
rsc.li/methods

 Analytical
 Methods

ISSN 1759-9679

TECHNICAL NOTE
Kássio M. G. Lima et al. 
ATR-FTIR spectroscopy with chemometric algorithms of multi-
variate classifi cation in the discrimination between healthy vs. 
dengue vs. chikungunya vs. zika clinical samples

Volume 10
Number 10
14 March 2018
Pages 1091-1288

rsc.li/methods

 Analytical
 Methods

This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, 
before technical editing, formatting and proof reading. Using this free 
service, authors can make their results available to the community, in 
citable form, before we publish the edited article. We will replace this 
Accepted Manuscript with the edited and formatted Advance Article as 
soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes to the 
text and/or graphics, which may alter content. The journal’s standard 
Terms & Conditions and the Ethical guidelines still apply. In no event 
shall the Royal Society of Chemistry be held responsible for any errors 
or omissions in this Accepted Manuscript or any consequences arising 
from the use of any information it contains. 

Accepted Manuscript

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  M. H. Mahana, S.

R. Ahmed, P. Das, S. Srinivasan and A. R. Rajabzadeh, Anal. Methods, 2026, DOI: 10.1039/D5AY02106E.

http://rsc.li/methods
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/d5ay02106e
https://pubs.rsc.org/en/journals/journal/AY
http://crossmark.crossref.org/dialog/?doi=10.1039/D5AY02106E&domain=pdf&date_stamp=2026-02-09


Expanding Luminol Activity: UV-Enhanced Peroxidase-Like Activity for Dual-
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Abstract

              While luminol is typically employed for its chemiluminescence in basic media, this 

report uncovers a previously unrecognized function: a strong peroxidase-like activity in acidic 

environments, enabling a colorimetric sensing modality that complements its well-established 

chemiluminescence in basic conditions. By integrating these dual functionalities, luminol can 

serve as a broad-pH, dual-mode sensing reagent, laying the groundwork for microfluidic 

systems that provide colorimetric detection when the sample is acidic and chemiluminescent 

detection when the sample is basic. Specifically, the peroxidase-like activity of luminol was 

leveraged in this study to establish a colorimetric assay for the detection of H2O2 and 

dopamine. Under optimized conditions, the proposed detection method enabled reliable 

monitoring of H2O2 and dopamine with limit of detection (LOD) values of 0.0149 mM and 

0.52 µM, respectively. This study also reveals that UV activation substantially enhances 

luminol’s peroxidase-like activity, decreasing the detection time from 35 to 4.5 min and 

improving sensitivity by lowering the LOD from 0.0149 to 0.0085 mM. Kinetic studies using 

Michaelis-Menten and Lineweaver–Burk analyses demonstrated that luminol exhibits high 

peroxidase-like catalytic competency compared with other reported nanozymes. Moreover, 

the method was successfully applied for the determination of dopamine in a simulated blood 

sample, achieving a LOD value of 1.5089 µM, thereby demonstrating its excellent 

performance and suitability for dopamine analysis in complex biological environments. These 

findings highlight the use of luminol as an efficient, UV-enhanced peroxidase mimic with 
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strong potential as a rapid and sensitive platform for next-generation colorimetric biosensors 

in clinical applications.

Keywords: Luminol, peroxidase-like activity, dopamine, H2O2

1.Introduction

           Luminol is a chemical substance that exhibits a blue luminescence upon reaction with 

specific oxidizing agents[1]. It is one of the most widely employed chemiluminescent reagents 

in forensic science and biochemical assays due to its accessibility and cost-effectiveness[1]. 

Chemiluminescence is the emission of electromagnetic radiation resulting from a chemical 

reaction[2]. Luminol has been extensively applied in several analytical contexts, including 

trace metal analysis, immunoassays, free radicals’ detection, environmental monitoring, and 

forensic investigations[3-7]. It is widely used in forensic science because it helps identify the 

presence of blood at crime scenes[3]. The chemiluminescent signal arises when the basic 

solution of luminol is oxidized by an oxidizing agent such as hydrogen peroxide (H2O2) in the 

presence of catalyzing agents[8, 9]. In forensic applications, the luminol solution is typically 

combined with H2O2 and applied to surfaces suspected of blood contamination. The iron-rich 

protein hemoglobin in blood contains heme, which acts as the catalyzing agent for the 

chemiluminescent reaction, facilitating the oxidation of luminol and resulting in the emission 

of visible light if blood is present [8]. 

               Enzyme-like activity of various nanomaterials (nanozyme) has recently attracted 

significant research interest owing to being stable under harsh conditions, low toxicity, 

excellent catalytic activity, affordability, increased selectivity and ease of surface 

modification[10, 11]. Nanozymes are regarded as promising alternatives to natural enzymes, 

which are often less stable, more expensive to obtain, and challenging to store.[12]. 

