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Abstract:

This study aimed to establish an efficient analytical method for the detection and quantification of
nicotine using 1-[(bromomethyl)(phenyl)methyl]-2-(2,4-dinitrophenyl) hydrazone (BPMDNPH) as
derivatizing reagent. The proposed method is based on a simple, rapid, and highly sensitive
spectrophotometric approach. The work included the determination of the optimum absorption
wavelength as well as the evaluation of the complex stability time to ensure accurate measurements.
Nicotine was quantified spectrophotometrically at the maximum absorption wavelength (Amax = 455
nm). The measured nicotine concentrations ranged from 0.16 to 0.97 ppm, with a detection limit (LOD)
of 0.13577 yg mL™. Additional analytical performance parameters, including the limit of quantification
(LOQ) and method sensitivity, were also determined. The calibration curve showed excellent linearity,
with a correlation coefficient (R?) of 0.99105 and a molar absorptivity of 4.9 x 10* L-mol™t.cm™. The
stability of the BPMDNPH-nicotine complex was assessed under the optimum experimental conditions.
The findings indicated that the absorbance of the BPMDNPH complex remained stable throughout the
monitoring period. The developed method was successfully applied to determine nicotine in tobacco
products marketed locally in Libya. The obtained results revealed deviations ranging from 0.06 to 0.21
(SD) from the labeled values, with an overall relative standard deviation (RSD%) of 1.8%.
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Introduction:

Nicotine (Nic) is a naturally occurring alkaloid found in the nightshade family of plants, known as the
Solanaceae family [1]. This toxic organic compound triggers various pharmacological effects throughout
the body, particularly in the nervous system. Nicotine is present in several plants, including tobacco,
tomatoes, potatoes, green peppers, eggplants, and coca leaves. To ensure their survival and
reproduction, plants have evolved mechanisms to protect themselves from various threats, such as
microbes and herbivorous animals. As a defense strategy, many plants, most notably tobacco, produce
nicotine to deter insects and other potential predators [2].

Nic is one of the primary active components in tobacco, functioning as both a relaxant and a stimulant
depending on the depth of inhalation by smokers. However, excessive exposure to nicotine can be
harmful to health [3]. There is a general consensus that nicotine alters the acute effects of alcohol [4].
The reported threshold limit value for nicotine is 0.05 mg/m3 [5].

Numerous recent studies have provided substantial evidence suggesting that nicotine may increase
the risk of developing various diseases, including Alzheimer's disease [3], lung cancer, bladder cancer,
and cancers of the larynx and esophagus [5], Parkinson's disease, and cardiovascular diseases [6,7].
Several methods have been used to analyze nicotine in cigarettes, including HPLC [8],
radioimmunoassay [9], GC-MS [10,11], CE [12,13], TLC [14], and ASS [5]. However, many of these
methods involve lengthy extraction procedures prior to nicotine analysis and the use of highly toxic
compounds. However, spectrophotometric methods still the most useful and easily applicable method
for the determination of nicotine. The majority of these methods rely on the cleavage of the pyridine ring
[15,16].

An early report on the spectrophotometric determination of Nic was published by Asthana et al. [15].
Their method involves the bromination of Nic to form a dibromonicotine complex, which then reacts with
potassium iodide to liberate iodine. The released iodine subsequently oxidizes leuco crystal violet (A =
592 nm). Omara and Younis [14] also reported on the spectrophotometric determination of Nic in
tobacco, which involves the reduction of Fe3* to Fe?* in the presence of potassium ferricyanide in an
acidic medium. This reaction produces a Prussian blue complex (KFe[Fe(CN)s]) with a wavelength of A
=736 nm. The first method is complicated, time-consuming, and has a low detection range of 0.2 — 2.2
png/mL. The second method can detect nicotine within a narrow concentration range of 0.1 — 4.4 pg/mL,
but it relies on toxic cyanide reagents, raising safety and health concerns. Therefore, it is essential to
develop an efficient method for determining nicotine content in tobacco.

