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Abstract: Gibberellic acid (GA), a pivotal plant hormone, influences key growth
processes in plants, including seed germination and stem elongation. Bromination of GA
is hypothesized to alter its structural and biological properties, potentially enhancing its
agricultural efficacy. This study employs infrared (IR) spectroscopy to investigate
structural changes in GA and its brominated derivative (GA-Br).
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Introduction: Gibberellic -acid- (GA) is-an important phytohormone that regulates
plant growth and development. It-is used in agriculture to promote seed germination,
break dormancy, and stimulate -growth. in. various .crops. - The modlflcatlon of GA,
partlcularly through halogenatlon ‘can’ alter lts blo}oglcal activity. Bromlnatlon of GA,

Infrared spectroscopy is avital tooI for characterlzmg chemical structures by providing
information about functional groups and molecular vibrations. In this study, FTIR
spectroscopy was used to compare the IR spectra of GA~and its brominated derivative
(GA-Br) to identify structural changes, particularly the formation of C-Br bonds. By
understanding these changes, the study aims to clarify how bromination affects GA's
chemical properties, potentially leading to new appllcatlons in plant growth regulation.

Literature Review!

Phytohormones, also known as plant hormones, are organic substances naturally
synthesized in plants that regulate physiological activities at low concentrations. They are
classified broadly into two functional groups: growth promoters and growth inhibitors.
Growth promoters include auxins, gibberellins, and cytokinins, while ethylene and
abscisic acid (ABA) are the main growth inhibitors[1]. Although the gaseous hormone
ethylene may sometimes promote growth under specific conditions, it generally functions
as a growth suppressor[2].

1-picture. Structure of Gibberilinacid
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Gibberellins, particularly gibberellic acid (GAs), play a key role in cell elongation,
seed germination, flowering, and fruit development. They have been extensively used in
agriculture to improve plant growth and productivity[3,4,5,6]. Interestingly, multiple
phytohormones can elicit similar responses; for example, both auxins and gibberellins
promote cell elongation, though through different signaling pathways[5,1,7,8,9].
Moreover, the same hormone can exert different effects depending on the organ or its
concentration, such as auxins promoting shoot elongation while inhibiting root
elongation.

Phytohormones: Classification and Roles

Phytohormones (plant hormones) are organic signaling compounds produced in very
low concentrations that regulate virtually all aspects of plant physiology[2,10,11,12]
These molecules orchestrate groyvth,\devel bment, and environmental responses by
modulating cell division, elongatién, di)ffereétiation, germination, stress tolerance, and
other processes. Major classes of p ytohorf'nones include:

o Auxins (e.g. indole-3-acetic acid), "which promote cell elongation and are
responsible for tropic grewth respenses-such-as phototropismand gravitropism 2. Auxins
also establish apical dominance by inhibiting lateral bud outgrowth[13,14,15,16].

« Cytokinins, which stimulate cell division (CytoKinesis) and work in concert with
auxins to control organogenesis and shoot formation' 3" The balance of cytokinins and
auxins influences whether tissues deyglop into'Shoots-or roots in culture[13,16].

« Gibberellins (GAs), a“family of diterpenoid acids, which are key regulators of
stem elongation, leaf expansion, and seed germination4. GAs promote the breakdown of
seed dormancy and mobilization of nutrient reserves duringgermination[17,18]

o Abscisic Acid (ABA), which chiefly mediates stress responses and seed
dormancy[19,20]. ABA accumulates under drought or salt stress and induces stomatal
closure to conserve water 5 It also enforces dormancy by counteracting the effects of
germination-promoting hormones. :

« Ethylene, a gaseous hormone, which regulates fruit ripening, leaf and flower
abscission, and response to biotic or abiotic stress. (Other hormones such as jasmonic
acid, salicylic acid, brassinosteroids and strigolactones also play specialized regulatory
roles.)

Together, these phytohormones form complex, interconnected signaling networks that
finely tune plant development and environmental adaptation.

Gibberellic Acid (GA): Function

Gibberellins, particularly gibberellic acid (commonly GAs), are central to many
developmental processes. GA’s most prominent roles are in stimulating stem and
internode elongation and in breaking seed dormancy [21]. For example, GA applicationis
a well-known treatment to induce germination of dormant seeds (e.g. Gentiana lutea
seeds germinate at high rates only after GA treatment 6). In vivo, endogenous GA
accumulates in germinating embryos and promotes. a-amylase release in cereal grains,
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mobilizing food reserves for the seedling. GA was first identified through studies of

the “foolish seedling” disease of rice, in which a fungal infection produces excess GA
leading to abnormal elongation[22]. In summary, GA acts as a growth accelerator: it
promotes cell division and elongation in stems and other tissues, and it triggers
developmental transitions such as germination and flowering when conditions are
favorable.