Nanozymes have been widely employed in several applications such as biosensors, drug 

delivery, bioimaging, environmental analysis, and antibacterial therapies[13-19]. 

              In peroxidase reactions, hydroxyl radicals that generated from the decomposition of 

H2O2 initiate the oxidation of peroxidase substrates such as TMB to oxidized TMB and 

generate the blue color for colorimetric detection[12]. Most of the reported peroxidase 

reactions occur only in an acidic environment where H2O2 serves as an electron donor and 
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undergoes decomposition on the surface of the nanozyme, thereby enhancing the production 

of hydroxyl radicals[20]. On the other hand, the luminol-based chemiluminescent reaction 

occurs when luminol reacts with H2O2 in a basic medium in the presence of a suitable catalyst 

such as iron salt. The chemiluminescent mechanism begins with the deprotonation of luminol 

to form the dianion, which subsequently reacts with H₂O₂ in the presence of the catalyst to 

generate 3-aminophthalate in an electronically excited state, which then relaxes to the ground 

state, emitting chemiluminescent light at 425 nm[21]. Luminol is protonated in an acidic 

environment, which inhibits the chemiluminescent reaction, so the reaction occurs only in a 

basic environment. By exploring the peroxidase-like reaction of luminol in an acidic 

environment, the proposed platform can be considered as a tool to develop an integrated 

microfluidic device that can be used for the detection of H2O2 under both pH environments. 

The microfluidic device could be composed of two channels, one channel for the peroxidase 

reaction, which contains luminol and TMB, while the second channel for the 

chemiluminescent reaction, which contains luminol and a catalyst like iron salt (Figure 1). A 

single H2O2-containing sample can be split into the two reaction channels to provide either a 

colorimetric signal at 660 nm in the peroxidase channel if the sample is acidic or a 

chemiluminescent signal at 425 nm in the chemiluminescent channel if the sample is basic. 

Consequently, this integrated microfluidic system not only facilitates H₂O₂ detection under 

varying pH conditions but also provides information regarding the sample’s acidity or 

alkalinity.
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Figure 1: The integrated microfluidic device

               Dopamine is a chemical messenger that works in several parts of the human brain 

and gives sensations of happiness, satisfaction, and motivation. It also has an important effect 

in the regulation of sleep cycles, mood, attention, movement, and memory[22]. Dopamine 

dysregulation is a key feature of numerous neurological and psychiatric disorders. Reduced 

dopamine levels are associated with Parkinson’s disease, schizophrenia, and depression, 

whereas elevated dopamine levels have been linked to hallucinations, anxiety, and sleep 

disturbances[23, 24]. Therefore, accurate and continuous monitoring of dopamine 

concentrations is vital for the diagnosis and management of these neurological and psychiatric 

disorders. Traditional detection methods largely rely on biomolecules such as enzymes or 

antibodies, which pose challenges due to their high production costs and vulnerability to 

temperature fluctuations[25, 26]. Chemicals with enzyme-mimicking characteristics can be 

utilized to overcome many problems associated with biomolecules. H2O2 is another vital 
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biological substance that plays essential roles in oxidative biosynthetic processes, cellular 

signaling, metabolism, host defense and oxidative stress[27, 28]. Variations in H2O2 levels can 

reflect metabolic abnormalities associated with lung diseases, diabetes and other health 

issues[29]. The concentrations of H2O2 that exceed certain thresholds are regarded as 

hazardous to human health, particularly when inhaled or ingested[30], underscoring the 

importance of monitoring its concentration to ensure it remains within a safe physiological 

range.

              This study presents the peroxidase-like activity of luminol to develop a colorimetric 

assay for the detection of H2O2 and dopamine. Exposure of luminol to UV light (395 nm) 

significantly enhanced its peroxidase-like activity, leading to a marked reduction in detection 

time and improved analytical sensitivity, as evidenced by a lower limit of detection (LOD). 

The dopamine detection assay relied on dopamine’s ability to inhibit the peroxidase-like 

activity of luminol, enabling quantification based on the corresponding decrease in blue color. 

Moreover, the selectivity study was carried out and proved the high selectivity of the 

developed method toward dopamine detection in the presence of interfering analytes. 

Furthermore, the kinetic parameters of luminol were studied and demonstrated the high 

competency of peroxidase-like enzyme activity of luminol, compared with some reported 

nanozymes. 

