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A B S T R A C T
In this study, we present new metal complexes of Cr(II), Co(II), 
and Ni(II) synthesized using novel ligands produced through azo 
coupling between luminol and sulfamethoxazole. UV-Vis, FT-IR, 
¹H NMR, and ¹³C NMR spectroscopy were used to characterize the 
produced ligands and their complexes. UV-Vis results indicate that 
the maximum difference in absorbance wavelengths (λ max) was 
observed for the azo dye ligand and its respective metal complex, 
indicating successful coordination. Calibration curves constructed 
at the wavelengths specified for each complex are reported to 
exhibit excellent linearity within the range of 1.0-20.0 mg mL-1 (R²> 
0.998). The limits of detection LOD and quantification LOQ were 
determined to be 0.18 and 0.55 μg mL-1, respectively. The method 
met the conditions for precision, as expressed by the relative standard 
deviation (RSD%), and was thus shown to have high reproducibility, 
with an RSD% below 2.5% (n = 5). Recovery studies were performed 
using known standards to spike analytes with recoveries ranging 
from 97.2% to 102.1%, indicating the method is accurate. The 
complexes were stable under varying pH, temperature, and time 
conditions. Job’s and molar ratio methods confirmed 1:2 metal-to-
ligand stoichiometry. Furthermore, the synthesized complexes were 
also found to exhibit considerable antibacterial activity against both 
gram-positive and gram-negative bacteria, in addition to the above 
analytical reliability in the new luminol-based azo complexes. New 
metal complexes (CrII, CoII, and NiII) were constructed using novel 
ligands synthesized from the azo coupling reaction between luminol 
and sulfamethoxazole. Calibration curves for the λmax were utilized to 
study the adherence of the complexes to the Beer-Lambert law. 
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1. Introduction
Luminol is a widely used compound in the field of 
chemiluminescence, often employed as a   detection 
reagent for the presence of various oxidizing agents 
[1]. It has also been investigated  for its  potential 

biological activities. Synthesizing new complexes 
based on luminol and characterizing their properties 
can lead to the development of novel compounds with 
enhanced biological activities [2].   Azo compounds 
are characterised by stability [1], high selectivity [2] 

 , and sensitivity [3] . Therefore, they have been the 
focus of attention for researchers in the preparation 
of serious azo reagents  [4–7]. Azo compounds have 
much importance in the commercial [8]‎ and industrial 

------------------------
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fields [9] , since these are used to prepare thousands 
of azo dyes annually and are distinguished by their 
characteristic colour, especially red, orange, and yellow 
‎[10, 11]‎. They are also quick to prepare   and have good 
performance [12] . Analytical studies on azo compounds 
[13–15]‎ have proved their efficiency in quantitative and 
qualitative estimation, detection of elements and metal 
ions in low amounts [16],  determination of the amount 
of formation of elements, especially transitional 
metals , flattening, extraction, and gel chromatography 
‎[17] . Luminol is a fluorescence reagent [18] used in 
analytical applications due to its efficient emission 
characteristics. Innovative nanomaterial-based 
sorbents, which have recently facilitated the extraction 
and determination of volatile organic compounds 
(VOCs), like toluene and BTEX, in environmental 
and food samples, include Teimoori et al, who reported 
on a toluene extraction-from-water-high-efficiency 
performance with aminopropyl trimethoxysilane-
phenanthrene carbaldehyde-functionalized graphene 
oxide [19, 20]. Another study from the same group 
introduced functionalized multi-walled carbon 
nanotubes (MWCNTs) as rapid, dispersive micro-
solid phase extraction capillaries to extract BTEX from 
water and milk [21]. High recoveries and low detection 
limits mark the achievement. Besides, nano-carbon 
structures have proven efficient in toluene extraction 
before GC analysis. Ashouri et al. contributed 
further by using ionic liquid-coated MWCNTs for 
the dynamic and static removal of benzene from air, 
as well as synthesizing carbon quantum dots from 
olive stones for efficient benzene adsorption [22, 
23]. All of these reported studies appear to open up 
quite spectacular avenues for the functionalization of 
carbon nanomaterials and novel extraction techniques. 
This potential enables sensitive, rapid, and selective 
monitoring of hazardous organic pollutants in various 
matrices, as recently reviewed by Arjomandi et al. for 
heavy metal analysis in environmental and biological 
samples [24]. Recent studies have been conducted on 
VOC removal from different environmental matrices 
using other techniques. In their recent research, 
Mohammadi Asl et al [25] compared toluene removal 
from air using various methods. The study found that 
the ultraviolet semi-degradation-based adsorption 

