueous Azo-Coupling Strategy for the Determination of 3-
Aminophenol: Emphasis on Reaction Stability and Practical

Environmental Application
Igbal Salman Mohammed Hamad Hussein Hamad
igbal.mohammed@uodiyala.edu.iq hamadhussein87h@gmail.com
Department of Chemistry, College of Education for Pure Science University
of Diyala, Iraq
Abstract:

In this paper, the design of a spectrophotometric process for analyzing
the 3-aminophenol (3-AP) in aqueous solutions is described, where the azo-
coupling reaction of 3-AP, and an alkaline medium is used to analyze 3-AP
and the alkaline medium, respectively. It forms a stable orange azo dye with
a maximum absorption wavelength of 458 nm. The results of the analysis
showed that the strict adherence of the Beer-Lambert law was observed in
the range of concentrations ranging between 1-12 pg/mL, and it showed high
statistical efficiency with a coefficient of determination of R2 = 0.9933,
which indicates the accuracy of the linear relationship and the quality of the
calibration curve. The experiment entailed a massive optimization of the
reaction conditions, including the nature and concentration of the base,
stability, and sequence of addition of the reagents, and stoichiometric
reactions had a 1:1 molar ratio of the complex. The limit of detection was
0.0141 pg/mL, and the limit of quantification was 0.0472 pg/mL, with high
sensitivity to pollutants in low concentrations. The proposed methodology
has been successfully applied to determine the compound in real
environmental samples, such as water from the Diyala River, Khresan River,
and Hamrin Lake, with a average recovery was found to be 102.91% and a
small relative standard deviation (RSD). It is a low-cost and efficient method
for analytical labs because it is easy, does not involve complex ways to
extract or expensive devices, and can be employed in daily environmental
management to check the water quality.

Keywords: 3-Aminophenol, Spectrophotometric determination, Azo-
coupling reaction, Diazotization, Environmental water analysis.
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1. Introduction

Organic water pollutants, particularly in phenolic and amino derivatives, are
an important challenge to modern analytical chemistry due to their chemical
stability and cumulative toxicity (Andrés et al., 2025; Edebali et al., 2024).
Among them, the most significant is the aromatic bifunctional molecule 3-
aminophenol (3-AP), which has the amino (—NH2) and the hydroxyl (—OH)
groups directly attached to the benzene ring (Sahar et al., 2024). However, it
has been widely used in chemistry, thus leading to its unlimited leaching into
water bodies and industrial effluents (Roustaei et al., 2024; Tabaraki &
Heidarizadi, 2019). Metal, as a dangerous pollutant, affects biological
processes (Mohammed, 2025). High-precision, sensitive, and rapid
monitoring protocols must be developed for exposure to m-conjugation,
given that chronic exposure could pose - health risks, including
methemoglobinemia, oxidative stress, and possible bladder carcinogenesis
(Queslati et al., 2025). Recently, several contemporary separation and
analysis techniques, such as gas chromatography mass spectrometry (GC-
MS), high-performance liquid chromatography (HPLC), and capillary
electrophoresis, have found their way into the scientific community,
although their use has been criticized due to their lack of economic
sustainability and the sheer extraction costs and high volumes of organic
solvents needed (Catarro et al., 2025; Soliman et al., 2004). In order to
surpass this shortcoming, an interest in optimization of spectrophotometric
(UV Vis) techniques as a more environmentally friendly and more accessible
alternative has returned, using simplicity, speed, and ease-of-use (Mustafa et
al., 2024; Poonguzhali et al., 2023). Spectrophotometric estimation of 3-AP
is mainly based on various derivatization reactions (Han & Gysi, 2024),
however, in these cases the azo-coupling reaction is the most popular as it
enables the formation of stable chromophores with very high molar
absorptivity, making it possible to perform quantitative analysis even at trace
level (Schram et al., 2024). The azo-coupling reaction is based on a two-step
reaction mechanism, involving the conversion of the primary amine to a
highly reactive diazonium on an acidic solution (Fadhel & Hamdani, 2024),
which then undergoes an electrophilic attack on an activated aromatic ring to
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give a new structure with a higher level of 3p-conjugation (Sengupta & Das,
2022). This response is very medium-dependent; the strength of the acid can
stabilize the diazzonium ion (Yang et al., 2024), and the base can affect the
coupling step by increasing the electron density of the aromatic ring (Abd
El-wahaab et al., 2020), despite the fact that some of the studies have
addressed these deficiencies; they are limited by the complex nature of the
environmental matrices in terms of linear range (or sensitivity) (Dehghani et
al., 2024; Yadav et al., 2019). Therefore, there is a need to develop a
methodology that can overcome these limitations, particularly the limited
linear range and sensitivity associated with complex environmental matrices,
through comprehensive optimization of the reaction conditions and
stabilization of the parameters affecting the optical signal intensity (Ji et al.,
2025; Wang et al., 2022). In this study, we outline an economic, precise, fast
and sensitive spectrophotometric determination of 3-aminophenol achieved
after optimization of an azo-coupling reaction with a considerable amount of
experiment design and an effective although simple analytical protocol that
iIs more stable in color and is best applicable to regular monitoring in the
environmental water.