2. Experimental Details

2.1 Reagents and materials

              Luminol powder, sodium acetate buffer (pH 5.2±0.1), 3,3’,5,5’-Tetramethylbenzidine 

(TMB) (≥99%), terephthalic acid (98%), glucose (≥99.5%), dimethylsulfoxide (DMSO) 

(≥99.9%), L-glutamine (99-101%), sodium carbonate, ascorbic acid (≥99%), uric acid 

(≥99%), dopamine hydrochloride, 30% w/w hydrogen peroxide (H2O2), sucrose (≥99.5%), 

and potassium hexacyanoferrate were obtained from Sigma-Aldrich (MO, USA). Fructose 

was bought from VWR chemicals (Ohio, USA). Simulated blood sample was purchased from 

Biochemazone (Alberta, Canada)
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2.2 Instrumentation

               The UV-visible and luminescence measurements were recorded using Synergy H1 

BioTec microplate reader. The Fourier transform infrared (FTIR) spectrum was recorded 

using VERTEX 70v FTIR spectrometer. Analytical balance (VWR, USA), vortex mixer 

(Mandel, Taiwan) and ultrasonic cleaner (Limplus, China) were used.  

2.3 Peroxidase-like activity of luminol

               A colorimetric detection technique using a UV-visible spectrophotometer was used 

to evaluate the peroxidase like activity of luminol. In a 96-well microplate, 20 μL of TMB 

solution, with the concentration of 10 mM, was mixed with 100 μL of H2O2 solution (10 

mM). Then, 200 μL of luminol solution (1 mg/ml) was added, and the mixture was left to 

react for 35 min at room temperature. After the specified time, the absorption spectrum of the 

reaction product was recorded, and the blue color was formed.              

2.4 H2O2 detection

2.4.1 Preparation of H2O2 standard and working solutions

               A standard solution of H2O2, with a concentration of 20 mM, was prepared by 

transferring 52 µL of (30 % w/w) H2O2 stock solution into a Falcon tube, and the volume was 

adjusted to 25 ml using sodium acetate buffer. \Subsequently, another standard H2O2 solution, 

with a concentration of 10 mM was prepared by transferring 5 ml of the above standard 

solution into another Falcon tube, and the volume was adjusted to 10 ml using sodium acetate 

buffer. The standard solutions were kept in the refrigerator for further use.

               Different volumes from the two standard solutions were transferred into series of 

microtubes and the volume was adjusted to 1 ml in each microtube with sodium acetate buffer 

to obtain H2O2 working solutions with a concentration range of 0-14 mM.

2.4.2 Construction of H2O2 calibration curve

                        H2O2 was determined via colorimetric detection measurements through the 

peroxidase-like activity of luminol. In a 96-well microplate, aliquots of 20 μL of TMB 

solution (16 mM) were mixed with aliquots of 100 µL of different H2O2 concentrations (0-14 
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mM), followed by the addition of aliquots of 200 µL of luminol solution (1mg/ml). The 

mixtures were allowed to react for 35 minutes at room temperature. After the specified time, 

the absorbance value of each concentration was measured at 660 nm. The control experiment 

was carried out concurrently. To get the calibration curve, the absorbance values at 660 nm 

were plotted versus the corresponding H2O2 concentrations.

2.4.3 UV-assisted peroxidase like activity of luminol

                        A second method for H2O2 detection was performed using the peroxidase-like 

activity of luminol with the assistance of UV light. In a 96-well microplate, aliquots of 20 μL 

of TMB solution (10 mM) were mixed with aliquots of 100 µL of different H2O2 

concentrations (0-14 mM), followed by the addition of aliquots of 200 µL of luminol solution 

(1mg/ml). The reaction mixtures were then exposed to a UV lamp (395 nm) for 4.5 minutes at 

room temperature. After the specified time, the absorbance value of each concentration was 

measured at 660 nm and the absorbance values were plotted versus the corresponding H2O2 

concentrations.

2.5 Dopamine Detection

               The detection method of dopamine is based on the suppression of the blue color of 

the peroxidase-like activity of luminol. In 96 well microplate, aliquots of 100 μL of H2O2 

solution (16 mM) were mixed with aliquots of 20 μL of TMB solution (18 mM), followed by 

the addition of aliquots of 120 µL of luminol solution (1.5 mg/ml) and 100 µL of different 

dopamine aqueous solutions (5−1000 μM). The mixtures were allowed to react for 35 minutes 

at room temperature. After the specified time, the absorbance value of each concentration was 

measured at 660 nm. The control experiment was conducted simultaneously. To get the 

calibration curve, the absorbance ratios (A0/A) at 660 nm were plotted versus the 

corresponding dopamine concentrations. A0 represents the absorbance measured at 660 nm 

when dopamine was absent (control experiment) and A denotes the absorbance measured at 

660 nm in the presence of dopamine concentrations (5−1000 μM), and the regression data was 

obtained. To detect dopamine in blood, simulated blood samples were spiked with dopamine 

to get dopamine solutions with the concentrations of (5−1000 μM) and the peroxidase reaction 

of luminol was carried out as mentioned above. The calibration curve was obtained by 
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plotting the absorbance ratios (A0/A) at 660 nm versus the corresponding dopamine 

concentrations.