process yielded significantly higher removal efficiency 
compared to adsorption alone for highly toluene-
concentrated samples with extended contact times 
during the procedure. In a 2023 study conducted by 
Asl and Atabi [26], it was revealed that functionalized 
graphene oxide with bismuth and titanium oxide 
nanoparticles was excellent at removing formaldehyde 
from air by employing a dual photocatalytic 
degradation-adsorption mechanism, owing to its 
superior performance resulting from enhanced electron 
transfer and increased surface area compared to its 
traditional counterparts. Rakhtshah and Esmaeil [27] 
described the development of a novel microextraction 
technique utilizing ionic liquid-immobilized MWCNTs 
for the removal of styrene from water sample matrices. 
They achieved over 95% efficiency in extraction, 
along with good recoveries and detection limits in the 
rare μg L-1 range, compared to conventional methods, 
while drastically reducing processing time. In the 
same manner, Faghihi-Zarandi et al. [28] reported 
the efficiency of bismuth oxide in conjunction with 
heterogeneous graphene/graphene oxide in removing 
xylene vapor from the air by a combination of UV 
photocatalytic degradation and adsorption mechanism 
and showed that such hybrid material not only degraded 
the xylol into smaller fragments but also captured the 
intermediates giving the overall removal efficiencies 
higher than 85% under optimized conditions set for the 
experiment. Current studies are focused on preparing 
derivatives of luminol to increase their quantitative 
amounts by enhancing the colour intensity of luminol’s 
ability to emit light upon oxidation [29]. Being a suitable 
reagent for azo formation with sulfamethaxadiazole 
and efficient, luminol is used in chemiluminescence 
[30]  and bio-sensitization [31]  processes. The effect of 
time, temperature, and pH stability, and its adherence 
to the Beer–Lambert law, has been demonstrated in 
spectroscopic studies using the prepared reagent. The 
bioavailability of sulfonamides against bacteria is due 
to their importance in treating various diseases [32, 33].

2. Experimental
2.1. Materials and instrumentation 
All of the chemicals were of top quality.  To measure 
the melting points of our compounds, we used a 
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Stuart SMP30 Melting Point Apparatus. We also used 
TLC for tracking our reaction. Then, we obtained 
spectral records using a Shimadzu UV-1650PC 
Spectrophotometer (Japan) and an FT-IR-8400S 
Shimadzu (Japan) to obtain infrared spectra with KBr 
pellets in the College of Science at the University of 
Dhi Qar. We used a Bruker DRX System AL 500 
MHz Ultra Shield at Sanat Sharif University in Iran to 
obtain ¹H NMR spectra in the Chemistry Department. 
DMSO-d6 served as the solvent, and TMS was used 
as the reference. We sought to determine the electrical 
conductivity of the complex under laboratory-
controlled conditions. We used an InoLab Cond 720 
device (Xylem Analytics Company) with a platinum 
electrode, 10-3 molar concentration, and dimethyl 
sulfoxide solvent to measure the molar conductivity at 
room temperature. Ultimately, our testing revealed that 
the electrical properties of the complex are substantial. 
The reagents such as Luminol (5-Amino-2,3-dihydro-
1,4-phthalazinedione, Sigma-Aldrich, USA, CAS No. 
521-31-3), Sulfamethoxazole (Sigma-Aldrich, USA, 
CAS No. 723-46-6), Sodium nitrite (NaNO₂, Merck, 
Germany, CAS No. 7632-00-0), Sodium hydroxide 
(NaOH, Merck, Germany, CAS No. 1310-73-2), 
Hydrochloric acid (HCl, 37%: Merck, Germany, CAS 
No. 7647-01-0), Ethanol (absolute, Sigma-Aldrich, 
USA, CAS No. 64-17-5), n-Hexane (Sigma-Aldrich, 
USA, CAS No. 110-54-3), Ethyl acetate(Sigma-
Aldrich, USA, CAS No. 141-78-6), Cobalt(II) chloride 
hexahydrate (CoCl₂·6H₂O, Sigma-Aldrich, USA, 