Hydrazone compounds have potential applications as chromogenic ligands. They can serve as
chromogenic reagents for the determination of free fatty acids [17], ions such as Fe3* [18], Cu2* [19],
Ag* [17], La3" [20], and the acetate anion [21]. This paper will focus on the environmental application of
1-[(bromomethyl)(phenyl)methyl]-2-(2,4-dinitrophenyl) hydrazone (BPMDNPH) [17] (Figure 1) in the
removal of nicotine from aqueous solutions. One notable biological application of this ligand is its role
as an apoptotic inducer in cancer cells, particularly tongue cancer cells, making it a promising candidate
for cancer chemoprevention studies [22]. The compound exhibited significant growth-inhibitory effects
against tongue cancer cells, with a low IC50 value of 0.01 mg/ml, and acted in a dose- and time-
dependent manner. Additional studies of the same ligand also demonstrated its high selectivity and
efficiency in removing Cu?"*.
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Figure (1): The molecular structure of BPMDNPH
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Material and methods:
Experimental:
Apparatus:

UV/VIS Spectrophotometer (Analytikjene, Germany), Rotatory evaporator (Buchi, Switzerland), FT-
IR Spectrometer (Perkin Elmer, USA).

Materials:

Nicotine, 2,4-Dinitrophenylhydrazine, 1-Bromoacetophenone, potassium permanganate, KMnOa,
H2S04, and ethanol.

Synthesis of the ligand, BPMDNPH:

The hydrazone ligand (BPMDNPH) (Figure 1) was synthesized and characterized following reported
method by our research group, and during the investigation of a silica-functionalized hydrazone for the
extraction of metal ions [23,24].

General procedure:

The procedure was based on the redox method of Nic with KMnOa4 in aqueous that previously
reported by Omara and S. Attaf [5] and Yesgat [25]. In this work, a series of 10 ml standard flasks were
prepared by adding 2 ml of 0.8 M sodium hydroxide, followed by varying volumes of a standard nicotine
solution ranging from 0.16 to 0.97 ppm. Next, 2 ml of an acidified KMnOa solution (4x107* M) was added,
followed by 3.5 ml of BPMDNPH ligand solution (7x107® M in ethanol). The final volume was adjusted
to the mark using ethanol. The absorbance of each solution was measured at a wavelength of Amax =
455 nm, using a reference solution for comparison. Under the optimized conditions for forming the Nic-
KMnO4-BPMDNPH complex, a calibration curve was constructed.

Extraction and determination of nicotine in cigarette tobacco [5]:

Weigh 10 g of cigarette into a 250 ml beaker. Add 100 ml of 0.8 M NaOH solution and stir well for
15 minutes. Filter the mixture using a Buchner funnel, pressing down firmly on the residue. Add 30 ml
of distilled water to the filtrate and stir again. Transfer the solution to a separating funnel and extract
with 10 ml of chloroform. Repeat the extraction process three times. Combine all extracts in a conical
flask and evaporate the chloroform using a rotary evaporator, avoiding excessive heat as nicotine
hydrolyzes upon intense heating. Once evaporation is complete, transfer the resulting nicotine to a 100
ml flask and dilute with distilled water. Finally, measure the absorbance of the product using a UV/VIS
spectrophotometer.

Results and discussion:
FT-IR Analysis:

The FT-IR spectrum (Figure 2) of the BPMDNPH ligand displayed a distinct N—H stretching vibration
at 3281 cm™. The C—H stretching vibrations were predominantly observed near 3102.59 cm™. Notably,
the disappearance of the characteristic C=0 stretching band, typically present in acetophenone, along
with the appearance of a strong absorption band at 1614 cm™ attributed to C=N stretching provides
clear evidence for the successful synthesis of the BPMDNPH ligand [24,26]. The presence of nitro
(NO,) groups was confirmed by the appearance of asymmetric and symmetric stretching vibrations at
1514 cm™ and 1361 cm™, respectively. Additionally, C—N stretching vibrations were identified within
the 1267-1327 cm™ range. Vibrations corresponding to the aromatic ring were observed between
1581.19 and 1594 cm™.
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Figure (2): FT-IR spectrum of BPMDNPH.
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Complexation formation:
Nicotine with KMnOu:
Effect of nicotine concentration:

The effect of varying Nic concentrations (ranging from 0.2 to 10 x 107* M) on the formation of a
complex with KMnO4 ions in an acidic medium, prior to the addition of the hydrazone ligand, was
investigated by measuring absorbance at 610 nm. Results (Figure 3) showed a significant increase in
absorbance with rising Nic concentrations, indicating the formation of a Nic-KMnO4 complex. At higher
concentrations, the absorbance plateaued, suggesting saturation of the reaction. The optimal
concentration for complex formation was determined to be 4 x 10™ M, which yielded the highest
absorbance under the experimental conditions.
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Figure (3): Effect of Nic concentration on the of Nic-KMnO4 complex formation (A= 610 nm).