2.6 Selectivity Test

               To assess the selectivity of the proposed colorimetric assay for dopamine detection, 

various potentially interfering substances were examined including uric acid, ascorbic acid, 

fructose, glutamine, sucrose, glucose, epinephrine, and serotonin. Stock aqueous solutions of 

each interfering substances were prepared with the concentration of 1 mg/ml. Then, different 

aliquots of each interfering substance solution were taken and diluted with deionized water to 

get interfering substance solutions with the concentrations of 1 mM. In 96 well plate, aliquots 

of 100 μL of H2O2 solution (16 mM) were mixed with aliquots of 20 μL of TMB solution (18 

mM), followed by addition of aliquots of 120 µL of luminol solution (1.5 mg/ml) and 100 µL 

of each interfering substance solution (1mM). The mixtures were allowed to react for 35 

minutes at room temperature. Subsequently, the absorbance value of each well was measured 

at 660 nm. The control experiment and dopamine determination were conducted concurrently. 

2.7 Terephthalic acid (TA) Test

               The terephthalic acid (TA) test was performed to prove the generation of hydroxyl 

radicals. First, 50 µL of TA solution (2 mM) was mixed with 150 µL of luminol solution (1 

mg/ml) and was left for 10 minutes. After that, 150 µL of H2O2 solution (10 mM) was added 

to the mixture and was allowed to react at room temperature for 30 minutes. Then, a 

spectrofluorometer was used to record the fluorescence emission spectrum of the reaction 

product.

2.8 Kinetic studies of peroxidase-like activity of luminol

               The kinetic parameters of peroxidase-like activity of luminol were evaluated by 

measuring the absorbance at 660 nm using varying TMB and H2O2 concentrations. Using 

TMB as substrate, the absorbance values were measured at 660 nm using different TMB 

concentrations (0-20 mM) and keeping H2O2 concentration constant at 10 mM. For H2O2 as 

substrate, the absorbance values were measured at 660 nm using H2O2 concentration range of 

0-20 mM, while TMB concentration was kept constant at 10 mM.
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3. Results and Discussions 

3.1 Characterization of luminol

               The UV-visible absorption spectrum of luminol is presented in Figure 2a, which 

revealed three characteristic absorbance peaks of luminol located at 221 nm, 300 nm and 347 

nm. The two peaks at 221 nm and 300 nm  correspond to π-π*electronic transitions, and the 

third one at 347 nm is due to n-π* electronic transitions [31, 32]. The chemiluminescence 

spectrum of luminol was also recorded by mixing the basic solution of luminol with H2O2 in 

the presence of potassium hexacyanoferrate (iron salt) as a catalyst. Figure 2b showed the 

characteristic emission peak of luminol at 425 nm[1]. The FTIR spectrum of luminol was 

recorded and showed the characteristic peaks of N−H stretching vibration at 3410 cm−1 and 

C=O stretching vibration at 1657 cm−1.The two peaks at 1495 cm−1 and 1316 cm−1 correspond 

to the vibrations raised from C=C and C−N, respectively[33] (Figure 2c).

Page 9 of 29 Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

9 
Fe

br
ua

ry
 2

02
6.

 D
ow

nl
oa

de
d 

on
 2

/2
5/

20
26

 8
:4

5:
16

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D5AY02106E

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ay02106e


Figure 2: (a) UV-visible spectrum of luminol, (b) Chemiluminescence spectrum of luminol (it 

was recorded by mixing the basic solution of luminol with H2O2 in the presence of potassium 

hexacyanoferrate as a catalyst, (c) FTIR of luminol, (d) Peroxidase like activity of luminol (it 

was evaluated by recording the absorption spectra of the reaction products of different 

combinations of H2O2 (10 mM), TMB (10 mM) and luminol (1 mg/ml) after 35 min at room 

temperature) 

a b

c d
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3.2 Peroxidase-like activity of luminol

            The colorimetric detection technique is one of the most popular detection methods 

because of its many advantages, which include its sensitivity, affordability, wide availability, 

and ease of use[34]. Free radicals start the oxidation reaction of peroxidase substrates that 

leads to the formation of colored products with signals for colorimetric detection of target 

analytes. For example, in the reaction between H₂O₂ and TMB, the hydroxyl free radicals are 

generated from the decomposition of H₂O₂, which causes the oxidation of TMB, changing it 

into oxidized TMB and generating the blue color[35].