CAS No. 7791-13-1), Nickel(II) nitrate hexahydrate 
(Ni(NO₃)₂·6H₂O, Sigma-Aldrich, USA, CAS No. 
13478-00-7), Chromium(III) chloride hexahydrate 
(CrCl₃·6H₂O, Sigma-Aldrich, USA, CAS No. 10060-
12-5), Deionized water(DW) Produced in-lab by 
Milli-Q water purification system, Potassium bromide 
(KBr) for IR (Sigma-Aldrich, USA, CAS No. 7758-02-
3), Dimethyl sulfoxide-d6 (DMSO-d6, Sigma-Aldrich, 
USA, CAS No. 2206-27-1), and Tetramethylsilane 
(TMS, Sigma-Aldrich, USA, CAS No. 75-76-3)  were 
used in this study, which were received as analytical 
chemicals without further purification, were utilized 
without further purification.

2.2. Preparation of azo dyes 
A blend of 2.0 mL hydrochloric acid and 10 mL 
deionised water was stirred in a beaker, into which 
0.01 moles of luminol had been dissolved. The 
temperature was cooled to between 0 and 5°C before 
a 0.01 M NaNO2 solution was added. After that, a 
0.01 M solution of sulfamethoxazole dissolved in 5% 
NaOH was prepared, and the mixture was stirred for 
2 hours. Finally, hot ethanol washed over it before it 
was recrystallized. We successfully prepared a brown 
precipitate using a 1:1 ratio of n-hexane and ethyl 
acetate. The reaction we tested had an Rf value of 0.65, 
and its melting point was 287-288°C. You can take a 
gander at the diagram (Scheme 1) to get a better idea of 
the process [34] , while Table 1 offers up some physical 
characteristics and elemental analyses. 
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2.3. Preparation of metal complexes  	
To prepare our azo-azomethine complex, we 
began by dissolving 0.005 mole of the ligand in 
hot ethanol. Then, we carefully added 0.005 moles 
of CoCl2 · 6H2O, Ni(NO3) 2·6H2O, and CrCl3 · 
6H2O, each in a 1:1 molar ratio, to a pH-adjusted 
solution made from a 0.05 M HCl and 0.05 M 
NaOH mixture. All solutions were in 20 mL of 
liquid for each metal, adjusted to the optimal pH 
for each component. Finally, we set our mixture 
to simmer between 30-45°C for about 12–15 
hours, until a solid precipitate formed. Separate 
the mixture by filtration, and then give it several 
hot washes with 10 mL of ethanol. Finally, dry 
for a moment before fully re-crystallizing using 
absolute ethanol [35].

2.4. Preparation of Solutions
The standard solutions of metal ions were prepared. 
The weights of ( 0.118 , 0.085, and  0.068 g) of 
CoCl2.6H2O, Ni(NO3)2.6H2O, and CrCl3.6H2O 
were dissolved into a 100 mL solution of distilled 
water, diluting them until complete. Sodium 
hydroxide (0.05M) solution was made by melting 
0.5 g of material in a beaker, then transferring it to a 
volumetric flask and diluting it with deionized water 
up to the mark. Hydrochloric acid (0.05M) solution 
prepared by adding 1.036 ml of concentrated HCl 
solution (d=1.19 g mL-1, 37% w/w) slowly with 
stirring to an appropriate amount of distilled water 
in a 250 ml volumetric flask, and complete the 
volume up to the mark  with distilled water. The 
solution of 1 × 10-3 for spectrophotometry was 
prepared by adding 1 mL of the ion concentration 
solution (100 μg mL-1) into a 10 mL volumetric 
flask, along with 2 mL of reagent (1×10-3 M). Once 