2. Experimental

2.1. Instrumentation

Spectrophotometric Measurements: All absorbance measurements and
spectral scans were performed on Shimadzu UV-1800 double beam
spectrophotometer (Japan). This was done under conditions appropriate for 1
cm-1 path length quartz cells (Hewlett-Packard, Agilent, Santa Clara, CA)
using scans in the ultraviolet and visible range (200—800 nm).

Solid reagents were weighed using a Precisa analytical electronic balance
(Switzerland) with a sensitivity of £0.0001 g.

pH measurements: The pH values of the various solutions were monitored
and adjusted using a pH-meter (WTW, Germany).

Thermal Control: Diazotization and coupling stages needed specific
temperature so a calibrated Water Bath was used to provide it (VELP
SCIENTFICA MADE IN URPOE).

2.2. Regents and materials

Y-¥3
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All chemicals used in this study were of analytical grade and were obtained
from internationally accepted suppliers e.g., (Merck, sigma -Aldrich).

For 3aminophenol (3-AP, Merck, Germany): A standard stock solution (100
Kug/mL) was prepared by dissolving 0.01 g in distilled water.

Reagent: 3-Nitroaniline (Sigma-Aldrich, USA): 0.001 M in distilled water
(primary source of diazonium ion)

Formation of Diazonium Salts: Sodium Nitrite (NaNO2): A freshly prepared
solution (1% (w/v)) in water was prepared daily before the diazotization step
to ensure its accuracy.

Reagents and Media: Hydrochloric acid solution (1 M and 2 M), Sodium
hydroxide solution (1 M and 2 M) were used to establish optimum acid-base
environment for the reaction.

2.3. General analytical procedure

The spectrophotometric determination of 3-aminophenol (3-AP) was carried
out using the following optimized procedure. A suitable volume of 3-
nitroaniline reagent was transferred into a 25 mL volumetric flask, followed
by the addition of HCI (1 M) and NaNOz (1%) at volumes of 1.0 and 0.8 mL,
respectively. The mixture was then cooled for 5 min in an ice bath at 0-5 °C
to stabilize the diazonium salt. Subsequently, a suitable volume of 3-
aminophenol (3-AP), the analyte, within the linear range of 1-12 pg/mL was
added. Then, 1.5 mL of KOH (1 M) was added to provide the alkaline
medium required for the azo-coupling reaction and formation of the colored
azo dye. The volume was then made up to the mark with distilled water. The
absorbance was measured at Amax = 458 nm against a reagent blank
prepared in the same manner but without 3-aminophenol (3-AP), after an
appropriate stabilization period.