              To investigate the peroxidase mimic activity of luminol, the UV-vis spectra of 

several H₂O₂, TMB, and luminol combinations were collected. As demonstrated in Figure 

2d, only the solution that contained H₂O₂, TMB and luminol showed a deep blue color with a 

high absorbance peak at 660 nm (λmax of oxidized TMB), while other combinations did not 

change. These results confirmed that TMB was oxidized in the presence of luminol and H₂O₂ 

due to the peroxidase-like activity of luminol.

3.3 Detection of H2O2 

3.3.1 Optimization of H2O2 detection parameters

               Different factors affecting the detection of H2O2 were investigated and optimized to 

get the best peroxidase-like activity of luminol. The aim was to enhance the sensitivity of the 

suggested method by improving the product yield. 

3.3.1.1 Optimization of luminol concentration.

              The effect of luminol concentration was studied by determining the concentration of 

luminol that produced the highest absorbance at 660 nm with the deepest blue color. Several 

luminol concentrations were evaluated (0.125-2 mg/ml), and the blank experiment was carried 

out concurrently. The peroxidase-like activity test was performed for each luminol 

concentration as mentioned before (section 2.3). The absorbance value at 660 nm was 

recorded for each luminol concentration, while the concentrations of TMB and H2O2 were 

kept fixed at 10 mM. The results demonstrated that the optimum concentration of luminol was 

1 mg/ml (Figure S1).
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3.3.1.2 Optimization of TMB concentration.

             Different TMB concentrations were prepared (2-20 mM), and the peroxidase-like 

activity test was carried out for each TMB concentration as mentioned before. The blank 

experiment was conducted concurrently. The absorbance value at 660 nm was recorded for 

each TMB concentration, while the concentrations of luminol and H2O2 were maintained fixed 

at 1 mg/ml and 10 mM, respectively. The absorbance value was increased by increasing the 

concentration of TMB, before plateauing at a TMB concentration of 16 mM (Figure S2). So, 

16 mM of TMB was used for further experiments.  

3.3.1.3 Buffer optimization

               Two buffers were investigated with different pH values, phosphate buffer saline 

(PBS) (pH 7.4) and sodium acetate buffer (SAB) (PH 5.2). The concentrations of luminol, 

TMB and H2O2 were maintained fixed at 1 mg/ml, 16 mM and 10 mM, respectively. The 

results demonstrated that the more acidic environment of SAB resulted in a higher absorbance 

value at 660 nm with deeper blue color than PBS (Figure S3).

3.3.1.4 Optimization of reaction time

              The effect of reaction time was also optimized by measuring the absorbance values at 

660 nm every 5 minutes. As shown in Figure S4, the deepest blue color with the highest 

absorbance value at 660 nm was recorded after 35 minutes before reaching a plateau. 

Therefore, the optimum reaction time was 35 minutes.

3.3.2 Determination of H2O2

               The mean absorbance values at 660 nm were plotted versus the corresponding H2O2 

concentrations to get the calibration curve. As shown in Figure 3, the linearity of the 

proposed method was found to be over H2O2 concentrations of 0.1-14 mM. The suggested 

method's good linearity was indicated by the high coefficient of determination value of the 

calibration curve (r2=0.9969) (Table S1). The following equation was used to calculate the 

detection limit (LOD)                                               

                                                              LOD = 3.3* σ/S ………(1)
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Where S is the slope of calibration curve, and σ refers to the standard deviation of the 

absorbance values for three blank measurements. The low LOD value (0.0149 mM) proved 

the high sensitivity of the developed method, compared with some reported peroxidase based 

H2O2 detection methods. (Table 1).

               The second method for H2O2 detection was carried out with the assistance of UV 

light to enhance the peroxidase-like activity of luminol (Figure 4). The detection time 

decreased from 35 min in the conventional method to 4.5 min in the UV-assisted method. The 

proposed method was found to be linear over the concentration range of 0.1-14 mM (Figure 

3), with a coefficient of determination value (R2=0.9984), indicating the excellent linearity of 

the proposed method. LOD was calculated using equation 1 and it was found to be 0.0085 

mM. The calculated LOD for the UV-assisted method was 1.7-fold lower than the 

conventional method. So, by employing UV light for the reaction, the peroxidase-like activity 

of luminol was enhanced, and the detection time was extensively decreased. Also, the LOD of 

the proposed method was decreased, which enables the detection of lower concentrations of 