Effect of KMnO4concentration:

The effect of KMnO, concentration on the formation of the Nic—KMnO, complex was also examined
in the absence of the hydrazone ligand. As shown in (Figure 4), absorbance increased with KMnO,
concentration up to 4 x 107* M, indicating the optimal concentration for complex formation. Beyond this
point, further increases had little effect, suggesting saturation of nicotine and a stable stoichiometric
ratio between the reactants.
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Figure (4): Effect of KMnOa4 concentration on Nic-KMnO4 complex formation (A= 610 nm).

Nic-KMnO4-BPMDNPH complex:
Effect of solvent:

Due to the ligand's low solubility in aqueous solutions, several organic solvents, including methanol,
ethanol, and DMSO, were utilized. The effect of these solvents on the absorption properties of the Nic-
KMnO4+-BPMDNPH complex was examined. Results showed that solvent type significantly affected both
absorbance intensity and the maximum wavelength (Amax) (Figure 5). DMSO exhibited higher
absorbance at 610 nm, indicating greater complex stability, while ethanol caused a notable shift in (Amax)
to 455 nm, suggesting a structural change in the complex likely due to differences in polarity or hydrogen
bonding. Thus, ethanol was most effective in altering the complex’s nature, whereas DMSO enhanced
absorbance intensity.
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Figure (5): Nic-KMnO4-BPMDNPH complex formation in;) A) Methanol, (B) Ethanol and (C) DMSO.

Effect of ligand concentration:

The effect of ligand (BPMDNPH) concentration on the complex formation in ethanol was studied
over a range of concentrations 1.0 to 10x10-°M .The absorbance increases gradually with the increase
in ligand concentration until it reaches a maximum value at 7x10-% (Figure 6), indicating the optimum
effect of the ligand concentration of the ligand. After this concentration, no more increase in the
absorbance was observed, indicating that further increase in ligand concentration does not significantly
enhance complex [(Nic-KMnO4)-BPMDNPH] formation.
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Figure (6): The optimum ligand (BPMDNPH) concentration in the (Nic-KMnQO4)-BPMDNPH complex.
(A=455nm)

Effect of nicotine concentration:

The effect of nicotine concentration on complex formation was also investigated. Very low
concentrations of nicotine, ranging from 0.16 to 1.62 ppm, were used (Figure 7). The figure shows a
gradual increase in absorbance with increasing nicotine concentration, indicating effective complex
formation. Notably, nicotine could be detected even at extremely low concentrations, reflecting the high
sensitivity of the method. This method is capable of detecting and quantifying nicotine at very low
concentrations (ppm level), making it suitable for sensitive analytical determinations.
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Figure (7): Effect of Nic concentration on the (Nic-KMnQO4)-BPMDNPH complex formation.
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Effect of equilibrium time:

In the absence of (BPMDNPH), the stability of the Nic-KMnO4 complex formed between nicotine
(4x107* M) in a basic medium (NaOH, 0.8 M) and KMnO, (4x10™* M) was investigated over one hour.
The absorbance was measured at regular intervals (every 10 minutes) using a UV-Vis
spectrophotometer to monitor any changes in complex concentration over time (Figure 8b). Additionally,
the stability of the Nic-KMnOs-BPMDNPH complex was examined over the same duration, with
absorbance measurements taken every 10 minutes for a total of 60 minutes. (Figure 8a) shows that the
absorbance remained nearly constant throughout this period. The results indicate that the complex is
stable over time, with no significant degradation or change in absorbance.
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Figure (8): Effect of time on (a) the (Nic-KMnO4)-BPMDNPH complex formation and (b) on the Nic-
KMnO4 complex formation.