3. Results and discussion

3.1. Absorption spectrum

The spectrophotometric method develops on the basis of coupling reaction
of diazotized 3-nitroaniline with 3-aminophenol in alkaline medium leading
to the formation of colored azo dye. The maximum absorption wavelength A
max was determined by making a spectral scan in the visible range for both
the obtained product and the corresponding reagent blank. Azo dye shows a
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sharp and strong absorption peak at 458 nm, Figure 1. The reagent blank, on
the other hand, showed minimal absorbance at this wavelength. Such a large
bathochromic shift indicates the development of an extended conjugated
chromophoric system and provides the high sensitivity and selectivity
needed for direct quantitative determination of 3-AP, without significant
spectroscopic interference of the reagents.

1.000 T

0.800

3_Aminophenol

0.800

Abs.

Blank

0.000
275.00 400.00 500.00 800.00 T00.00
i

Figure 1: Absorption spectra of the formed azo dye versus reagent
blank, with A max appearing at 458 nm(® + °C)

¥.2. Proposed reaction mechanism

A two-step mechanism is proposed according to the chemical properties of
the reactants and the spectral data gained, Scheme 1:

Step of Diazotization — The first aromatic amine (3-nitroaniline) is reacted
with sodium nitrite in an acidic medium (HCI) at a low temperature (0-5 °C)
to generate stable and highly reactive 3-nitrobenzenediazonium chloride salt.
Step of Azo-Coupling: The diazonium cation attacks electrophilically the
ring of the aromatic compound 3-aminophenol (in an alkaline medium
(KOH/NaOH). These two groups (-OH and -NH:) have shown strong
activating character (ortho/para) causing the coupling to occur at room
temperature (Scheme 1) leading to stable Dark Orange azo dye. The
outstanding color and molar absorptivity relate to the strong extensive -
conjugation across the azo bond (N=N).
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NH, N=N CI

NaNO, + HCI
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0=58C
NO, NO,
3-Nitroaniline 3-Nitrobenzenediazonium

chloride

OH (o)

NH, NH, NH,
3-Aminophenol Phenoxide ion
+ -
N=N cI 0
N=N
Azo-Coupling
+ >
NO, NH

Alkaline medium
2 (KOH, 50 °C) NO,

3-Nitrobenzenediazonium Phenoxide ion Azo Dye
chloride (dark orange)

Scheme 1: Proposed reaction mechanism for the formation of the azo dye
between diazotized 3-nitroaniline and 3-aminophenol

3.3. Optimization of reaction conditions
3.3.1. Optimization of acid and base type
As depicted in Table 1, various acids were tested, and the findings revealed
that HCI produced the greatest absorption as compared to the other acids.
This is because it is highly efficient at providing the optimal acidic medium
for the diazotization process, producing a more stable diazonium salt.
Regarding these bases, as illustrated in Table 1, various bases were tested,
and KOH showed the highest absorbance among the bases tested. This is
attributed to its ability to provide the right alkaline environment, which
catalyzes 3-aminophenol into an azo compound, thereby increasing its
coupling with azo to produce a more intense and stable dye.

Table 1: Optimization of acid and base types for the azo dye formation at

458 nm
| Material Ty Absorbance at 458 nm |
HCI 0.302
. H,SO, 0.287
Acid H5PO, 0.245
CH;COOH 0.292
Base NaOH 0.317
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KOH 0.337
Ba (OH), 0.285
NaHCO; 0.304

3.3.2. Optimization of acid and base volume
At a constant volume between 0.1-1.0 mL, the reagent has a large effect on
absorbance. The most complete formation of the dye was attained with the
addition of 0.6 mL of 1M HCI, resulting in the highest absorbance of 0.317
under the acid medium conditions. Extending the dilution beyond this just
above this point resulted in a minor decrease in color intensity likely from
excess acid disturbing the conjugation system. As shown in Table 2, The
basic environment using of 0.7 mL 1M KOH gave a better chromatic
response with an absorbance of 0.365. This implies that the alkaline
surroundings maximize the charge redistribution in the chromophore
molecule and stabilize it (Darweesh, 2017).
Table 2: Optimization of acid and base volume for the azo dye formation at

458 nm
Volume of IM  Absorbance of HCI Absorbance of
acids at A max =458 KOH at A max =458

