Clara et al., Ind. J. Chem. Anal., Vol. 09, No. 1, 2026, pp. 57-67 57

Indonesian Journal of

@I \J C A Chemical Analysis

Homepage: https://journal.uii.ac.id/l/CA

UV-Visible Spectrophotometric Determination of Ni(Il) Using a
Schiff Base Ligand Derived from 1,5-Diphenylcarbazone and
Aniline

Cindy Moyna Clara L.A. **, Dian Septiani Pratama °, Dicky Hidayat

2 Chemistry Program, Faculty of Sciences, Institut Teknologi Sumatera, Indonesia

® Chemistry Program, Faculty of Mathematics and Natural Sciences, Universitas Lampung, Indonesia
* corresponding author: cindy.moyna@ki.itera.ac.id

DOI: 10.20885/ijca.vol9.iss1.art5

GRAPHICAL ABSTRACT

nnnnnnn

Schiff base Ni(ll) - Schiff base

ARTICLE INFO ABSTRACT

Received : 27 January 2026 UV-Vis spectrophotometric method for the determination of
Revised : 15 February 2026 Ni(IT) was developed based on complex formation with a Schiff
Published : 31 March 2026 base ligand synthesized from 1,5-diphenylcarbazone and aniline.
Keywords : Nickel The ligand was obtained in 64.98% yield and exhibited absorption
determination, Schiff base ligand, bands at 239 and 278 nm, confirming the formation of an
Ni(IT)-Schiff base complex, azomethine. Complexation at a metal to ligand molar ratio of 1:3
Crystallization, UV—Visible produced a Ni(I[)-Schiff base complex with a maximum
Spectrophotometry absorption wavelength (Amax) at 532-535 nm in the visible region.

The complex exhibited optimum performance at pH 6 and
remained stable for 120 min. FTIR analysis supported
coordination through a shift of the C=N stretching band to lower
wavenumbers and the appearance of Ni—N vibrations.
Comparative evaluation demonstrated that the crystallized
complex provided higher analytical sensitivity at low
concentration than the non-crystallized form. Statistical validation
using Student’s #-test at the 95% confidence level indicated no
statistically significant effect of Co(II) on the absorbance response
(tcar < tup). This enhanced sensitivity, obtained through controlled
crystallization, is the principal advantage of the proposed approach
over conventional direct spectrophotometric complexation
methods. Overall, the developed system provides a simple,
reproducible, and analytically reliable method for the
determination of Ni(II) in aqueous media.
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1. INTRODUCTION

Nickel (Ni) is recognized as a significant heavy metal contaminant in aquatic environments
due to its persistence in natural waters and its tendency to bioaccumulate in aquatic organisms [1, 2].
Moreover, nickel poses considerable ecological and toxicological risks in areas influenced by
anthropogenic activities [3], particularly those related to mining [4], electroplating [5], alloy
manufacturing [6], and battery production [7]. Although nickel is required in trace amounts for
certain biological functions [8], excessive exposure has been linked to adverse health effects,
including respiratory disorders [9], allergic reactions [10], and carcinogenicity [11]. These
environmental and health concerns necessitate reliable and accessible analytical methods for accurate
nickel determination.

Nickel determination is commonly performed using advanced instrumental techniques, such
as AAS and ICP-MS, due to their high sensitivity [12, 13]. Nevertheless, their routine application is
often constrained by high operational and maintenance costs [14], the requirement for sophisticated
instrumentation, and labor-intensive sample preparation procedures involving hazardous reagents
[15]. These limitations reduce their practicality for routine monitoring, particularly in laboratories
with restricted analytical resources. In this context, UV—Vis spectrophotometry remains an attractive
alternative due to its simplicity [16], cost-effectiveness [17], and accessibility for the analysis of
transition-metal ions [ 18]. The analytical performance of UV—-Vis methods strongly depends on the
formation of stable and intensely coloured metal-ligand complexes, which enhance sensitivity and
improve selectivity through well-defined absorption characteristics [19, 20].