H2O2 and enhances the sensitivity of the proposed method. The enhancement of peroxidase-

like activity of luminol may be due to the effect of UV light on H2O2. UV light facilitates the 

decomposition of H2O2 according to the following reaction[36]: 

H2O2 + hv → 2OH•

In H2O2, the relative strength of the O–O bond is of vital importance from a mechanistic 

perspective. The O–O bond of H2O2 is the weakest bond, it has a bond dissociation energy of 

about 45 kcal/mol[37]. When H2O2  is irradiated with UV light, the energy of UV photons is 

sufficient to overcome the bond dissociation energy of O–O bond resulting in homolytic 

cleavage of O−O bond[38], generating hydroxyl radicals that initiate the peroxidase reaction 

and cause oxidation of TMB. 
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Figure 3: Calibration curves of H2O2 using the proposed method (Different H2O2 

concentrations were mixed with TMB (16 mM) and luminol (1 mg/ml) and the absorbance 

values were measured at 660 nm after 35 min) (a) (0.1-1 mM), (b) (2-14 mM) and calibration 

curves of H2O2 using the UV-assisted method (Different H2O2 concentrations were mixed 

with TMB (16 mM) and luminol (1 mg/ml), the reaction mixtures were then exposed to UV 

lamp (395 nm) for 4.5 min and the absorbance values were measured at 660 nm (c) (0.1-1 

mM), (d) (2-14 mM)

a b

c d
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Table 1: Comparison of LOD of the suggested method with some reported peroxidase based 
H2O2 detection methods.

Material LOD 
(mM)

Method Linearity range (mM) Ref

Au–Ag–Pt NPs 0.054 Colorimetry 0.05−1 [39]
Ni-MOF nanosheet 0.04 Fluorescence 0.1−20 [40]
Au@PNIPAm 2.43 Colorimetry 3−15 [41]
VO2 nanosheets 0.266 Colorimetry 0.488–62.5 [42]
Pd-Pt-Ir 3.6 Colorimetry 3.9−62.5 [43]
Luminol 0.0149 Colorimetry 0.1−14 This work
UV-assisted luminol 0.0085 Colorimetry 0.1−14 This work

Figure 4: Schematic presentation of the proposed sensing method
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3.4 Dopamine Detection

              The proposed method was used for colorimetric determination of dopamine. The 

detection method of dopamine was based on the decrease in the intensity of the blue color of 

oxidized TMB and the corresponding reduction in absorbance values at 660 nm. An increase 

in dopamine concentration was observed to correspond with a decrease in absorbance at 660 

nm. This is because dopamine captures hydroxyl radicals, resulting in a decreased availability 

of the radicals for the oxidation of TMB[12, 35].

3.4.1 Optimization of dopamine detection Parameters

3.4.1.1 Optimization of luminol concentration.

              The concentration of luminol effect was investigated by determining the 

concentration of luminol that gave the maximum difference in absorbance at 660 nm between 

the presence and absence of dopamine. Different luminol concentrations were studied (0.25-2 

mg/ml), and the peroxidase-like activity test was performed for each luminol concentration as 

mentioned before. The absorbance value at 660 nm was recorded for each luminol 

concentration in the absence and presence of dopamine, while the concentrations of TMB, 

H2O2 and dopamine were kept fixed at 16 mM, 16 mM, and 400 μM, respectively. The results 

revealed that a luminol concentration of 1.5 mg/mL was optimal, as it produced the maximum 

difference in absorbance at 660 nm between the presence and absence of dopamine. (Figure 

S5).

3.4.1.2 Optimization of TMB concentration.

             Various concentrations of TMB ranging from 2 to 20 mM were prepared, and the 

peroxidase-mimicking activity test was performed for each TMB concentration, as previously 

described. The absorbance value at 660 nm was recorded for each TMB concentration in the 

presence and absence of dopamine, while the concentrations of luminol, H2O2 and dopamine 

were maintained fixed at 1.5 mg/ml, 16 mM and 400 μM, respectively. TMB concentrations 

of 18 mM and 20 mM produced the maximum difference in absorbance values in the 

existence and absence of dopamine, as demonstrated in Figure S6. So, TMB concentration of 

18 mM was selected as the optimum concentration.

Page 16 of 29Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

9 
Fe

br
ua

ry
 2

02
6.