0.1 0.195 0.279
0.2 0.203 0.3

0.3 0.211 0.311
0.4 0.225 0.327
0.5 0.301 0.344
0.6 0.317 0.315
0.7 0.31 0.365
0.8 0.308 0.355
0.9 0.304 0.348
1.0 0.301 0.337

3.3.3. Optimization of NaNO,, urea, and the coupling reagent volumes

The results presented in Table 3 demonstrate that the absorbance intensity
was affected by the volumes of the reagents used in the reaction. The
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optimum volume of sodium nitrite (NaNO:) was 0.8 mL, which produced an
absorbance of 0.382. This result can be attributed to the availability of a
sufficient amount of nitrite ions to promote complete diazotization of the 3-
nitroaniline reagent. An insufficient amount of NaNO: may result in
incomplete diazotization, whereas an excess amount may adversely affect
the formation and stability of the diazonium salt (Hassan & Mizher, 2018).
Moreover, the addition of 0.3 mL of urea increased the absorbance to 0.420.
This effect can be attributed to the ability of urea to remove excess nitrous
acid (HNO:) remaining after diazotization, thereby minimizing unwanted
reactions and providing suitable conditions for the subsequent azo-coupling
reaction (Hassan & Al-Rubaiawi, 2017). Regarding the coupling reagent, the
highest absorbance (0.451) was obtained at a volume of 0.5 mL. This result
indicates that this volume provided suitable conditions for efficient coupling
between the diazonium species and 3-aminophenol, resulting in the
formation of the colored azo chromophore. Therefore, 0.8 mL of NaNO-, 0.3
mL of urea, and 0.5 mL of the coupling reagent were selected as the
optimum volumes for subsequent experiments.

Table 3: Optimization of reagent volumes for the azo dye formation at 458

nm

0.1 0.281 0.407 0.332
0.2 0.298 0.412 0.387
0.3 0.311 0.42 0.404
0.4 0.32 0.415 0.427
0.5 0.336 0.41 0.451
0.6 0.341 0.406 0.448
0.7 0.354 0.4 0.436
0.8 0.382 0.398 0.431
0.9 0.374 0.39 0.422
1.0 0.366 0.382 0.42

¥.3.4. Optimization of reaction time

Figure 2 demonstrates, the absorbance intensity increases gradually with
time, indicating the slow character of the coupling process between the
diazonium ion and 3-aminophenol. The maximum absorbance (0.502) was
reached after 50 minutes, the time during which the whole chromophoric
system of the azo dye was formed. This is chemically explained by the fact
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that the electrophilic aromatic coupling reaction requires sufficient time to
allow the reactants to fully interact with each other and to stabilize the azo
bond (N=N) in the conjugated system. As observed in the curve, the
absorbance began to increase after 50 minutes, which is chemically
explained by the fact that once the dye structure had reached its peak
stability, gradual degradation began, or the dye's sensitivity to the
environment. Thus, 50 minutes was the best reaction time to ensure
maximum accuracy across all the measurements.

151
l—I— Absorosnce al A max =153nm []5“‘2

Loy
un
=

0.46 4 483

Absorbance at % max =458nm

¥ ‘IIU ?II.; 'JIU 4IU bIU E-I:.l

Time (min)
Figure 2: Effect of reaction time on absorbance of the formed azo dye at 458
nm
3.3.5. Optimization of temperature
The results in Figure 3 show a significant effect of temperature changes on
the dye's absorption intensity. The color reaction was the highest at (50 °C)
with an absorption of 0.554. This rise is chemically attributed to the fact that
the observed temperature rise lowers the activation energy required for the
electrophilic coupling reaction, which in turn accelerates the formation of the
chromophore system of the dye. Nevertheless, the graph showed a decrease
in readings after this temperature limit. This can be explained by the
sensitivity of diazonium salts, which are easily broken down by thermal
processes at high temperatures, and the likelihood that the resonant stability
of the azo bond is damaged by overheating. According to these results, 50 °C
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Figure 3: Effect of temperature on absorbance of the formed azo dye at 458
nm

3.3.6. Optimization of solvent type

From Table 4, it is observed that water showed highest absorbance (0.565),
which indicates that the reaction takes place under most favourable
conditions in aqueous environment. This is due to the highest polarity of
water, which makes the ionic diazonium intermediate as well as the
chromophore formed as stable as by efficient solvation and hydrogen
bonding. On the other hand, organic solvents such as ethanol and acetone
resulted in a less intense response due to their lower dielectric constants,
which reduces the stabilization of the ionic species.

