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luminol and silver nanoparticles 

 

Behzad Haghighi ∗, Somayyeh Bozorgzadeh 
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45195-1159 

 

ABSTRACT 

The effect of silver colloidal nanoparticles (AgNPs) on the luminol-isoniazid system 

was investigated. It was found that AgNPs could act as a nanocatalyst on the luminol-

isoniazid system to generate chemiluminescence (CL). The CL emission spectrum of the 

luminol-isoniazid-AgNPs system showed a peak with a maximum at 425 nm. It was 

suggested that the luminophor species was the excited state 3-aminophthalate. The 

reduction of dissolved O2 to H2O2 by isoniazid and decomposition of H2O2 to the 

oxygen-related radicals were attributed to the catalytic effect of AgNPs. Under 

optimized conditions, the CL signal intensity was linear with the isoniazid concentration 

in the range of 10-1000 ng mL-1, with the correlation coefficient of 0.9996. The limit of 

detection was 2.7 ng mL-1 isoniazid. The relative standard deviations for seven repeated 

measurements of 60 and 200 ng mL-1 isoniazid were 1.4 and 2.4%, respectively. The 

effect of potent interfering compounds on the CL signal intensity of the proposed 

luminol-isoniazid-AgNPs system was investigated. The proposed method was 

successfully applied to the determination of isoniazid in a pharmaceutical sample.  

 

Keywords: Chemiluminescence; Isoniazid; Silver nanoparticle; Luminol; Flow injection 

analysis. 
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1. Introduction 

Isoniazid (pyridine-4-carboxylic acid hydrazide or isonicotinic acid hydrazide 

(INH)) is an important bacteriostatic drug in the treatment of tuberculosis caused by 

mycobacteria. Currently, there are 8 million new patients per year receiving treatment 

with isoniazid, which is the safest and most cost-effective treatment for tuberculosis. 

Owing to its therapeutic importance and widespread use, considerable attention has been 

paid to develop sensitive and rapid analytical techniques for the determination of 

isoniazid either in pure form, in pharmaceutical preparations or in biological fluids. 

Among the various analytical methods which have been reported for the analysis of 

isoniazid, those methods based on titrimetry [1], spectrophotometry [2-6], 

electrochemistry [7-13], spectrofluorometry [14-16], high performance liquid 

chromatography [14, 17-19], capillary electrophoresis [20], electrochemiluminescence 

(ECL) [21] and chemiluminescence (CL) [22-25] are the most cited.  

Chemiluminescence is an attractive detection means for trace analysis due to some 

features that make it superior to the other detection principles especially to those 

involving light (mainly absorption spectroscopy and fluorometry). The most common 

cited advantages of CL reactions are: sufficiently low limit of detection, excellent 

sensitivity, wide dynamic range, simple instrumentation and suitable for automation. 

Common strategies which have been used for the CL detection of isoniazid are either 

based on direct oxidation of isoniazid by various oxidants such as N-bromosuccinimide 

(NBS) [26], K3Fe(CN)6 [27] and KIO4 [28] or based on inhibition or enhancement effect 

of isoniazid on other CL systems such as inhibition effect on the luminol-H2O2-

K3Fe(CN)6 system [29], or enhancement effect on the luminol-NBS (or N-

chlorosuccinimide (NCS)) [30], lucigenin-periodate [24] and Ru(phen)3
2+-Ce(IV) 

systems [23]. 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

 3

In recent years, many attentions have been paid to use metal nanoparticles (NPs) as 

nanocatalysts in CL reactions [31-43], because of their unique physical and chemical 

properties and great analytical potential. Cui et al. found that the gold [37], platinum 

[35] and silver [39] NPs could catalyze and enhance luminol-H2O2 CL reaction. They 

also found AgNPs exhibited a better CL catalytic ability than gold and platinum NPs. 

Silver can be oxidized by H2O2, producing hydroxyl radicals, more easier than gold, 

since its oxidation potential is lower than that of gold [44].  

In this work, the effect of AgNPs on the luminol-isoniazid system was investigated. 