The calibration curve:

After ensuring the optimum conditions for obtaining the maximum. The calibration curve was (Figure
9). These values were then plotted against concentrations that conformed to Beer's law (linear range).
The molar absorption coefficient, linear regression equation, correlation coefficient, and other relevant
parameters were calculated. The point of intersection of the regression line was also determined.
Results are summarized in Table 1.

0.4 - y = 0.3308x - 0.0129
) ] RI=09011
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Figure (9): Effect of Nic concentration of (Nic-KMnO4)-BPMDNPH complex formation (Amax= 455nm).
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Table (1): Regression statistics and the o

ptimum condition for the method.

Multiple R 0.99552
Correlation coefficient (R?) 0.99105
Standard Error 0.01385
Coefficient 0.33076
Standard Error 0.01361
Absorption maximum (Amax) 455 nm
Beer's Law Limit (ug/mL) 0.16-1.0 ppm

Sensitivity 0.3308

Limit of detection (LOD)
Limit of quantitative (LOQ)
Limit of linearity
Standard Deviation (SD)
Molar absorptivity
Regression Equation (y = mx+c)
Intercept

0.13577 ug mit
0.41144 ug mlt
0.97 uyg mlt
0.31593
4.9x10% L-molt-cm™
Y = 0.3308x - 0.0129
0.0129

Determination of nicotine in cigarette tobacco:

The current method was applied to real cigarette samples, revealing clear discrepancies between
the labeled and experimentally determined nicotine contents (Figure 10). For example, "Wing"
contained 0.8 mg versus the claimed 0.2 mg, and "Bon" had 0.5 mg compared to 0.1 mg. These
differences may result from labeling inaccuracies, manufacturing variations, or additives. Conversely,
"Napoli" showed lower nicotine than labeled. Standard deviations ranged from +0.06 to £0.21, indicating
variable reproducibility. These findings highlight the importance of direct chemical analysis for accurate
nicotine assessment, crucial for public health, regulation, and consumer transparency.

mmethod

06
04
IJI: ‘

P \p li
Sigarate Brand
Figure (10): Comparison of manufactured versus experimentally calculated concentrations of tobacco
products.
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Comparison with Previous Studied:

The present method for nicotine determination was compared with two previously reported methods
described above [14,15]. Table 2 summarizes the main differences among these methods. Results
indicated that the present method exhibited higher efficiency by detecting nicotine over a broader range
(0.16 — 6.0 pg/mL) and utilizing a stable complex that can be measured after one hour, without the need
for hazardous reagents. This makes the method safer, more practical, and well-suited for the routine
analysis of nicotine in tobacco products.

Table (2): Comparison between the present method and previously reported methods for Nic
determination.

Method 1 2 3
Amax (NM) 736 592 455
Beer's Law Limit (ug/mL) 0.1-44 | 0.2-2.2 0.16-6.0
RSD% - - 0.31593
LOD (ug/mL) - - 0.13577
LOQ (ug/mL) - - 0.41144
Molar absorptivity (Lmol*cm™?) | 3.05x10% | 1.4x10° 4.9x10*
Reference [14] [15] Present work

57 | North African Journal of Scientific Publishing (NAJSP)



Conclusion:

The findings of this research demonstrate the efficiency of the organic reagent used to develop a
suitable spectrophotometric method for detecting and quantifying nicotine in various cigarette brands
available in the Libyan market. This method shows high responsiveness to low nicotine concentrations
and is characterized by its sensitivity, speed, and simplicity. The influence of factors such as KMnO34
concentration, BPMDNPH concentration, nicotine concentration, and reaction time to determine the
optimal conditions for forming a stable complex with maximum absorption. The linear regression results,
along with the calculated standard deviation and detection limit, confirm the method's high sensitivity
and precision. The presence of the hydrazone ligand enhances the stability of the complex and
facilitates the extraction of nicotine from real samples. Overall, the developed method demonstrates
strong potential for application in analytical laboratories and can serve as a reliable tool for assessing
nicotine levels, whether for regulatory monitoring or future research purposes.
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