 D
ow

nl
oa

de
d 

on
 2

/2
5/

20
26

 8
:4

5:
16

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D5AY02106E

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ay02106e


3.4.1.3 Optimization of H2O2 concentration.

             Different H2O2 concentrations were prepared (2-20 mM), and the peroxidase-like 

activity test was carried out for each H2O2 concentration as mentioned before. The absorbance 

at 660 nm was measured for each H₂O₂ concentration in the presence and absence of 

dopamine, while the concentrations of luminol, TMB, and dopamine were kept constant at 1.5 

mg/mL, 18 mM, and 400 μM, respectively. The increase in H2O2 concentration led to an 

increase in the absorbance difference at 660 nm between the samples with and without 

dopamine, reaching a plateau at a concentration of 16 mM (Figure S7). Therefore, 16 mM 

H2O2 was selected as the optimal concentration for further experiments.

3.4.2 Determination of dopamine

             The absorbance ratios (A0/A) at 660 nm were plotted versus the corresponding 

dopamine concentrations to get the calibration curve. A0 represents the absorbance measured 

at 660 nm when dopamine was absent (control experiment), and A denotes the absorbance 

measured at 660 nm in the presence of dopamine. As shown in Figure 5, the linearity of the 

proposed method was found to be over dopamine concentrations of 5-1000 μM. The 

suggested method's good linearity was indicated by the high coefficient of determination 

value of the calibration curve (R2=0.9992) (Table S2). Equation 1 was used to calculate LOD. 

The low LOD value (0.52 mM) confirmed the high sensitivity of the proposed method. A 

comparative study of the LOD achieved in this method with some reported dopamine 

detection techniques is presented in Table 2, highlighting the superior performance and 

effectiveness of the developed method. Although the current method demonstrates an 

improved limit of detection compared to previously reported studies, and considering that 

normal dopamine levels may be lower than the current LOD, this approach could be suitable 

for detecting elevated dopamine levels associated with conditions such as hallucinations, 

anxiety, or sleep disturbances.    

3.4.3 Determination of dopamine in simulated blood matrix

             To evaluate the practical applicability of the developed colorimetric method, its 

performance was tested in a simulated blood matrix, representing a complex biological 

environment where accurate dopamine detection is critical. This evaluation aimed to test the 
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method’s sensitivity, selectivity, and robustness for accurate dopamine detection under 

conditions mimicking real biological samples. The method demonstrated successful detection 

of dopamine within the concentration range of 5-1000 μM (Figure 5). The coefficient of 

determination (R2) and LOD were found to be 0.9977 and 1.5089 µM, respectively, 

confirming the method’s excellent linearity and reliability for dopamine determination in 

complex biological environments such as blood. (Table S3).

Table 2: Comparison of LOD of the suggested method with some reported peroxidase-based 
dopamine detection methods.

Nanomaterial LOD 
(µM)

Method Linearity range 
(µM)

Ref

AuNPs 2.5 Colorimetry 2.5−20 [44]
Cu-HMT 4.2 Colorimetry 500−3500 [45]
MWCNT-FeNAZ-CH 1.05 Electrochemical 7.35–833 [46]
CQD-AuNP 0.75 Colorimetry 20−80 [47]
GDY QDs 8.65 Colorimetry 20−100 [48]
SiQDs 0.5521 Colorimetry 10-1000 [12]
Luminol 0.52 Colorimetry 5−1000 This work
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Figure 5: Calibration curves of dopamine (Different dopamine concentrations were mixed 

with H2O2 (16 mM), TMB (18 mM) and luminol (1.5 mg/ml) and the absorbance values were 

a b

c d
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measured at 660 nm in the presence and absence of dopamine ) (a) 5−100 µM, (b) 200−1000 

µM and calibration curves of dopamine in simulated blood sample ( simulated blood samples 

were spiked with dopamine and the calibration curves were obtained using the same 

concentrations of H2O2, TMB and luminol ) (c) 5−100 µM, (d) 200−1000 µM.

3.5 Selectivity Test

                The selectivity assessment of the developed method was carried out to evaluate the 

ability of the method to detect dopamine in the presence of possible interfering substances. As 

demonstrated in Figure 6a, a significant reduction in the intensity of the blue coloration and a 

marked decrease in absorbance at 660 nm were observed only in the presence of dopamine, 

while other interfering substances had negligible effects. These results confirm that the 

method is highly selective for dopamine, demonstrating minimal interference from other 

coexisting compounds and highlighting its suitability for accurate detection in complex 

matrices.