Table 4: Effect of solvent on absorbance

Water 0.565
Ethanol 0.532
Methanol 0.442
Acetonitrile 0.468
1-Propanol 0.522
Acetone 0.537

3.3.7. Optimization of addition sequence

Different addition sequences were also studied in order to reach a higher
efficiency of reaction and the results are presented in Table 5. The 0.503 of
absorbance was highest obtained from sequence (A+B+C+D+E+F)
respectively. This exact setup is the best because it secures you perform
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diazotization reaction entirely in acid prior to applying urea to neutralize
redundant nitrite. Most sequences gave absorbance values which were
substantially lower, such as 0.342 and 0.247 because changing the steps
destabilizes the diazonium salt or impairing the dye formation. For all
experiments, this sequence was constant in order to provide optimal
sensitivity and stability.

Table 5: Effect of addition sequence

A+B+C+D+E+F 0.503

A+F+E+C+D+B 0.342

A+E+B+C+D+F 0.247
Note: A: 3-nitroaniline, B: HCL, C: NaNO,, D: Urea, E: 3-aminophenol, F:
KOH
3.4. Stoichiometric ratio (Job’s method)
The stoichiometry relationship between the 3-aminophenol and the
diazotized reagent was conducted by Job’s plot as shown in Figure 4. The
resulting profile displayed a peak absorbance at a mole fraction around
0.563, which indicates a 1:1 molar ratio corresponding to the azo dye
formation. This stoichiometry explains the formation of the chromophore,
one mole of the diazonium ion is reacted with one mole of 3-aminophenol.
Indeed, this allows considering such a stoichiometric interaction in the
framework of the proposed mechanistic model where the diazonium cation
acts as an electrophile attacking the activated aromatic ring. In addition, the
sharp peak in the Job's plot testifies to the stability of the formed complex
and the lack of side reactions in the optimized experimental design (Abbas,
2017).
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Figure 4: Determination of the stoichiometric ratio of the azo dye using the

continuous variation method

3.5. Stoichiometric ratio (Mole ratio method)
The corresponding curve Figure 5 show a linear rise in absorbance followed
by a rapid change in slope and an inflection point at approximately a 1:1
molar ratio. This observation shows that at the equivalence point the
diazonium ion's constant concentration becomes the driving force that is
saturated. The data obtained this way fit precisely with the results over the
plot Job, reinforcing the conclusion as only one azo linkage is formed per
molecule. This coherence confirms the suggested reaction mechanism and
ensures that the system follows a predictable coupling mode (Ali &
Muhammed, 2018).

Mole ratio = 1:1

o
o

08

0.7 4
o
0.67 706

0.6 ‘/r' g ;q.
0.5 -
= 28

= 0.52 m
\)‘Ali/'/ 0.49; 77

04 O.46;
03+ /
o1 0.255 ‘

0 1 2 3 2 5 8
R/(R+D)

Absorbance » max = 458 nm

Figure 5: Determination of stoichiometry for the complex via mole ratio
method
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3..6. Stability constant of the azo dye

The stoichiometry and the stability constant (K) of the synthesized azo dye
are presented in Table 6. The ratio is also confirmed by the Job's method as
well as mole ratio methods, confirming accordingly a 1:1 molar ratio
consistent with the suggested reaction mechanism. Such stability constant
mean value is 4.3 x 10° L-mol™ pointing out the thermodynamic stability
found for the dye onto support under the optimized of experimental
conditions. Such high K value indicates predominance of an electrophilic
interaction between the diazonium ion and 3-aminophenol, as several
electron donating substituents (—OH and —NH.) activating the aromatic ring.
Additionally, the azo bond's facilitating an z-conjugated system allows the
structure to stabilize through resonance which assists in the color depth.