It was found that AgNPs could act as a nanocatalyst on the luminol-isoniazid system to 

generate CL. Based on the catalytic effect of AgNPs a new, rapid, simple, sensitive and 

inexpensive method was proposed for the determination of isoniazid without using any 

oxidant. The effect of reaction conditions on the CL signal intensity was explored in the 

flow injection (FI) mode of analysis. Under the optimized conditions, the proposed FI-

CL system was applied for the determination of isoniazid in a pharmaceutical sample. 

Also, a possible reaction mechanism for the proposed luminol-isoniazid-AgNPs CL 

system was discussed briefly. 

 

2. Experimental 

2.1. Materials 

Analytical reagent-grade chemicals were used without further purification. 

Isoniazid, trisodium citrate dehydrate, calcium sulfate and magnesium sulfate were 

obtained from Fluka (Buchs, Switzerland). Sodium hydroxide, ascorbic acid, luminol, 

riboflavin, glutamic acid, sodium borohydride, silver nitrate, starch soluble, citric acid 

were obtained from Merck (Schuchardt, Germany). Thiamine hydrochloride was 

purchased from Sigma-Aldrich (Steinheim, Germany). 
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A 1.0×10−2 M stock solution of luminol (3-aminophthalhydrazide) was prepared by 

dissolving luminol in 0.1 M NaOH. Working solutions of luminol were prepared by 

diluting the stock solution with appropriate amounts of NaOH solution. Stock solution 

of isoniazid (1000 µg mL-1) was prepared by dissolving appropriate amount of isoniazid 

in water and stored at 4 °C in the refrigerator. Working standard solutions of isoniazid 

were freshly prepared from the stock solution. Triply distilled water was used for 

preparing all other solutions and diluting them. 

Colloidal solution of AgNPs was prepared according to the method reported 

previously [39] without modification. In brief, 25 mL aqueous AgNO3 solution (1×10−3 

M) was added dropwise to 75 mL freshly prepared aqueous NaBH4 solution (2×10−3 M) 

with vigorous stirring. After 10 minutes, 5 mL aqueous sodium citrate solution (1% 

w/w) was added to the resultant solution to stabilize the AgNPs. Yellow colloidal 

solution of AgNPs was stirred for another 20 min and aged for 2 days at 4 °C before 

use.  

 

2.2. Apparatus 

Figure 1 shows the schematic diagram of the flow injection chemiluminescence 

(FI-CL) system used for the determination of isoniazid. A Watson Marlow 505Du 

peristaltic pump propelled carrier stream of water, reagent and isoniazid solutions using 

silicon manifold tubing (0.76 mm i.d.). The flow lines were made from Supelco Teflon 

tubing (0.5 mm i.d.). The colloidal solution of AgNPs was injected via a Rheodyne six-

way Teflon rotary valve type 50 into the water stream. The CL signal intensity was 

measured using a Varian Cary Eclipse fluorescence spectrophotometer equipped with a 

home-made CL flow-through cell [45]. The body of the CL flow cell was made from a 

block of Plexi-glass. Grooves were machined on the surface of the cell body to make 

inlet and outlet channels on the surface. A piece of transparent glass window was 
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mounted on the surface of the cell body and then was tightened by a holder. The outlet 

channel, where the chemiluminescence reaction occurred and the emitted light passed 

through the transparent glass window, was a groove with a depth, width and length of 1, 

1 and 200 mm, respectively. The CL signal intensity was collected at 0.1 s intervals 

using Cary Eclipse Bio software. The absorption spectrum was recorded using a single 

beam Pharmacia UV/Vis spectrophotometer (Ultrospec, model 4000). Scanning electron 

microscopy (SEM) was performed with a Philips instruments, Model X-30. All 

measurements were performed at the room temperature. 

 

2.3. General procedure 

The carrier streams of water, isoniazid (500 ng mL-1) and luminol (0.3 mM in 

0.083 M NaOH) were propelled into the flow lines with the flow rate of 0.55 mL min-1, 

as shown in Fig. 1. A colloidal solution of AgNPs (220 μL of as prepared colloidal 

solution) was injected at I into the water stream. The carrier stream of water containing 

AgNPs zone merged with the stream of analyte (isoniazid) at the three-way connector T 

and mixed through the mixing coil C (0.5 mm i.d and 20 cm). The resultant mixture then 

mixed and reacted with the reagent stream of luminol in the home-made CL flow-

through cell, which had positioned in front of the detector window of a Varian Cary 

Eclipse fluorescence spectrophotometer. The CL signal intensity of the luminol-

isoniazid-AgNPs system was recorded at 425 nm. 