Schiff base ligands are widely employed as complexing agents in spectrophotometric metal
analysis owing to their facile synthesis by condensation reactions using inexpensive starting
materials [21]. Furthermore, these ligands exhibit a high degree of structural tunability [22] and
strong coordination ability toward transition-metal ions via azomethine (—C=N-) groups and
additional donor atoms [23, 24]. Numerous Schiff base systems have also been reported to exhibit
relatively low inherent toxicity and compatibility with green synthetic approaches [25], supporting
their suitability for routine and environmentally oriented analytical applications. Recent studies have
demonstrated the versatility of Schiff base ligands in the synthesis and spectroscopic characterization
of nickel(Il) complexes [26]. Previous reports on the synthesis and characterization of Schiff base
metal complexes for Fe(Il) highlight the applicability of such ligands [27, 28], while indicating the
limited exploration of analogous systems for nickel analysis.

Although Schiff base ligands have been widely investigated in coordination chemistry and
metal complex characterization, their systematic application in UV—Vis spectrophotometric nickel
determination remains comparatively limited. In particular, the influence of post-synthesis treatment,
such as crystallization, on the analytical performance of Ni(II)-Schiff base complexes has not been
comprehensively evaluated in routine UV-Vis spectrophotometric analysis. Against this
background, the present study aims to develop and systematically assess a UV-Vis
spectrophotometric method for the quantification of nickel(Il) based on a Schiff base ligand derived
from 1,5-diphenylcarbazone and aniline, with specific emphasis on comparing the analytical
performance of crystallized and non-crystallized complexes.

2. EXPERIMENTAL METHODS

This work was carried out to establish and assess a UV—Vis spectrophotometric method for
the determination of Ni(Il) using a Schiff base ligand. The experimental procedures involved the
preparation of reagents, synthesis of the ligand, formation of Ni(Il)-ligand complexes by non-
crystallization and crystallization approaches, and systematic evaluation of analytical parameters. All
experiments were performed under controlled and consistent conditions to ensure methodological
reliability and reproducibility.

2.1. Materials and Instrumentation

All reagents used in this work were of analytical grade and were used as received without
further purification. The chemicals comprised 1,5-diphenylcarbazone, aniline, ethanol, hydrochloric
acid (HCI), sodium hydroxide (NaOH), distilled water, nickel(II) nitrate hexahydrate, and cobalt(II)
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chloride hexahydrate. Supporting materials included Whatman No. 42 filter paper and aluminum
foil.

Laboratory glassware, including volumetric flasks, volumetric pipettes, beakers, and
measuring cylinders, was used during the experiments. Equipment included a magnetic stirrer, a
reflux apparatus, a hot plate, a vacuum pump, a Biichner funnel, a desiccator, and a pH meter
(Ohaus). Functional group characterization was conducted using a Fourier Transform Infrared
(FTIR) spectrometer (Shimadzu), whereas absorbance measurements were obtained using a UV—Vis
spectrophotometer (Cary 100).

2.2. Synthesis and Analytical Methods
2.2.1. Synthesis of Schiff Base Ligand

The Schiff base ligand was prepared from 1,5-diphenylcarbazone and aniline at a 1:1 molar
ratio, following a previously reported method [27]. Both compounds were dissolved in ethanol and
mixed until a homogeneous solution formed. Hydrochloric acid was added as a catalyst, followed by
stirring at ambient temperature for 30 min and refluxing for 2 h at 75-80 °C. The reaction mixture
was subsequently cooled to ambient temperature, affording a crystalline product, which was retrieved
by vacuum filtration, rinsed with distilled water, and desiccated until mass constancy was achieved.
The obtained ligand was dissolved in ethanol to prepare a 0.5 mM solution, which was analyzed by
UV-Vis spectrophotometry.

2.2.2. Synthesis of Ni(II)-Schiff Base Complex
Complex Formation by Non-Crystallization

Stock solutions of Ni(Il) ions and the Schiff base ligand were prepared at a concentration of
10 mM. Complex formation was achieved by mixing the two solutions at a 1:3 molar ratio [27]. The
resulting solution was subsequently diluted to a working concentration of 5 mM using a distilled
water-ethanol mixture (1:3).

