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Annotation: This study exploré the ,c'hemicél'reactivity and fumigant potential of
azobenzene derivatives as bioactive’ agents targeting soil-dwelling arthropods.
Azobenzene compounds-were synthesized and characterized using spectroscopic and
chromatographic techniques. Their thermal stability, volatility, and isomerization
behavior under environmental conditionswere investigated to assess their suitability as
fumigants. Bioassays against representative arthropod species demonstrated significant
fumigant activity, with structure-activity relatiohships indicating that electron-donating
substituents enhanced pesticidal efficacy. The results suggest that azobenzene -based
molecules could serve as effective alternatives to conventional soil fumigants, offering a
chemically tunable platform=for targeted pest controf~with potential environmental
compatibility.
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Introduction: The ‘growing concern over the environmental impact and resistance
development associated with conventional pesticides has spurred interest in novel
chemical agents with improved selectivity and degradability. Among such candidates,
azobenzene and its derivatives have attracted attention due to their unique structural
properties, including reversible cis—trans isomerization, moderate volatility, and the
ability to undergo various chemical modifications.

Azobenzene-based compounds are widely studied in material science and
photochemistry, yet their potential as bioactive agents in pest control remains
underexplored. Their physicochemical features make them promising for use as
fumigants—substances that act in vapor form to control pests, especially in enclosed or
soil environments.

Soil-dwelling arthropods, including mites, springtails, and insect larvae, represent a
significant challenge in agriculture, particularly _in protected cultivation systems.
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Fumigants capable of penetrating the soil matrix and reaching these organisms
without leaving harmful residues are highly desirable. Given the tunable reactivity and
structural diversity of azobenzene derivatives, their application in this context merits
investigation.

This study aims to synthesize selected azobenzene derivatives, evaluate their chemical
reactivity, thermal behavior, and volatility, and test their fumigant efficacy against key
soil arthropods. By establishing structure—activity relationships and identifying optimal
molecular frameworks, the research seeks to contribute to the development of next-
generation, environmentally responsive pest control agents.

Literature review: Azobenzene and its derivatives have been extensively studied for
their photoresponsive behavior and molecular switching capabilities in the fields of
photochemistry, materials science, and supramolecular chemistry. Their cis—trans
isomerization under light or heat exposure offers a mechanism for controlled molecular
reactivity, which is now being consu)ered l’c\r biological applications, including pest
control [Zhao & lkeda, 2009].

While traditional fumigants such as ,methyl bromide and chloropicrin have been
effective against a broad range of soil pests, their environmental toxicity and regulatory
restrictions have prompted the search-for safer,-more selective alternatives [Fields &
White, 2002]. In this context, structurally modifiable compounds like azobenzene offer a
promising platform due to theirtunable volatility, moderate persistence, and potential for
functionalization with bioactive groups [Lee‘etal.,; 2017]. . A

Recent studies have shown that afpmatic aza compounds,can interact with biological
membranes and disrupt “cellular respiration in invertebrates, suggesting potential
acaricidal and insecticidal activity-[Kwon et al.,.2015]. However, the majority of these
investigations have been limited to in vitro models or aquatic species, with few focused
specifically on soil-dwelling arthropods under realistic environmental conditions.

The effectiveness: of fumigants is often governed by their physicochemical
properties—such as vapor pressure, molecular weight,and soil sorption capacity—which
influence their ability:to diffuse through soil and reach target organisms [Wauchope et
al., 2002]. Therefore, understanding how the structure of azobenzene derivatives affects
these parameters is critical for assessing their fumigant potential.

Despite their promising features, azobenzene derivatives remain underutilized in
agricultural pest management. There is a clear gap in the literature concerning their
application as fumigants against soil arthropods, especially regarding the relationships
between structural modifications and bioactivity. This study seeks to address that gap
through experimental synthesis, reactivity profiling, and bioassay evaluation of selected
azobenzene-based compounds.

Methodology:

1. Synthesis of azobenzene derivatives:

A series of azobenzene derivatives were synthesized via diazotization of substituted
anilines followed by azo coupling reactions with electron-rich aromatic amines. The
compounds were purified through recrystallization and characterized using Fourier-
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transform infrared (FTIR) spectroscopy, proton nuclear magnetic resonance (“1H
NMR), and gas chromatography—mass spectrometry (GC-MS).

2. Soil Preparation and target arthropod collection:

Standardized loamy soil with pH 6.8 and 5% organic matter was sterilized and used in
bioassays. Soil-dwelling arthropods, including oribatid mites (Oppia nitens) and
springtails (Folsomia candida), were collected from greenhouse soil using Berlese
funnels and acclimatized in controlled laboratory conditions.

3. Fumigant exposure assays:

Approximately 100 g of soil containing 20—25 arthropods was placed in sealed 250
mL glass jars. Test compounds were applied onto filter paper strips (doses: 0.5, 1.0, and
2.0 mg/cm?) and suspended above the soil surface. Jars were sealed and incubated at
25°C for 48 hours. Arthropod mortality was assessed post-treatment.

4. Volatility and thermal stability testing:

Thermogravimetric analysis (TGA) Wwas uséd to determine the thermal decomposition
temperatures of the synthesized \compounds. Vapor pressure was estimated using
isothermal thermogravimetry and validate,d'*through'a static headspace-GC method.

5. Chemical reactivity profiling: /

To assess redox activity and isomerization, compounds were subjected to UV -visible
spectroscopy (A = 254-365 nm) under controlled photolysis conditions. Changes in
absorption maxima were used-to monitor cis~trans isomerization dynamics.

6. Data analysis: v e TS TRy ae) . X

All experiments were conductedJif triplicate. Mortality, data were corrected using
Abbott’s formula and statistically analyzed using one-way ANOVA followed by Tukey’s
HSD test (significance level: p <-0.05). Correlation analysis was performed to examine
relationships between molecutar properties (e.g., logP, motecular weight) and bioactivity.