 

2.4. Sample preparation 

20 isoniazid tablets ((Daru-Pakhsh, Iran) were weighted and ground to fine powder 

in a mortar and then mixed. A portion of powder equivalent to the approximately 100 

mg isoniazid was weighed accurately, transferred into 100 mL volumetric flask and 

dispersed in triply distilled water. The mixture was sonicated for 20 min to aid its 
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dissolution and then made up to volume with water. The resultant solution was then 

filtered. An appropriate volume of the filtrate was diluted further with water so that the 

concentration of isoniazid in the final sample solution was within the working range. 

 

3. Results and Discussion 

Figure 2 shows the scanning electron microscopy (SEM) image of the prepared 

AgNPs. The analysis of SEM images revealed that the average diameter of AgNPs was 

about 70 nm. 

The CL emission spectrum of the luminol-isoniazid system was recorded in the 

absence and presence of AgNPs in the flow mode by continuous propelling of colloidal 

AgNPs solution into the system. As shown in Fig. 3, no CL emission observed for the 

luminol-isoniazid system but in the presence of AgNPs, the CL spectrum showed a peak 

with a maximum at 425 nm. Also, preliminary studies showed that the CL signal 

intensity of the luminol-isoniazid-AgNPs system increased with increasing the 

concentration of isoniazid. So, a wavelength of 425 nm was selected and using 

univariate optimization method, the influence of the chemical and hydrodynamic 

parameters on the CL signal intensity of the luminol-isoniazid-AgNPs system was 

studied in the flow injection mode of analysis.  

 

3.1. Optimization of the FI-CL system  

The effect of chemical parameters including concentrations of luminol, NaOH, and 

AgNPs on the CL signal intensity of the luminol-isoniazid-AgNPs system was 

investigated. As shown in Fig. 4a, at the fixed concentrations of NaOH (0.05 M) and 

AgNPs (220 μL of as prepared colloidal solution) increasing the concentration of 

luminol from 0 to 0.3 mM caused a sharp increase in the CL signal intensity. Further 
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increase in luminol concentration (up to 1 mM) caused a decline in the CL signal. So, 

0.3 mM luminol was selected as the optimal concentration for the further experiments. 

Investigation on the effect of NaOH concentration from 0 to 0.4 M on the CL 

signal intensity was performed at the fixed concentrations of luminol (0.3 mM) and 

AgNPs (220 μL of as prepared colloidal solution). As shown in Fig. 4b, the CL intensity 

increased with increasing the concentration of NaOH and reached a maximum at about 

0.083 M NaOH, then decreased. That might be due to the fact that the catalytic ability of 

AgNPs declined in the high alkaline media. Thus, 0.083 M was selected as the optimal 

concentration of NaOH for the further experiments.  

The concentration of AgNPs could affect on the CL intensity of the luminol-

isoniazid-AgNPs system (Fig. 4c). At the fixed concentration of luminol (0.3 mM) and 

NaOH (0.083 M), the CL signal intensity increased linearly with the concentration of 

AgNPs solution. The as prepared colloidal solution of AgNPs (0.238 mM, based on the 

concentration of silver nitrate solution used for the preparation of AgNPs) was used for 

the subsequent works. 

The influence of the carrier flow rate (0.1 to 1.3 mL min-1) on the CL signal 

intensity of the luminol-isoniazid-AgNPs system was also investigated at the 

concentrations found optimal for the chemical parameters. The CL intensity increased 

with increasing of the carrier flow rate and reached a maximum at about 0.55 mL min-1, 

then decreased (Fig. 4d). A flow rate of 0.55 mL min-1 was therefore selected for the 

further studies.  

 

3.2. Analytical characteristics of the FI-CL system     

Calibration trace for isoniazid recorded using the proposed FI-CL system and a 

series of standard isoniazid solutions under conditions found optimal. Calibration curve 

for isoniazid was linear over 10 - 1000 ng mL-1 with the correlation coefficient of 
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0.9996. The limit of detection (signal to noise ratio = 3) was 2.7 ng mL-1 isoniazid. The 

relative standard deviations (RSD) for repetitive measurements (n=7) of 60 and 200 ng 

mL-1 isoniazid were 1.4 and 2.4%, respectively. Figure 5 shows typical calibration 

traces recorded for isoniazid using the proposed CL system. 