3.6 Terephthalic acid (TA) Test:

                To verify the formation of hydroxyl radicals, a TA test was performed. It is 

commonly known that hydroxyl radicals cause TA to oxidize, producing the fluorescent 

product 2-hydroxyterephthalic acid, as shown in Figure 6b. The solution containing H2O2, 

TA and luminol showed a strong emission fluorescence at 430 nm compared to the solution 

without H2O2 (Figure 6c), confirming the formation of hydroxyl radicals in the reaction 

medium. 
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Figure 6: (a) Selectivity test (1mM of interfering substances were mixed with H2O2 (16 mM), 

TMB (18 mM) and luminol (1.5 mg/ml) and the absorbance values were measured at 660 nm) 

(b) Reaction of TA with hydroxyl radicals, and (c) Fluorescence emission spectrum of the 

a

b c
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reaction product (TA solution (2 mM) was mixed with luminol solution (1 mg/ml) and was 

left for 10 minutes. After that, H2O2 solution (10 mM) was added to the mixture and was 

allowed to react at room temperature for 30 minutes. Then, a spectrofluorometer was used to 

record the fluorescence emission spectrum of the reaction product).

3.7 Kinetic studies of peroxidase-like activity of luminol

                  The kinetic studies of peroxidase-like activity of luminol were performed using 

Michaelis Menten and Lineweaver-Burk curves (Figure 7). The concentration of the substrate 

at which the enzyme reaches half of its maximal velocity (Vmax) is known as the Michaelis-

Menten constant (Km). The greater the affinity between the substrate and the enzyme, the 

lower the Km value[49]. The Km values were found to be 18.4 mM and 1.7 mM for TMB and 

H2O2, respectively. The kinetic parameters (Km and Vmax) were compared with some reported 

nanozymes, as demonstrated in Tables 3 and 4, showing the high competency of peroxidase-

like activity of luminol.

Table 3: Comparison of Km and Vmax values for the current study with previously reported data 
using TMB as the substrate.

Nanomaterial Km (mM) Vmax (mM/s) Ref.

CoOOH 2 4.74×10-5 [50]
Nanoceria 3.8 7×10-4 [51]
CuZnFeS 2.2 3.9×10-4 [52]
WS2/rGO 22.4 9.6×10-6 [53]
MoS2-Pt74Ag26 25.7 7.29×10-5 [54]
N-GQDs 11.9 3.8×10-6 [55]
CQD-AuNP 5 5×10-7 [47]
Luminol 18.4 2.6×10-5 This work

Table 4: Comparison of Km and Vmax values for the current study with previously reported data 
using H2O2 as the substrate.

Nanomaterial Km (mM) Vmax (mM/s) Ref.

Cu2(OH)3Cl-CeO2 11.6 8.15×10-5 [56]
Brominated Graphene (GBR) 10.9 3.6×10-7 [57]
AuNP 33 6.1×10-5 [58]
Gold ferritin 199.4 9.34×10-5 [59]
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Fe3O4-COOH 65.3 14.02 [60]
PBMNPs3 323.6 1.17×10-3 [61]
FesO4@Pt 702.6 7.13×10-4 [62]
FesO4 1175.3 2.40×10-4 [62]
V2O5 NPs 26.47 - [63]
Luminol 1.7 1.1×10-5 This work

Fig 7: Kinetic profiles used to calculate Km and Vmax. Michaelis-Menten curves for H2O2 (a) 

and TMB (b). Lineweaver-Burk curves for H2O2 (c) and TMB (d) (Using TMB as substrate, 

c d

a b
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the absorbance values were measured at 660 nm using different TMB concentrations (0-20 

mM) and keeping H2O2 concentration constant at 10 mM. For H2O2 as substrate, the 

absorbance values were measured at 660 nm using H2O2 concentration range of 0-20 mM, 

while TMB concentration was kept constant at 10 mM).  

4. Conclusion

This study demonstrates a strong peroxidase-like activity of luminol in acidic environments, 

enabling colorimetric detection that complements its chemiluminescence in basic media. This 

dual functionality, combined with UV enhancement, establishes luminol as a promising agent 

for the development of versatile broad-pH biosensing platforms. The assay relied on hydroxyl 

radicals from H₂O₂ decomposition to oxidize TMB to its oxidized form, producing the 

characteristic blue color in the presence of luminol, which allowed the colorimetric detection 

of H2O2 and dopamine. The kinetic parameters were investigated and compared with some 

reported peroxidase-based detection methods, proving the high competency of the peroxidase-

like activity of luminol. The method was applied for H2O2 and dopamine detection with LOD 

of 0.0149 mM and 0.52 µM, respectively, confirming the high sensitivity of the developed 

method. UV illumination significantly enhanced luminol’s peroxidase-like activity, reducing 

the detection time from 35 minutes to 4.5 minutes and lowering the LOD to 0.0085 mM. 

Moreover, the method was successfully employed to detect dopamine in a simulated blood 

matrix with no interference from the sample matrix. Overall, the current work provides a 

platform for developing more luminol-based detection systems in future studies.
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