Complex Formation by Crystallization

An alternative synthesis route involving crystallization was employed to synthesize the Ni(Il)—
Schiff base complex using the same molar ratio of 1:3. The Ni(II) solution was combined with the
Schiff base ligand solution and stirred until complete homogenization was achieved, followed by
reflux at 75-80°C for 2 h. The mixture was then cooled to ambient temperature to induce
crystallization. Formed crystals were retrieved by vacuum filtration and desiccated until mass
constancy was achieved. The isolated crystals were redissolved to prepare a 10 mM complex
solution, which was further diluted to a working concentration of 0.05 mM for spectrophotometric
measurements.

2.2.3. Determination of Analytical Parameters
All analytical parameters were determined for both the non-crystallized and crystallized
Ni(IT)-Schiff base complexes.

2.2.4. Determination of Optimum pH and Wavelength

Optimization of pH was performed by adjusting the pH of the 0.05 mM complex solution
within the range of 4-9 using 2x10* M HCI and 2x10* M NaOH, and the pH was measured with a
pH meter. The optimum wavelength was determined by measuring the absorbance of the complex
solution and selecting the wavelength that produced the maximum absorbance.

2.2.5. Determination of Complex Stability
Complex stability was assessed by monitoring changes in absorbance at the optimum pH and
wavelength over 0-120 min, with measurements taken at 30 min intervals.

2.2.6. Determination of Interfering Ion Effect

The influence of interfering ions was investigated by introducing Co(Il) ions from a 10 mM
stock solution into the Ni(I[)-Schiff base complex solution. The mixture was diluted to 0.05 mM
using a distilled water-ethanol mixture (1:3), and absorbance was recorded under optimum
conditions. The results were compared with those obtained in the absence of Co(II) using a ¢-test.
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3. RESULTS AND DISCUSSIONS

This section presents the experimental results of this study, covering the synthesis and
characterization of the Schiff base ligand and its Ni(I[) complexes, as well as their analytical
behavior. Spectroscopic data are examined to relate the observed absorption features to ligand
formation and metal-ligand coordination. In addition, the effects of preparation method, solution pH,
time stability, and the presence of interfering ions are systematically analyzed to assess the reliability
of the Ni(II)-Schiff base complex for spectrophotometric determination.

3.1. Schiff Base Ligand Formation and Characterization

The Schiff base ligand was prepared by a condensation pathway between 1,5-
diphenylcarbazone and aniline using a 1:1 molar ratio in ethanol under acidic conditions. The
reaction mixture was initially stirred at ambient temperature and subsequently refluxed at
approximately 79 °C for 2 h to facilitate the formation of the azomethine (C=N) linkage. After
cooling to ambient temperature, the product crystallized and was isolated by filtration, then dried in
a desiccator. The ligand was obtained with a yield of 64.98%. Such a yield is reasonable for Schiff
base condensation reactions, which are known to be reversible and sensitive to residual moisture.

In addition, partial product loss during crystallization and washing steps may contribute to the
observed moderate yield. Reported yields for Schiff base ligands prepared through similar
condensation approaches are generally within a comparable range [27], although variations in
substituent structure and reaction conditions may influence the overall yield.

Nevertheless, the synthesized ligand was obtained in sufficient quantity and purity for further
complexation and analytical studies. UV—Vis spectroscopy of the ligand solution (0.5 mM) revealed
two principal absorption bands at 239 nm and 278 nm. The absorption at 239 nm is associated with
T — ¥ excitation associated with the aromatic framework [28], whereas the band at 278 nm arises
from an n — 7* excitation attributed to the lone pair electrons of the azomethine nitrogen [29]. The
presence of this azomethine-related band provides clear spectroscopic evidence for Schiff base
formation. Its occurrence at a slightly shorter wavelength than the theoretical value reflects the
influence of the semipolar solvent environment.
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Figure 1. (a) UV—Vis spectrum of Schiff base ligand, (b) Molecular structure of Schiff base ligand.