 

3.3. Interference study 

The effect of common excipients used in pharmaceutical preparations of isoniazid 

and also common co-existing compounds were tested as potent interferents. A series of 

solutions containing 0.5 μg mL-1 of isoniazid plus various amounts of potent interfering 

compounds were prepared. The CL signals of the prepared solutions were recorded and 

compared with that obtained for the standard isoniazid solution (0.5 μg mL-1). A 5% 

error criterion was adopted. There was no interference from glucose and starch at the 

concentration about 125 μg mL-1 (250 fold, maximum ratio studied). Citric acid, 

calcium sulfate and magnesium sulfate at the concentrations more than 25 (50 fold), 10 

(20 fold) and 1 (2 fold) μg mL-1 decreased the CL signal intensity, respectively. 

Thiamine hydrochloride (vitamin B1) and ascorbic acid (vitamin C), two common 

vitamins, at the concentration about 0.5 μg mL-1 decreased the CL signal intensity. 

Riboflavin (vitamin B2) at the concentrations more than 25 μg mL-1 increased the CL 

signal. Glutamic acid, a common amino acid, at the concentrations more than 25 μg mL-

1 (50 fold) decreased the CL signal intensity.  

 

3.4. Real sample analysis 

The proposed FI-CL system was successfully applied to the determination of 

isoniazid in isoniazid tablets. To examine the reliability of the method certain amounts 

of standard isoniazid solution was added to the sample solutions and analyzed according 
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to the proposed method. Recovery of each measurement was calculated by comparing 

the results obtained before and after adding of standard isoniazid solution. The results 

have been listed in Table 1.  

 

3.5. Possible mechanism of the CL system  

The reduction of dissolved oxygen to hydrogen peroxide by isoniazid in alkaline 

media has been proposed in the previous CL studies [22, 25, 30, 46-50]. Safavi et al. 

proposed that the gold nanoparticles could catalyze the reduction of O2 to H2O2 by N2H4 

[51]. In 1977 Ono et al. proposed a mechanism in which H2O2 was decomposed to OH  

on the surface of metal catalyst and then the reaction between OH  and H2O2 or HO2
¯ 

led to generate superoxide anion [52]. Recently, it was proposed that the oxygen–

oxygen bond of H2O2 was rapidly broken to give OH  radicals by the catalytic action of 

gold [37], Ag [39] and Pt [35] nanoparticles. The generated hydroxyl radicals were 

stabilized at the surface of nanoparticles via partial electron exchange interactions [53]. 

The subsequent reactions of OH  radicals with luminol anion and HO2
¯ facilitated the 

formation of luminol radical (L ¯) and superoxide radical (O2
¯) anions [54]. Further 

reaction between L ¯ and O2
¯ produced the excited-state 3-aminophthalate anion which 

was the emitter (luminophor) in the luminol-H2O2 CL reaction system with a maximum 

CL emission at 425 nm [54, 55]. 

In this study no detectable CL emission was recorded for the luminol-isoniazid 

system in the absence of AgNPs. The presence of AgNO3, citrate, AgNO3-citrate and 

NaBH4-citrate, the reagents used for the preparation of AgNPs, had no effect on the 

luminol-isoniazid system. But, a strong CL signal was recorded when AgNPs was 

injected into the luminol-isoniazid system. Therefore, the CL emission was attributed to 

the catalytic effect of the AgNPs on the luminol-isoniazid system.  
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The CL emission spectrum of the luminol-isoniazid-AgNPs system showed a peak 

with maximum at 425 nm, suggesting the possible formation of the excited state 3-

aminophthalate ion as the luminophor in the course of the CL reaction similar to those 

reported previously for the luminol oxidation [55].  

The working solutions of luminol, isoniazid and AgNPs, were saturated with O2 

and N2 by bobbling and then the system of luminol-isoniazid-AgNPs was examined 

under saturated conditions. The intensity of the recorded CL signals for saturated and 

normal conditions increased in the order N2 saturated < normal < O2 saturated, 

suggesting the participation of O2 in the course of the CL reaction.   