Results:

1. Synthesis and characterization:

All targeted azobenzene derivatives were successfully synthesized with yields ranging
from 65% to 81%. FTIR spectra confirmed the presence of characteristic N=N (azo)
stretching bands at ~1450—-1500 cm™. “1H NMR spectra showed doublets corresponding
to para-substituted aromatic protons. GC-MS confirmed molecular weights consistent
with expected structures.

2. Fumigant efficacy against arthropods:

The fumigant bioassays revealed that all tested azobenzene derivatives demonstrated
notable insecticidal activity, with compound AZB-3 (4-methoxyazobenzene) showing the
highest efficacy. At a dose of 2.0 mg/cm? AZB-3 caused 94% mortality in Folsomia
candida and 88% in Oppia nitens within 48 hours.

Table 1. Arthropod mortality (%) after 48-hour fumigant exposure to azobenzene
derivatives
(AZB-1: unsubstituted, AZB-2: 4-chloro, AZB-3: 4-methoxy, AZB-4: 4-nitro)

112



FEuropean science international conference:
MODERN EDUCATIONAL SYSTEM AND INNOVATIVE TEACHING SOLUTIONS I

3. Volatility and thermal stability:
Thermogravimetric analysis showed that all derivatives were thermally stable up to

Compou Dose F. candida Mortality O. nitens Mortality
nd (mg/cm?) (%) (%)

AZB-1 2.0 72 64

AZB-2 2.0 81 77

AZB-3 2.0 94 88

AZB-4 2.0 68 59

~150°C. AZB-3 had the highest volatility (vapor pressure ~0.08 mmHg at 25°C),
correlating with its superior fumigant action. Lower volatility was observed in AZB-4
due to the electron-withdrawing nitro group.

4. Photochemical reactivity: X y;

UV-vis spectroscopy confirmed the bccué:ence of reversible cis—trans isomerization
for all derivatives upon UV exposure. AZB=3 displayed faster isomerization rates, which
may enhance its reactivity and bioavailability under natural light conditions.

5. Structure—activity correlation:

Correlation analysis revealed 'a strong relatlonshlp between electron-donating
substituents (e.g.,, —OCH» in AZB-3)-and -increased-fumigant efficacy. Conversely,
electron-withdrawing groups 'i(e.g.,. =NO:\in ' AZB-4). reduced both, volatility and
bioactivity, suggesting that electronlcﬂffects play a key role in pesticidal performance.

Discussion: The findings. of thls study underscore-the potential of azobenzene
derivatives as effective fumlgants against soil- -dwelling arthropods. Among the
synthesized compounds, AZB-3 (4-methoxyazobenzene) demonstrated the highest
bioactivity, with mortality rates exceeding 90% in Folsomia candida and 85% in Oppia
nitens. This result is strongly aligned with its physicochemical profile—specifically, its
high vapor pressure and the electron-donating nature of the methoxy group, which may
enhance molecularmobility and biological interaction.

The structure—activity relationship analysis further supparts the “hypothesis that
electronic effects play a crucial role in fumigant efficiency. Derivatives bearing electron-
donating substituents (AZB-2 and AZB-3) were significantly more active than those with
electron-withdrawing groups (AZB-4). This can be attributed to increased volatility and
better partitioning into soil airspaces, improving diffusion and target reach.

Volatility data obtained from thermogravimetric and headspace-GC analysis
confirmed that compounds with higher vapor pressure yielded better fumigant action.
AZB-4, despite being structurally stable, had reduced efficacy due to its low volatility,
emphasizing that both reactivity and vapor behavior must be optimized simultaneously.

Photochemical studies confirmed that all azobenzene derivatives retained
photoisomerization capabilities. Interestingly, AZB-3 showed faster isomerization
dynamics, which could contribute to its superior performance under natural light

113



FEuropean science international conference:
MODERN EDUCATIONAL SYSTEM AND INNOVATIVE TEACHING SOLUTIONS I

exposure. This aspect suggests a dual functionality—chemical reactivity and
environmental responsiveness—which is especially valuable for field applications.

From an ecological perspective, azobenzene-based fumigants may offer a safer
alternative to conventional soil treatments, especially if their breakdown products are
benign or readily biodegradable. However, further work is needed to evaluate their
environmental persistence, non-target effects, and potential for bioaccumulation. This
study provides compelling evidence that chemically tunable azobenzene derivatives can
be developed into next-generation fumigants for targeted pest control. Their modular
synthesis, functional diversity, and photoreactivity make them attractive candidates for
sustainable agricultural pest management.

Conclusion: This study demonstrates that azobenzene derivatives possess promising
fumigant properties against soil-dwelling arthropods. The synthesized compounds
exhibited varying levels of bioactivity, with 4- methoxyazobenzene (AZB-3) emerging as
the most effective, likely due to its fa\)orab electronic structure and higher volatility.
The results confirmed a clear structure —actl ity relationship, where electron-donating
substituents enhanced fumigant efflcacy “while electron- -withdrawing groups reduced
both volatility and bioavailability. /

In addition to their~insecticidal -performance, the photochemical and thermal
characteristics of the compounds suggest that azobenzene derivatives can offer dual
functional benefits—environmentally - responsive .action. and controlled molecular
behavior. These properties-are particularly useful for targeted pes:t/ eontrol in closed
systems such as greenhouses or post-fidrvest storage.

The findings support the potential of azobenzene-based molecules as a new class of
customizable, selective, and-environmentally adaptive fumigants. Further investigation
into long-term environmental~effects, residue breakdewn, and large-scale application
efficiency will be essential for advancing these compounds toward practical agricultural
use.
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