FTIR spectroscopy was employed to identify the functional groups associated with Schiff base
formation. The FTIR spectrum of the ligand (Figure 4) shows a broad absorption located in the 3500-
3200 cm™ region, which corresponds to N—H stretching vibrations, with possible overlapping
contributions from O—H stretching due to hydrogen bonding or residual moisture.

A characteristic absorption signal associated with the azomethine (C=N) stretching vibration
at 1650-1600 cm™ region, confirming the formation of the Schiff base linkage. Additional absorption
signals located in the 1600-1500 cm™ region correspond to aromatic C=C stretching vibrations,
whereas signals appearing in the 1350-1250 cm™ range are assigned to C—N stretching vibrations of
the Schiff base framework [27]. These FTIR features are consistent with those reported for
azomethine-based ligands and confirm the successful synthesis of the Schiff base ligand.
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3.2. Ni(II)-Schiff Base Complex Formation and Characterization

Following ligand synthesis, coordination with Ni(I) ions was carried out using a metal to
ligand molar ratio of 1:3. Two preparation approaches were employed: direct complex formation in
solution and complex formation followed by crystallization, to assess whether the preparation
method influences the spectroscopic characteristics and analytical performance of the resulting
complexes.

3.2.1. Complex Formation by Non-Crystallization

When the Ni(II) solution was combined with the ligand solution, a reddish-brown coloration
developed immediately, indicating rapid coordination in the solution phase. The UV—Vis spectrum
of the non-crystallized complex (5 mM) revealed a distinct absorption maximum at 532 nm [30].
This band is absent in the spectrum of the free ligand. It is attributed to an electronic transition
associated with the coordination of the azomethine nitrogen to the Ni(II) center. The appearance of
this visible region absorption confirms the formation of a Ni(II)-Schiff base complex by non-
crystallization.
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Figure 2. (a) UV—Vis spectrum of Ni(I[)-Schiff base complex by non-crystallization, (b) Molecular
structure of Ni(I[)-Schiff base complex.

3.2.2. Complex Formation by Crystallization

In the crystallization approach, the mixture was refluxed and then cooled under controlled
conditions, yielding a brownish-purple crystalline material with a yield of 57.11%. The moderate
yield may be attributed to material loss during recrystallization and purification, processes commonly
associated with solid-phase isolation. Yields within a comparable range have been reported for other
Schiff base metal complexes prepared through similar condensation and isolation procedures [27].
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Figure 3. (a) Ni(Il)-Schiff base complex by crystallization, (b) Molecular structure of Ni(II)-Schiff
base complex.
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Nevertheless, the crystallized complex was obtained in sufficient quantity and purity for subsequent
analytical evaluation. Upon dissolution and UV—Vis analysis at 0.05 mM, the complex displayed a
maximum absorbance at 535 nm [30]. This value lies within the same visible region as that observed
for the non-crystallized complex, indicating that both preparation methods generate the same
chromophoric species.

FTIR spectra of the Ni(Il)-Schiff base complex (Figure 4) exhibit distinct differences relative
to the free ligand, indicating changes in ligand vibrational modes upon coordination. The C=N
stretching signal shifts to lower wavenumbers, appearing in the 1600-1550 cm™ region, indicating a
reduction in azomethine bond order induced by coordination of the nitrogen donor atom to the Ni(Il)
ion. New absorption bands are observed in the low-wavenumber region of 550-450 cm™, which are
attributed to Ni—N stretching vibrations [27]. Based on these spectral features, Ni(Il) coordination is
dominated by azomethine nitrogen coordination, consistent with the proposed structure of the Ni(II)—-
Schiff base complex.
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Figure 4. (a) FTIR spectra of the Schiff base ligand, and (b) Ni(I)-Schiff base complex.