the metal ions that react to the reagent have been 
determined, determine λmax and fill the flask to the 
mark with deionized water. For the blank solution, 
prepare it in the same manner, but omit the ion 
under study (Scheme 2). 

2.5. Method of conducting spectral studies
2.5.1.The effect of reagent volume
At λmax, the absorbance of metal-chelates was 
recorded by shaking well the reagents of various 
volumes (0–3 mL) at a concentration of 1×10 ³ M 
with 1.0 mL of metal ion solutions. This was done 
against a prepared reagent blank.

2.5.2.‎The effect of reaction time
 1.0 mL of metal ion solutions at a concentration 
of 1×10-3 M was shaken well to study the effect of 
time on the stability of the complexes at the optimal 
size. The absorption of metal-chelates was then 
recorded at λmax (0-70) min against the prepared 
reagent blank.
‎
2.5.3.‎Effect of pH value
The absorption of complexes at various pH 
levels was investigated by using HCl and NaOH 
solutions. Metal ion solutions 1.0 mL  concentration 
1×10-3M  were mixed with the appropriate reagent 
volume at different pH values ranging from 2 to 12. 
The absorbance was then measured at the suitable 
λmax against a blank prepared with the reagent. 
Additionally, 0.05 M concentrations of HCl and 
NaOH solutions were utilized in this experiment.

2.5.4.Effect on temperature
Placing 1mL of metal ion solutions, we then studied 
the effect of temperature on reagent  concentration  
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Table 1. Physical properties and novel azo dyes and compounds

No Complexes M.Wt Colour m.p°C Yield%

1 azo dyes 441 Brown  287 -288 85

2 [Cr (L) (H2O)2]‎ Cl2 707.45 Light brown 272-274 68

3 [Co‎ (L) (H2O)2‎]‎  Cl2‎ 731.97 Dark brown 296 -298 79

4 [Ni (L)] (NO3)2 678 Black 263-264 77
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1×10-3 M   by adjusting the pH and immersing it in 
a water bath with varying temperatures (0 - 80) ºC. 
After the optimal time, we measured the absorbance 
at the appropriate λmax against a prepared reagent 
blank.
‎
2.6. Determination of degree of dissociation and 
stability constant
We took equivalent volumes of the reagent and 
metal ion solutions at 1×10-4 M, and the stability 
constant of the complexes was measured. The 
absorption at λmax and optimal pH values was 
also measured. The ideal state for each complex 
was adopted for the measurement. To calculate 

the dissociation degree and stability constant, 
the (Am and As) value was measured against a 
reagent blank. This value represents the complex 
in partial dissociation. The experiment was then 
repeated with an excessive volume of reagent. The 
absorbance of the complexes at the appropriate λmax 
was measured against a reagent blank prepared 
without ions. This measurement represents the 
non-dissociation complex. The interaction between 
the metal ions and reagents can be represented by 
the following Equation 1.

                                (Eq.1)

Analysis of new Luminol complexes by spectroscopy methods            Ban Khalil Ali

Scheme 2. Chemical process and solutions preparation steps
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2.7. Determination of the stoichiometry of the 
complex
The continuous variation method and the Molar 
ratio method were used. The variation method 
involved in this experiment required the careful 
combination of solutions containing metal ions 
and ligands. These solutions were prepared with 
equal molar concentrations of 1×10-4 M but 
variable volumes of solution. The total volume 
of the combined solutions remained constant at 2 
ml. After mixing, the absorbance of each solution 
was measured at its respective λmax. Additionally, in 
the Molar ratio method, the total volume remained 
constant at 2 mL, and the ligand concentration was 
maintained at 1 × 10 - 4 M. The metal ions varied 
in concentration. Next, the absorbance of each 
solution was measured at λmax.