Table 6: Stability constant of the formed azo dye

Stoichiometric 1:1
ratio
Mean stability 4.3 x 10° L:mol™
constant

3..7. Analytical performance and calibration curve

As illustrated in Figure 6. The absorbance of 3-Aminophenol concentration
ranging from 1-12 pg/mL showed a linear relationship, and the results show
that Beer-Lambert’s law is obeyed by the method. A high sensitivity is
indicated by the slope (0.0484), and a very small intercept (0.0117) suggests
a low impact of the reagent blank. The correlation coefficient (R* = 0.9933)
indicates excellent linearity between the variables and a high degree of
proportionality. The formation of the azo chromophore is stable, and the
coupling was efficient, which contributes to the reliable performance.
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Figure 6: Calibration curve of 3-Aminophenol

3..8. Effect of interferences

Table 7 results indicate that the method used in the analysis is selective for
3-aminophenol at 458 nm, as demonstrated by experiments with a
combination of aromatic compounds competing with 3-aminophenol.
Compounds like aniline (0.121) and benzoic acid (0.102) showed that their
absorbance values changed significantly, thus indicating that they were less
efficient in forming a stable chromophore system with the reagent under the
current conditions of the reaction than the analyte under investigation. In the
case of 2-nitrophenol, the absorbance value was found to be (0.451), which
was quite near to the absorbance value of the base analyte (0.473). This is
chemically explained by their structural similarity, which allows partial
coupling with the diazonium salt. The selectivity of the method was however
tolerable since choice of wavelength was the best and the reaction conditions
were regulated, which highly reduced the impact of such interferences. This
is also confirmed by the error of less than 2% in the analytical estimation of
environmental samples. These data demonstrate the method's effectiveness
in separating the analyte from common interfering substances that can
coexist with it under aqueous conditions.
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Table 7: The effect of interferences on the absorbance 3-aminophenol
\[e} Interference Abs.
1 Aniline 0.121
2 Benzoic acid 0.102
3 2-nitrophenol 0.451
4 p-nitrophenol 0.231
5 Without 0.473

3..9. Analytical and statistical validation

Validity for the A max= 458 nm with performance parameters as shown in
Table 8 proves the reliability of the method. Linearity of the method was
found to be excellent (r = 0.9966) for 1-12 pg/mL Low LOD (0.0141 pg
mL™") and LOQ (0.0472 pg mL™) indicated high sensitivity. The resulting
molar absorptivity showed 5287 L-mol'-cm™, which confirms a highly
effective dye formation. In addition, the average recovery was found to be
102.91% and the low value of RSD (0. 25025%) underlines a high level of
precision and accuracy. All measurements were performed in triplicate
(n=3). The statistical outcomes confirm that the procedure is reliable and
appropriate for the trace analysis of 3-aminophenol in the environmental
samples .

Table 8: Analytical and statistical performance of the proposed method

Parameter Value

Amax 458 nm
Linear range 1-12 pg mL™!
Regression equation y = 0.0484x + 0.0117
Correlation coefficient (R?) 0.9933
Limit of Detection (LOD) 0.0141 pg mL™!
Limit of Quantification 0.0472 ng mL™!
(LOQ)
Molar absorptivity 5287 L'mol '-cm™!
Sandell’s sensitivity 0.02064 ug cm®
Average Recovery (%) 102.91
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Relative Error (%) 2.91
RSD (%) 0. 25025
Confidence limit. at 3 ug 3.1854 + 0.00312
mL™
Confidence limit. at 6 ug 6.1606 £ 0.05194
mL™
Confidence limit. at 9 ug 9.1337 £0.01344
mL™!
Confidence limit. at 12 g 12.160 + 0.11738
mL™