3.3. Spectrophotometric Determination of Ni(II)-Schiff Base Complex
3.3.1. Effect of pH

The effect of pH on complex formation was investigated over the pH range of 4-9. For both
crystallized and non-crystallized complexes, the maximum absorption wavelength remained within
a narrow visible region (Amax =~ 532-535 nm), indicating that the electronic structure of the absorbing
species is largely unaffected by pH within this range. Maximum absorbance was consistently
obtained at pH 6. At lower pH values, decreased absorbance can be attributed to proton competition
with ligand donor atoms and increased solubility of Ni(Il) ions, which hinder effective coordination.
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Figure 5. Effect of pH variation on complex (a) by crystallization, (b) by non-crystallization.

At higher pH values, reduced absorbance is associated with the formation of nickel hydroxide
species, which limits the availability of free Ni(Il) ions for complexation [31]. Accordingly, pH 6
was selected as the optimum condition for subsequent spectrophotometric measurements.

3.3.2. Effect of Complex Stability

The time stability of the complexes was evaluated over 0-120 min under optimal conditions.
For the crystallized complex 0.05 mM, absorbance at 535 nm remained within the range 0.2979-
0.3400 throughout the measurement period. Similarly, the non-crystallized complex 5 mM showed
stable absorbance values at 532 nm, ranging from 0.9018 to 1.0950. These results indicate that both
complexes form rapidly and remain stable over the time scale relevant to spectrophotometric
analysis, thereby ensuring reliable and reproducible measurements [32].
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Figure 6. Effect of complex stability (a) by crystallization, (b) by non-crystallization.

3.3.3. Effect of Interfering Ion

The influence of interfering ions was examined using Co(Il) as a potential competitor. After
the addition of Co(II), the maximum absorption wavelength of the complexes remained unchanged,
with Amax values of 535 nm for the crystallized complex and 532 nm for the non-crystallized complex.
The absence of any wavelength shift indicates that the same absorbing species dominates the spectra
before and after the introduction of the interfering ion [33].
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Figure 7. Effect of interfering ion complex (a) by crystallization, (b) by non-crystallization.

3.3.4. Evaluation of Analytical Response
Comparable optimum pH, complex stability time, and resistance toward Co(II) interference were
observed for both crystallized and non-crystallized Ni(II)-Schiff base complexes. Nevertheless, a

distinction emerges in their analytical responses at low concentration. Under identical measurement
I
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conditions, the non-crystallized complex produced only a weak absorbance at 0.05 mM, whereas the
crystallized complex yielded a discernible and stable signal at the same concentration. Accordingly,
subsequent measurements were conducted at 5 mM for the non-crystallized complex and at 0.05 mM
for the crystallized complex. The dependence of absorbance on concentration follows the Beer-
Lambert relationship:

A=Eb.c (1)

Where 4 denotes absorbance, & designates the molar absorptivity, b signifies the optical path
length, and ¢ refers to the concentration of the absorbing species. Based on the Beer-Lambert
relationship, the molar absorptivity (£) values were calculated using a 1 cm optical path length. The
non-crystallized complex exhibited a molar absorptivity of 291.24 L.mol'.cm™ at 5 mM, whereas
the crystallized complex showed a significantly higher value of 1174 L.mol.cm™ at 0.05 mM. The
approximately fourfold increase in & confirms that crystallization enhances the intrinsic analytical
sensitivity of the Ni(II)-Schiff base complex. Because the optical path length remains constant under
identical experimental conditions and the same chromophoric system is involved, absorbance is
directly proportional to concentration:

Axc )

The crystallized complex exhibited markedly higher analytical sensitivity than the non-
crystallized form, particularly at low concentration levels. Under identical experimental conditions,
the crystallized system generated a clearly measurable and stable absorbance signal, whereas the
non-crystallized complex produced only a weak response. This observation confirms that
crystallization enhances the intrinsic analytical performance of the Ni(II)-Schiff base complex.

The interference study further supports this observation. Although absorbance intensity
increased following Co(Il) addition, a ¢-test at the 95% confidence level indicated that the difference
was not significant. For the crystallized complex, the average absorbance increased from 0.0587 to
0.2329 (tear < tiap; 7.424 < 12.706; n = 2, df = 1), while for the non-crystallized complex it decreased
from 1.4562 to 1.3200 (few < twp; 2.187 < 4.303; n = 3, df = 2). These results indicate that
crystallization enhances analytical sensitivity while preserving the stability and selectivity of the
Ni(IT)—Schiff base complex [34, 35].