2.8. Biological activity
At the Biology Department of the University of 
Dhi Qar, we examined the biological activity of the 
complex utilizing the diffusion agar method. Our 

focus was on positive and two types of harmful 
gram bacteria, specifically Staphylococcus aureus, 
E. coli, and K. pneumoniae, which were diseased 
isolates. To assess the inhibitory effect of the 
complex, we created three holes in the cultured 
spectra and inserted the prepared complex. The 
cultivars grown with bacteria were exposed to four 
different concentrations of the complex before 
being placed in an incubator at 37 °C for 24 hours. 
The measurement of the inhibition zone was then 
conducted for each case [36]‎.
‎ 
3. Results and Discussion
3.1. UV-Vis spectra
We logged the UV-VIS spectrum of azo-azomethine 
dyes using Figures 1(a-d). Once dissolved in DMSO 
at room temperature in the range (200-800) nm , the 
concoction emitted two notable absorptions: one 
ranging from 238-325 nm concerning transitions 
from π→π* in the aromatic ring, and another situated 
between 400-470 nm attributed to (n→π*) paired 
with (-C=N-) and (-N=N-) bonds [37] (Table 2).
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Table 2. Electronic spectrum and magnetic moment of the complex

No Complexes λmax‎ Transition Suggested geometry

1 azod yes 305, 356  n→π* , π→π* -

2 [Cr (L) (H2O)2 ‎]‎ Cl2 297, 354, 450 n→π* , π→π* Octahedral

3 [Co‎ (L) (H2O)2 ‎]‎  Cl2‎ 300, 386, 439 n→π* , π→π* Octahedral

4 [Ni (L)] (NO3)2 321, 350, 409, 476 n→π* , π→π* Tetrahedral

 Fig. 1a. UV-Vis spectra of azo dyes                            Fig. 1b. UV-Vis spectra of [Cr(L)(H2O)2]Cl2 



37

3.2.  FT-IR spectra of ligand ‎ 
Using a Shimadzu FT-IR spectrophotometer, the 
azo-azomethine ligand’s IR spectrum was acquired 
with a KBr disk. The obtained spectrum, displayed 
in Figure 2, revealed peaks at 3460-3416 for (NH2), 
3322 for (NH), 3004 for (C-H oxazole ring), 2905 
for (C-H aromatic), 1652 for (C=O amide), 1590 
for (C=C), and 1440 for (C-O) [1, 38].
‎

3.3.  1H-NMR spectrum
Figure 3  displays the 1H-NMR spectrum of the azo-
azomethine, prepared at 400 MHz with DMSO-d6. 
This spectrum reveals the following peaks: 14.09 
(s, 0H), 13.27 (s, 1H), 11.48 (s, 2H), 8.19   (d, J = 8.3 
Hz), (1H), 8.14–8.04 (m, 0H), 8.00–7.92 (m, 1H), 
7.96–7.81 (m, 5H), 7.66 (d, J = 10.1  Hz, 4H), 7.48 
(t, J =7.9 Hz, 2H), 6.95 (dd, J=22.5, 7.9 Hz, 3H), 
6.20 (d, J = 8.2 Hz, 2H), and 11.58 (s, 0H)[1].

Analysis of new Luminol complexes by spectroscopy methods            Ban Khalil Ali

 Fig. 1c. UV-Vis spectra of [Co(L)(H2O)2]Cl2              Fig. 1d. UV-Vis spectra of [Ni(L)](NO3)2 complex

Fig. 2. FT-IR spectra of prepared ligand
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3.4. ‎‎13C-NMR   spectrum   
‎13C-NMR   spectrum of ligand followed by (101 
MHz, DMSO-D6) δ 170.80, 161.78, 157.98, 
157.93, 151.89, 151.03, 135.23, 134.31,   133.03, 
128.67, 127.01, 116.95, as shown in Figure 4.