The CL signal intensity of the luminol-isoniazid-AgNPs system was strongly 

quenched by ascorbic acid. Ascorbic acid can act as a superoxide radical anion 

scavenger [56, 57] giving, thought, the production of superoxide radical anion in the 

course of the CL reaction.   

So, on the basis of the previously reported results and the results obtained in this 

study, it is proposed that isoniazid reduces dissolved oxygen to hydrogen peroxide by 

catalytic action of AgNPs. Then, H2O2 is rapidly decomposed to OH  radicals at the 

surface of AgNPs. The subsequent reactions of OH  radicals with luminol anion and 

HO2
¯ produce luminol radical (L ¯) and superoxide radical (O2

¯) anions. The reaction of 

L ¯ and O2
¯ produces the excited state 3-aminophthalate anion which emits the CL 

emission at 425 nm. Scheme 1 shows the proposed CL reaction mechanism for the 

luminol-isoniazid-AgNPs system. 

 

4. Conclusions 

It was found that AgNPs could act as a nanocatalyst on the luminol-isoniazid 

system to generate CL. The luminophor of the luminol-isoniazid-AgNPs CL system was 

identified as the excited state 3-aminophthalate anion. It was suggested that the 
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chemiluminescence of the luminol-isoniazid-AgNPs system was due to catalytic ability 

of AgNPs on the reduction of dissolved O2 to H2O2 by isoniazid in addition to its 

catalytic effect on the decomposition of H2O2 to hydroxyl radical. The proposed CL 

system was successfully applied to the determination of isoniazid in a pharmaceutical 

sample. 
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Legend to figures: 
 
Fig. 1. Schematic diagram of the proposed FI-CL system for determination of isoniazid. 

I; injection valve (220 μL), T; three way connector, C; mixing coil (0.5 mm i.d. 

and 20 cm). Conditions: R1 = H2O, R2 = isoniazid, R3 = luminol (0.3 mM) + 

NaOH (0.083 M). 

Fig. 2. SEM image of the prepared AgNPs. 

Fig. 3. Chemiluminescence spectra of luminol-isoniazid system in the absence (broken 

line) and presence (solid line) of AgNPs when the reagents were propelled, 

continuously. Conditions: R1 = H2O or AgNPs (as prepared solution), R2 = 

isoniazid (500 ng mL-1), R3 = luminol (0.3 mM) + NaOH (0.083 M), flow rate = 

0.55 mL min-1. 

Fig. 4. The effect of a) luminol, b) NaOH and c) AgNPs concentrations and d) flow rate 

on the CL signal intensity. Conditions: R1 = H2O, R2 = isoniazid (500 ng mL-1), 

flow rate (for a, b and c) = 0.74 mL min-1, AgNPs (for a, b and d) = 220 μL of as 

prepared solution, R3 (for a) = luminol + NaOH (0.05 M), R3 (for b) = luminol 

(0.3 mM) + NaOH, R3 (for c and d) = luminol (0.3 mM) + NaOH (0.083 M).   

Fig. 5. Calibration traces obtained for the standard isoniazid solutions in the range of 

10-100 (inset) and 100-1000 ng mL-1 using luminol-isoniazid-AgNPs FI-CL 

system. Number above peaks denotes concentration of isoniazid in ng mL-1. 

Conditions: R1 = H2O, R2 = isoniazid, R3 = luminol (0.3 mM) + NaOH (0.083 

M), AgNPs = 220 μL of as prepared solution, flow rate = 0.55 mL min-1.  

Scheme1. The proposed CL reaction pathway for the luminol-isoniazid-AgNPs system. 
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Table 1  

FI-CL determination of isoniazid in isoniazid tablets. 

Sample taken  

(ng mL-1) 

Added 

(ng mL-1) 

Found 

(ng mL-1) 

Recovery  

(%) 

RSD  

(n= 3, %) 

250 0 253 101.2 2.2 

250 100 251 100.4 2.7 

250 200 252 100.8 4.4 

250 400 254 101.6 2.3 

250 600 244 97.6 1.0 

350 0 352 100.6 2.0 

350 100 352 100.6 1.0 

350 200 349 99.7 2.9 

350 400 340 97.0 3.4 

350 600 352 100.6 4.1 
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