TABLE 1. Evaluation of The Ni(II)-Sciff Base Complexes Analytical Parameters

Complex A (mm) Optimum pH Optimum Stability (min) Lear < tap
Crystallized 535 6 120 7.424 < 12.706
Non-crystallized 532 6 120 2.187 <4.303

4. CONCLUSIONS

A UV-Vis spectrophotometric method for Ni(II) determination was developed using a Schiff
base ligand synthesized from 1,5-diphenylcarbazone and aniline. The ligand formed a stable Ni(II)
complex at a 1:3 metal-to-ligand molar ratio, exhibiting a characteristic visible absorption band at
532-535 nm. Optimum performance was achieved at pH 6, and the complex remained stable for at
least 120 min, providing a reliable time window for analysis. Evaluation of Co(Il) as a potential
interfering ion resulted in no observable shift in the maximum absorption wavelength, indicating that
the principal absorbing species remained predominant under the tested conditions. A clear difference
in analytical sensitivity was observed between the crystallized and non-crystallized complexes. The
crystallized complex exhibited higher molar absorptivity and generated a stable, measurable signal
at lower concentration. Statistical analysis at the 95% confidence level confirmed a significant
difference between the two preparation approaches. These findings demonstrate that controlled
crystallization enhances analytical sensitivity. Within the scope of this study, the proposed method
represents a viable and practical alternative for the determination of Ni(I) by UV-Vis
spectrophotometry.

Copyright © 2026 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e
ISSN 2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence.


https://creativecommons.org/licenses/by-sa/4.0/

Clara et al., Ind. J. Chem. Anal., Vol. 09, No. 1, 2026, pp. 57-67 65

Acknowledgement
The authors gratefully acknowledge the financial support provided by Dr. Zipora Sembiring,

M.Si. (Universitas Lampung), which made this research possible. The authors also thank the
Chemistry Laboratories of Institut Teknologi Sumatera and Universitas Lampung for providing
facilities and instrumental support during the experimental work.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

References

0. Oziegbe, E. J. Oziegbe, and O. Ojo-Omoniyi, “Bioremediation of heavy metals in aquatic
environment: A review,” Cleaner Chemical Engineering, vol. 11, p. 100193, 2025.

S. Ray and R. Vashishth, “From water to plate: Reviewing the bioaccumulation of heavy metals in fish
and unraveling human health risks in the food chain,” Emerg. Contam., vol. 10, no. 4, p. 100358, 2024.

P. Saravanan et al., “Comprehensive review on toxic heavy metals in the aquatic system: sources,
identification, treatment strategies, and health risk assessment,” Environ. Res., vol. 258, p. 119440, 2024.

H. Herawati et al., “Ecological and Human Health Risks of Nickel Mining: A Systematic Review,”
Journal of Public Health and Pharmacy, vol. 5, no. 3, pp. 678—695, 2025.

K. Pikula ef al., “Aquatic toxicity of particulate matter emitted by five electroplating processes in two
marine microalgae species,” Toxicol. Rep., vol. 8, pp. 880-887, 2021.

J. Levické and M. Orlikova, “The Toxic Legacy of Nickel Production and Its Impact on Environmental
Health: A Case Study,” Int. J. Environ. Res. Public Health, vol. 21, no. 12, p. 1641, 2024.

S. Randhawa and L. Chopra, “Pestilential impacts of battery industry discharged metal waste on human
health,” Mater. Today Proc., vol. 52, pp. 434-438, 2022.

X. Mao et al., “Microbial assisted alleviation of nickel toxicity in plants: A review,” Ecotoxicol. Environ.
Saf-, vol. 289, p. 117669, 2025.

S. Syurin and D. Vinnikov, “Occupational disease predictors in the nickel pyrometallurgical production:
a prospective cohort observation,” Journal of Occupational Medicine and Toxicology, vol. 17, no. 1, p.
21,2022.