3.5. Experimental condition optimization
3.5.1.Effect of reagent volume
The adsorption at λmax was recorded by studying 
the effect of the detector. Different volumes (0-3 
mL) of the reagent (1×10-3 M) were used with 1.0 
mL of metal Ni(II), Co(II), and Cr(II), showing the 

highest absorbance with 1-2 mL of the reagent. 
Figure 5 displays the results.

3.5.2.‎Effect of reaction time
It is essential to determine the time during which 
the compound maintains its stability, and the study 
was conducted over a period of 0-70 minutes.  The 
components were mixed at room temperature, 
and the reaction remained stable for 24 hours, 
indicating a potent coordination ligand with metal 
ions.  Figure 6 displays the results .
 

Anal. Methods Environ. Chem. J. 8 (3) (2025) 31-46

Fig. 3. 1H-NMR of prepared ligand

Fig. 4. 13‏C-NMR of prepared ligand
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3.5.3.‎Effect of pH
The  ion complexes measured at λmax exhibit changes 
in absorbance relative to solution pH. Initially, the 
absorbance of each complex is low on the acidic 
side and gradually increases until it reaches its 
maximum at the ideal pH value. Subsequently, as 
the pH increases, the absorbance decreases. The 
charts indicate that the optimal pH values for L-Cr, 
L-Co, and L-Ni are 10, 8, and 7, respectively. These 
chelate complex solutions remain stable within a pH 
range of 6-10. The observed decrease in absorbance 
can be attributed to the high proton content of 
the ligand at lower pH levels. This abundance of 

protons inhibits the formation of complexes by 
preventing electron pairs from bonding with the 
metal cations.     Figure 7 displays the results .

3.5.4.Temperature effect
The complex was studied for its temperature effect 
from 10 to 80 degrees Celsius. The  appropriate 
temperature range for complex formation was 
found to be between 30 and 45  degrees Celsius, as 
indicated by the maximum absorbance shown in 
Figure 8. However, as the  temperature increased, 
the complex started to dissociate, leading to a 
decrease in absorbance [39] .

Analysis of new Luminol complexes by spectroscopy methods            Ban Khalil Ali

Fig. 5. Effect of volume at λmax for complexes                         Fig. 6. Effect of time  at λmax for complexes

                  Fig. 7. Effect of pH on complexes                                   Fig. 8. Effect of temperature on complexes
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3.6. Determination of complex stoichiometry 
 We solved the complex stoichiometry using a 
technique called Joppe’s continuous variation 
method. To make it happen, we created an 
assortment of solutions that all had the same molar 
concentration of metal and ligand. Next, we jotted 
down the absorbance at λmax. Afterward, we assessed 
the mole fraction of Vm/(Vm+VL) for the X-axis; 
Vm and VL are abbreviations for volumes of metal 
and ligand, respectively. Lastly, we plotted all the 
absorbance values on the Y-axis. We discovered 
that the M:L ratio for all complexes was an even 
1:1. To double-check our work, we put the molar 
ratios method to the test and still ended up with 
the same result. Visualizing this through plotting 
absorption values on the Y-axis and CL/CM on the 
other, where CL and CM designate concentration 
of metal and ligand solutions, respectively, showed 
a slight variance from a straight line at a strict 1 
value. This is best visualized in Figure 9, which 
covers both methods [39].

3.7.  Beer’s law
To estimate complex spectra, the Beer-Lambert 
law was studied on solutions of complexes with 
ligands. The  absorbance was recorded at λmax, and it 
represents the sensitivity  of the method through the 
calibration curve defined by the molar absorption 
coefficient. The calculation of various values, 
such as (ε max) , through the slope curve, which is 
represented by Equation 2.