3.10+. Application to environmental water samples

Table 9 shows that the developed analytical method was effective when used
on different actual environmental samples, such as Diyala River, Khresan
River, and Lake Hamrin. The percent recovery was 100.13 to 101.59,
confirming that the method is very accurate and the percentage of the reagent
response is not significantly influenced by a large matrix effect. The analysis
of performance across environments reveals slight variations, demonstrating
that the approach can be applied to different water matrices. The Diyala
River had the greatest relative error (1.416%) as the flowing water is subject
to this, and it may be turbid. Khresan River was found to be more stable,
with a recovery percentage of 100.79, and Lake Hamrin was found to be the
most accurate, with a perfect recovery percentage of 100.13, due to the
physical and chemical stability of the stagnant water environment. This
performance stability demonstrates the approach's ability to withstand the
complexity of the agueous matrix. The relative error rates of up to 1.5, which
did not exceed 1.5, confirm that there were no systematic errors in the results
and, therefore, the given spectroscopic method is a useful tool for the
quantitative estimation of 3-aminophenol in the daily environmental
monitoring.
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Table 9: Application of the proposed method to environmental water
samples

Diyala 20 20.248 101.2400 1.240 0.003
river 10 0 101.5920 0 8
10.152 101.4160 1,592 1.4160 0.004
9 0 2
Khresa 20 20.108 100.5420 0.542 0.000
n river 10 4 101.0492 0 9
10.104 100.7956 1.049 0.7956 0.001
9 2 2
Lake 20 20.028 100.1401 0.140 0.1370 0.001
Hamri 10 0 100.1340 100.1370 1 5 7
n 10.013 0.134 0.000
4 0 8

3.11. Comparative evaluation of the proposed method with reported
analytical procedures

The analytical performance of the devised method is compared with other
methods outlined for determining aminophenol in water samples, as shown
in Table 10. The recorded data show that the sensitivity of the proposed
approach was 0.0141 g/mL, which is lower than reported by literature
method (22) and (23). The developed chromophore system could be efficient
in detecting low concentrations within the specified range. Another outcome
was high accuracy with an RSD% of less than 1.5%, which was competitive
compared to the other methods, which showed RSD% between 2.4 - 3.7%.
The results showed that the recovery% was in the range 100.13-101.59,
indicating a reasonable level of accuracy. These values are consistent with
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those of the reference studies and fall within the acceptable analysis range.
Based on these results, the proposed solution strikes a golden mean between
sensitivity and accuracy in analytical performance, while also simplifying
water sample analysis and eliminating time-consuming extraction

procedures.
Table 10: Comparison of the proposed method with reported analytical
methods
Analytical Present Literature method Literature :
parameters S (Imran, A. M., et al. method (Asghari
2024) et al., 2022)
Technique UV-Vis (Azo) CPE-UV-Vis USAEME-HPLC
Beer's law 1.0 - 12 5.0 - 14 0.085 - 157
range (pg/ml)
LOD (ug/ml) 0.0141 0.0423 0.028
RSD (%) <1.5% 2.4 -3.31 3.7
Recovery (%) 100.13 -101.59 87.2 - 95.43 98.6 — 101.7
Application ~ Water samples Water samples Water samples
4. Conclusion

This work developed an accepted spectrophotometric system for the
determination of trace amounts of 3-aminophenol in environmental water
systems. The procedure is based on a defined streamlined azo-coupling
reaction with 3-nitroaniline, which forms a stable chromophore for
quantification. The performance regarding analytical precision is high, with
a strong linear correlation, as indicated by a coefficient of determination (R?
= 0.9933), granting high precision and statistical reliability. Experiments in
the field on Diyala River, Khresan River, and Hamrin Lake showed a steady
recovery and low interaction between matrices under realistic conditions.
This method eliminates the use of hazardous organic solvents, complex
extraction procedures, or costly chromatographic instruments, making it a
sustainable and cost-efficient alternative for environmental laboratories. The
permanence of the developed azo dye and the method's ability to withstand
typical interferences validate its applicability for routine monitoring and
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quality control of natural water resources against industrial phenolic
contaminants .
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