M. Rafati Rahimzadeh, M. Rafati Rahimzadeh, S. Kazemi, and A. A. Moghadamnia, “Nickel; a metal
with threats to human health, focusing on its intoxication mechanisms,” Hum. Exp. Toxicol., vol. 44,
2025.

A. Graziani et al., “Nickel in Biological Samples in Association with Cancer Risk: a Systematic
Literature Review,” Curr. Epidemiol. Rep., vol. 12, no. 1, p. 9, 2025.

D. Wibowo et al., “Analisis Logam Nikel (Ni) dalam Air Laut dan Persebarannya di Perairan Teluk
Kendari, Sulawesi Tenggara,” Indonesian Journal of Chemical Research, vol. 8, no. 2, pp. 144—-150,
2020.

E. Ph. Galay, R. V. Dorogin, and A. Z. Temerdashev, “Quantification of cobalt and nickel in urine using
inductively coupled plasma atomic emission spectroscopy,” Heliyon, vol. 7, no. 1, p. e06046, 2021.

B. H. Abdelmonem, L. T. Kamal, R. M. Elbaz, M. R. Khalifa, and A. Abdelnaser, “From contamination
to detection: The growing threat of heavy metals,” Heliyon, vol. 11, no. 1, p. e41713, 2025.

F. Pan et al., “Quantitative assessment on soil concentration of heavy metal-contaminated soil with
various sample pretreatment techniques and detection methods,” Environ. Monit. Assess., vol. 192, no.
12, p. 800, 2020.

Copyright © 2026 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e
ISSN 2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence.


https://creativecommons.org/licenses/by-sa/4.0/

Clara et al., Ind. J. Chem. Anal., Vol. 09, No. 1, 2026, pp. 57-67 66

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

M. Malik, K. H. Chan, and G. Azimi, “Quantification of nickel, cobalt, and manganese concentration
using ultraviolet-visible spectroscopy,” RSC Adv., vol. 11, no. 45, pp. 28014-28028, 2021.

S. M. Workneh, G. A. Dagnaw, A. M. Adamu, and G. A. Wubetu, “Low-cost visible spectrophotometer
for detecting absorption and emission in metallic blends of colorful samples solution,” Results in Optics,
vol. 16, p. 100703, 2024.

S. Suprapto and Y. L. Ni’mah, “Direct Cu, Fe, and Ni Ions Multicomponent Analysis Using UV—Vis
Spectrophotometric Method,” IJCA (Indonesian Journal of Chemical Analysis), vol. 6, no. 2, pp. 106—
115, 2023.

R. E. Sabzi, A. Nikoo, Y. Nikzad, M. Bahram, K. Akbari, and N. Samadi, “Synthesis and Determination
of Stability Constants of a New Bis-1,2,4-triazole Ligand for Complexation with Zinc(II), Copper(II)
and Nickel(Il) in Acetonitrile,” Am. J. Analyt. Chem., vol. 03, no. 06, pp. 437442, 2012.

M. A. Treto-Sudrez et al., “New Sensitive and Selective Chemical Sensors for Ni 2" and Cu ?* Ions:
Insights into the Sensing Mechanism through DFT Methods,” J. Phys. Chem. A, vol. 124, no. 32, pp.
64936503, 2020.

B. Karpagam et al., “Synthesis, spectroscopic and crystal structure of nickel(Il) complex of
thiosemicarbazone basedSchiff base: Antimicrobial, anticancer and molecular docking studies,” Inorg.
Chem. Commun., vol. 132, p. 108850, 2021.

K. S. A. Abou-Melha, “Sustainable synthesis of bivalent Ni 2, Co 2", and Cu ?* Schiff base complexes
via ball milling as a green approach: A study of spectroscopic characterization, cyclic voltammetry,
bioactivity, DFT analysis, SAR, drug likeness, and molecular docking,” Arabian Journal of Chemistry,
vol. 18, p. 562025, 2025.

M. Sunjuk ef al., “Transition Metal Complexes of Schiff Base Ligands Prepared from Reaction of
Aminobenzothiazole with Benzaldehydes,” Inorganics (Basel)., vol. 10, no. 4, p. 43, 2022.