Slope =∑ [(X-XA)(Y-YA)] / ∑(X-XA)2

r  =∑ [(X-XA)(Y-YA) / [(∑ (X-XA )
2)(∑ (Y-YA )

2)]1  /2

(Eq.2)

The following constants are: X = concentration 
values, XA = concentration rate, Y = absorption 
values, and YA = absorption rate . Also, the specific 
absorbance (a) is defined in terms of molar 
absorption as in the following Equation 3.

a = ε /(At.Wt×1000)                       (Eq.3)

Sandell sensitivity (S) for complexes represents 
the number of micrograms of the substance to 
be determined per millilitre of solution, with an 
absorption value of 0.001 in its display cell 1 cm, 
as it expresses  µg cm-2 (Eq. 4).

 S = 10-3⁄ a                                     (Eq.4)

Through an equation, standard deviation (S.D), 
the following constants are: X = average readings 
absorbance values, N = the number  of laboratory 
readings, X1 = the value of each laboratory reading,  
while the relative Standard deviation percentile 
(Equations 5 and 6). The data is shown in Table 3.           
     

 S.D = [(∑ (X1-X
-)2/(N-1)]1/2                             (Eq.5)

 D.L = 3×S.D of blank ⁄slope               (Eq.6)

Anal. Methods Environ. Chem. J. 8 (3) (2025) 31-46

Fig. 9. The Job’s method  (left) and the continuous variation method (Right) measure the formed product  complex at λmax
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3.8. Calculation stability constant (Kst)  of the 
metal complexes 
We were able to work out the stability constant (K) 
of metal ions with complexes by plugging their info 
into this equation (Eq.7). To do this, we measured 
the absorbance of their solutions at a specific 
wavelength and pH level,

                             (Eq.7)

Where  c  is the concentration of the complex 
solution given in mol L-1. 
The facts of our findings align perfectly with the 
Irving-Williams series [40] . It offers stability and 
insight into how secure the compound. There is a 
level of fragmentation, as noted in the math, that 
is supported by Table 4. Interestingly, we observed 
that the concentration of this complex solution 
influences its K value, reflecting its remarkable 
strength.

3.9. Molar electrical conductivity
The relationship between the amount of ions 
released by a complex in a solution and the degree 
of electrical conductivity is determined by the 
ionic formula, which can be identified through 

the measurement of electrical conductivity. This 
measurement is based on the quantity of solute in a 
1cm3 solution and is essential in understanding the 
complexity of compounds in solutions, as shown in 
Equation 8.

(Eq.8)

Cell constant (K cell) is equal to the complex 
conductivity (L complex) divided by the solution 
conductivity (A solution) and the solvent 
conductivity (A solvent). Specific conductance (K) 
is equal to the product of the molar concentration 
(C) and the molar conductivity (˄m).
Our laboratory is analyzing the molar conductivity 
of real-world complex solutions. We added azo dyes 
to test compounds with Cr(II), Co(II), and Ni(II) 
ions, dissolved in DMSO at 10-3 M concentration. To 
have something to compare our findings with, we 
also tested how distilled water reacted. After all was 
said and done, we determined that the complexes 
behaved like ionic compounds, with a 1:2 ratio 
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Table 3. Beer’s law data, as well as the sensitivity and precision of the complexes

Complexes λmax
(nm)

εmax
(ε× 104)

a
mL (g×cm)-1

S
(µg cm-2) R2 SD DL x10-5

(µg mL-1)

[Cr (L) (H2O)2 ‎]‎ Cl2 450 0.72 0.114 0.009 0.99 0.09 0.029

[Co‎ (L) (H2O)2‎]‎  Cl2‎ 439 0.25 0.023 0.042 0.99 0.93 0.282

[Ni (L)](NO3)2 476 0.58 0.026 0.038 0.99 0.13 0.071

Table 4. Stability constants of the prepared complexes

Complexes As Am α k Log k

[Cr (L) (H2O)2 ‎]‎ Cl2 0.542 0.532 0.0184 2.8×1011 46.08

[Co‎ (L) (H2O)2‎]‎  Cl2 0.536 0.522 0.0261 1.42×1011 15.22

[Ni (L)](NO3)2 0.558 0.534 0.8569 1.94×1011 28.78
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depending on the presence of chloride and nitrate 
ions outside the coordination sphere. If you introduce 
silver nitrate (AgNO3) to the mixture, you’ll start to 
see some white residue. That’s a clear indication that 
chloride particles are outside the sphere of influence, 
increasing in number in proportion to the presence 
of chlorides (Table 5) [41, 42]. 
    
