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Abstract

Pendimethalin is a widely used dinitroaniline herbicide, frequently encountered in agricultural, environmental
and forensic investigations. Conventional thin layer chromatographic (TLC) detection of pendimethalin relies
predominantly on ultraviolet (UV) visualization, which often lacks selectivity and can be compromised by co-
extractives present in real samples. In the present study, a selective post-chromatographic derivatization strategy
based on nitro group reduction followed by diazotization to develop colour which is useful for the qualitative
identification of pendimethalin on TLC plates. The sequential chemical transformation results into formation of a
stable, intensely coloured azo-type chromophore, allowing direct visual detection under daylight. Reaction
parameters such as reagent concentration, acidity, coupling time, and plate drying conditions were systematically
optimized to obtain maximum colour intensity and stability. The reagents do not react with the other pesticides
like Monocrotophos, Chlorpyriphos, Profenophos, Carbosulfan, Carbofuran, Cypermethrin, Deltamethrin etc.
The complex visceral matrix constituent such as fatty acids, lipids, peptides, proteins and other organic
compounds does not react with the reagent. This approach provides a fast, specific and selective technique for the
qualitative identification of Pendimethalin in Visceral samples.
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L Introduction

Pendimethalin [N-(1-ethylpropyl)-2,6-dinitro-3,4-xylidine] belongs to the dinitroaniline class of
herbicides and is extensively applied as a pre-emergent weed control agent in cereals, legumes and vegetable
crops. Due to its large-scale use and moderate persistence, pendimethalin residues are commonly detected in soil,
water and agricultural commodities. Its improper uses have consequential problems on living beings, necessitating
reliable analytical screening methods [1]. Advanced instrumental techniques such as gas chromatography (GC)
and high-performance liquid chromatography (HPLC) provide sensitive and quantitative determination of
pendimethalin however these approaches require costly instrumentation and skilled operation [2-4]. In contrast
planar chromatographic techniques such as thin layer chromatography (TLC) widely used for preliminary
screening because of their simplicity, low operational cost and capability for parallel analysis [5]. Pendimethalin
exhibits only weak UV absorption and is typically visualized as a quenching spot under UV254 nm which may
be obscured by matrix components.[6] Pendimethalin contains aromatic nitro groups that can undergo chemical
reduction to amines, which may subsequently be transformed into diazonium salts. Diazotization reactions are
well established in analytical chemistry for converting aromatic amines into highly reactive intermediates capable
of forming intensely coloured azo compounds [7]. Such chemistry has been successfully applied in planar
chromatographic detection of pesticides and other nitrogen containing compounds [8-9]. Based on these
principles, the present study develops a diazotization—alkaline coupling sequence tailored for pendimethalin
detection on TLC.

I1. Materials and Methods
2.1 Chemicals and Reagents
Pendimethalin was purchased from Crop Life Science Limited (Gujarat, India), silica gel 60 F2sa TLC plates,
Toluene, Acetone, Stannous Chloride (SnClz), Conc. Hydrochloric acid (HCI), Sodium nitrite (NaNO:) and
Sodium hydroxide (2N NaOH) was used. All reagents were of analytical reagent grade.
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2.1.1. Preparation of reagent
a) Standard solution of pendimethalin was prepared in methanol (2 mg/mL).
b) Spray reagents -
1) 10% v/v Hydrochloric Acid (aq).
ii) Aqueous solution of 2% w/v Sodium Nitrite,
iii) 5% w/v solution of Stannous Chloride in Conc. HC1
iv) 10% B -Naphthol in 2 N Sodium hydroxide were prepared.

2.2 Thin layer Chromatography

A Silica gel-G (0.25 mm) was prepared, Dried and activated at 110 °C for 30 min prior to use. A 10 pl aliquot
from blank Viscera, Spiked Viscera and standard pendimethalin was spotted as narrow spot using glass capillaries.
5% Stannous Chloride/Conc. HCI applied using spraying assembly and plate were heated at 100°C for 10 min for
reduction. After cooling to room temperature plate was developed in Benzene:Acetone:Etanol (8:1:1) up to 10
cm, then sprayed with 2% Sodium Nitrite and 10% alkaline f-Naphthol. A stable Brick red coloured spot at Rf- -

0.55 confirmed Pendimethalin. [Fig.1.]
a b c
|

Fig.1: Thin layer Chromatography showing spot a) Blank viscera extract, b) spiked Viscera extract and c)
commercial standard of Pendimethalin.

2.3. Recovery of Pendimethalin from Biological Materials

To perform quantitative analysis of Pendimethalin, 10 mg of its standard solution in ethanol was added to 100 g
of finely minced visceral tissue. The spiked biological material was thoroughly homogenized with water and
stored overnight. Further, extraction was done using diethyl ether (3x50 ml) as described above. After evaporation
of ether, residual Pendimethalin then spotted on thin layer chromatographic plate against the different
concentrations namely 7, 7.5, 8, 8.5, 9.0, 9.5 and 10 mg/ml . All spot were of volume 10 pl. The chromatogram
was developed by utilizing mentioned procedure. Colour intensity of spot in corelation of visceral sample closely
matched with the intensity of the standard spot of 9.5 mg/mL , suggesting that about 95% of the compound was
successfully recovered.

1. Results and Discussion
Pendimethalin showed reproducible migration with a constant Rf value under the optimized chromatographic
conditions. Before derivatization, the compound could be detected only as a quenching spot under UV light and
no visible spot was observed in daylight.
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Fig.2: Reaction mechanism for the Reduction followed by Diazotization of Pendimethalin.

The systematic derivatization involved reduction of the nitro groups of pendimethalin to aromatic
amines using Conc. HCI/ SnCl., followed by diazotization with NaNO2/HCI which produced a distinct reddish
coloured zone at the Rf position of pendimethalin. This color development enabled easy visual identification of
pendimethalin on the TLC plate. [Fig.2.] The intensity and stability of the colour facilitated clear visual
identification without the need for UV illumination. The colour remained stable for sufficient duration. Selectivity
testing using pesticides lacking Nitroaromatic functionality (e.g., pyrethroids) did not yield comparable coloration,
indicating that the derivatization sequence is functionally selective for nitro-containing aromatic compounds such
as pendimethalin.

Iv. Conclusion
A selective and visually interpretable post-chromatographic derivatization method has been developed for the
identification of pendimethalin on TLC plates. The method exploits nitro reduction followed by diazotization and
alkaline colour development to generate a stable chromophore. Its simplicity, low cost and compliance with
established planar chromatographic principles make it suitable for routine forensic, environmental and agricultural
screening applications.
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