P. Mandal and J. L. Pratihar, “Chemistry of 2,2'-(diamino)azobenzene ligand: a brief review,” Reviews
in Inorganic Chemistry, vol. 44, no. 1, pp. 73-89, 2024.

Md. T. Islam et al., “Water-soluble Schiff base ligands and metal complexes: an overview considering
green solvent,” RSC Adv., vol. 14, no. 35, pp. 25256-25272, 2024.

D. Aggoun et al., “New nickel (II) and copper (II) bidentate Schiff base complexes, derived from
dihalogenated salicylaldehyde and alkylamine: Synthesis, spectroscopic, thermogravimetry,
crystallographic determination and electrochemical studies,” Polyhedron, vol. 187, p. 114640, 2020.

Z. Sembiring and A. Abadi Kiswandono, “Senyawa Kompleks Fe(II)-Basa Schiff: Sintesis, Karakterisasi
Spektroskopi dan Studi Termal,” Analit: Analytical and Environmental Chemistry, vol. 5, no. 02, pp.
123-134, 2020.

Z. Sembiring, Y. Ambarwati, and N. Aditya, “Synthesis and Characterization of Fe(II) Complex
Compounds with Schiff Base Ligands of 4-Dimethylamino Benzaldehyde and Aniline as Dye Sensitized
in Dye Sensitized Solar Cell (DSSC),” Analit: Analytical and Environmental Chemistry, vol. 8, no. 1, p.
21, 2023.

D. Krishnan and A. Sheela, “Design of Azomethine based Metalloorganic Complexes and their Binding
Interactions with Nucleic Acid and Protein,” J. Mol. Struct., vol. 1302, p. 137407, 2024.

N. Ahmed Rasheed Al-qasii, A. T. Bader, and Z. Mosaa, “Synthesis and Characterization of a Novel
Azo-Dye Schiff Base and Its Metal lon Complexes Based on 1,2,4-Triazole Derivatives,” Indonesian
Journal of Chemistry, vol. 23, no. 6, p. 1555, 2023.

V. Mishra, S. Kumar, N. Kumar, S. Dixit, and C. Mohan, “Synthesis of pH-dependent Ni(II) coordination
complexes with Schiff base and their structural characterization,” Mater. Today Proc., 2023.

Copyright © 2026 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e
ISSN 2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence.


https://creativecommons.org/licenses/by-sa/4.0/

Clara et al., Ind. J. Chem. Anal., Vol. 09, No. 1, 2026, pp. 57-67 67

[32]

[33]

[34]

[35]

I. Waziri et al., “Synthesis, Characterization, Biological Evaluation, DFT Calculations, and Molecular
Docking Study of Transition Metal Complexes Derived From a Schiff Base Ligand,” Chem. Biodivers.,
vol. 22, no. 11, 2025.

M. M. Algasaimeh, A.-A. M. Abu-Yamin, S. A. Matar, I. A. Sarairah, M. M. Salman, and R. M. Al-
As’ad, “Synthesis and characterization of a new Schiff-base derivative as an optical nickel (II)
chemosensor and its antimicrobial activity,” J. Photochem. Photobiol. A Chem., vol. 447, p. 115277,
2024.

B. Chowdhury, M. Karar, S. Paul, M. Joshi, A. R. Choudhury, and B. Biswas, “Salen Type Ligand as a
Selective and Sensitive Nickel(II) ion Chemosensor: A Combined Investigation with Experimental and
Theoretical Modelling,” Sens. Actuators B Chem., vol. 276, pp. 560-566, 2018.

N. Plyuta, A.-L. Barra, G. Novitchi, and N. Avarvari, “Six-coordinated nickel(Il) complexes with
benzothiadiazole Schiff-base ligands: synthesis, crystal structure, magnetic and HFEPR study,” Dalton
Transactions, vol. 53, no. 20, pp. 8835-8842, 2024.

Copyright © 2026 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e
ISSN 2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence.


https://creativecommons.org/licenses/by-sa/4.0/