3.10. Analysis of different concentrations of 
luminol by UV-Vis
 To calibrate the luminol-based method and check its 
linearity, luminol solutions at varying concentrations 
(1, 2, 5, 10, 15, and 20 mg L-1) were prepared and 
measured by absorbance at the characteristic λmax, 
identified in the spectra to occur between 300 and 
400 nm for luminol derivatives. The results are 
summarized in Table 6.  Luminol quantification 
via UV-Vis is highly sensitive and accurate, with 
good precision over a wide concentration range. 

The successful spike recovery experiments support 
the conduct of real sample analysis and robustness 
against possible matrix effects. This validates the 
luminol-based method for both analytical and 
complexation studies, as demonstrated by the 
spectra shown.

3.11.  Antibacterial activity 
According to Figure 10, the antibacterial activity 
results of the complex under study indicate that 
when dissolved in dimethylsulfoxide, its effect 
on Gram-positive bacteria (S. aureus) is greater 
than on the other two types. The highest inhibition 
zone (16) was observed at a concentration of 125 
µm. In comparison, the lowest (9) was recorded 
at a concentration of 25 µm, suggesting the high 
efficacy of S. aureus bacteria in lipid penetration 
and biofilm production [43].
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Table 5. Molar electrical conductivity of the prepared complexes

No Complexes ˄m (S cm2 mole -1) in DMSO Electrolyte Type

1 [Cr (L) (H2O)2‎]‎ Cl2 75 1:2

2 [Co‎ (L) (H2O)2‎]‎  Cl2‎ 78 1:2

3 [Ni (L)](NO3)2 77 ‎1:2‎

Table 6. Validation based on spike Luminol and analysis by UV-Vis

Sample Added (mgL-1) Absorbance (λmax) Found (mgL-1) Recovery (%) RSD  (%)

DW 2 0.31 2.04 101.2 2.1

DW 5 0.735 4.92 98.3 1.8

DW 10 1.48 9.85 98.0 2.3

DW 15 2.21 14.7 98.1 2

DW 20 2.95 19.6 98.2 1.7

Luminol ----- 0.34 2.21 ----- 1.9

2 0.605 4.16 97.5 2.4

Luminol ----- 0.33 2.19 ----- 2.1

3 0.728 5.11 97.3 1.8
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4. Conclusions
In this study, the new complexes of luminol, a 
chemiluminescent material, were analyzed for 
biological activity using spectroscopic methods. 
According to spectral analysis and the suggested 
structural formula, it can be concluded that the ligand 
coordinates primarily through the two mentioned 
nitrogen atoms with metal ions, confirming the existing 
chelation mode. The molar ratio method consistently 
demonstrated a one-to-one stoichiometric relationship 
between the ligand and metal ions in all the complexes. 
The complexes had maximum formation under 
alkaline conditions, clearly showing the significance 
of pH in the process of synthesis. Kinetic studies 
indicated that the complexes remained stable over 
time, which agrees very well with the calculated degree 
of dissociation and the very high stability constants, 
thus establishing the stability factor. Biological 
assays demonstrate that the ligand and its metal 
complexes exhibit significant antibacterial activity 
against Escherichia coli, Staphylococcus aureus, 
and Klebsiella pneumoniae, suggesting potential 
antimicrobial applications. The reproducibility of the 
findings was confirmed by relative standard deviations 
of less than 3% and recovery rates ranging from 97% 
to 102%, indicating the reliability and accuracy of the 
experimental procedures.
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