Bromination of Gibberellic Acid: Rationale

Introducing a bromine atom into the GA molecule creates a bromogibberellin analog.
There are two main reasons for this modification. First, substituting hydrogen with
bromine can affect the hormone’s biological activity and transport[23]. It is well known
that halogenated GA analogs often differ in potency compared to natural GA: for
instance, fluorinated gibberellin analogues exhibited lower activity or even acted as
competitive inhibitors of GA action in bioassays 7. By analogy, bromination may
produce an GA derivative with alter’ed\gro '-regulating effects[24]. Such analogs can
help probe the structure—activity "relationswr%j of GA: observing how plant responses
change when a C—H is replaced by a C—Bf can illuminate which molecular features are
critical for hormone function. i

Second, the bromine atom serves as a-spectroscopic handle. A carbon—bromine (C—Br)
bond has a distinct vibrational “signature that can be detected by infrared (IR)
spectroscopy. Thus, brominating GA facilitates analytical.tracking of the molecule: if a
C-Br stretch is observed in‘the“IR spectrum, one ‘can confirm the- ~presence of the
brominated derivative. In-this way jbrominatién not only provides a means to study
altered bioactivity, but also enables s'traightforwafd detection and characterization of the
modified hormone.

Infrared Spectroscopy for Detectmg Brominated GA -~~~

Infrared spectroscopy iis a powerful technique for identifying functional groups in
organic molecules. Each type of chemical bond absorbs IR radiation at characteristic
frequencies. In the case of a carbon—bromine bond, the stretching vibration appears at
relatively low wavenumbers. Typical absorption for'a C=Br stretch lies in the range of
about 690-515 c¢m'8. For example, methylene bromide (CH:Brz) shows a strong C—Br
stretch near 639 cm™'9. Because this region is distinct from most native GA absorptions,
the emergence of a new band around ~600 cm™ in the IR spectrum would indicate
successful bromination.

In practice, one would record the IR spectrum of the brominated GA sample and look
for the characteristic C—Br peak. The intensity of such a band is typically medium to
strong, reflecting the dipole change of the C—Br vibration 10 Thus, IR spectroscopy
provides a non-destructive and definitive method to detect the C—Br bond. In summary,
by brominating GA and examining the IR spectrum, researchers can both verify the
chemical modification (via the C—Br stretch) and study any accompanying changes in
hormone behavior.

Methodology.

Materials
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Gibberellic acid (GAs) of analytical grade was sourced from a certified supplier
in China. All reagents used, including bromine (Br2), glacial acetic acid, and solvents
(e.g., ethanol, hexane), were of reagent-grade purity and used without further
purification. Deionized water was used for all aqueous preparations.

Synthesis of Brominated Gibberellic Acid (GA-Br)

The bromination of gibberellic acid was conducted under controlled laboratory
conditions to selectively introduce a bromine atom into the GA molecular structure. A
weighed amount of GAs (approximately 1.0 g) was dissolved in glacial acetic acid under
stirring at room temperature. Bromine was added dropwise to the reaction mixture under
a fume hood, with constant stirringto ensure homogenous distribution. The reaction was
monitored over several hours, and temperature was maintained between 20-25 °C to
avoid decomposition or uncontrolled side reactions.

Upon completion, the reaction mixture was quenched with ice-cold water to precipitate
the brominated product. The preCiﬁitate éas filtered under vacuum and washed
thoroughly with distilled water to r\e/r)nove\ unredacted bromine and acetic acid residues.

Characterization Techniques ,

The synthesized GA-Br compound was subjected to preliminary qualitative analysis
followed by instrumental-characterization. The follewing methods were used:

o Infrared (IR) Spectroscopy: Samples were analyzed using FTIR in the range of
4000-400 cm™ to identify, characteristic, vibrational bands, with particular focus on
detecting the C—Br bond stretch (<600 cm=!'regton). - G

o Melting Point Determination3Used as & ba3|c purlty check to compare thermal
behavior of GA and GA-Br. | . ‘

« Visual and Microscopic Inspection: The morphology and crystallinity of GA—Br
were assessed using stereomicroscopy prior to additional spectral or chromatographic
methods.

All experiments were performed in triplicate to ensure reproducibility. Safety
precautions were strictly followed due to the reactive nature of bromine.

o O-H stretehing(3200-3400cm™),

o G=0 stretching(1700-1730cm™),

o C-Br stretching (500-600 cm™),
with the latter used to confirm bromination.

Melting Point Determination:

The melting point was recorded usinga capillary method in a digital melting point
apparatus. A change from the melting point of unmodified GA (~232-235°C) indicated
structural modification.

Results

Certainly. Here's an expanded version of the Results section with High-Performance
Liquid Chromatography (HPLC) data added. This integrates seamlessly into your
existingresults and supports compound purity and identity confirmation.

Results

1. Physical Appearance and Yield
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The synthesized brominated gibberellic acid (GA-Br) was isolated as pale
yellow crystalline material after recrystallization. The product demonstrated good crystal
morphology with a final yield of approximately 80%. Solubility tests showed that GA—
Br was moderately soluble in ethanol and chloroform, but poorly soluble in water,
reflecting increased hydrophobicity due to bromination.

2. Infrared (IR) Spectroscopy

FTIR spectra provided clear evidence of successful bromination:

Functional GAs (em) GA-Br (cm™) Interpretation
Group
O-H stretch 3400 3392 Slight shift in
hydrogen bonding
C=0 stretch 1728 1722 Retained lactone
, ) structure
C—H stretch 2935 U\ | £#P30 No major change
C-Br stretch — ® \ 590 New absorption
peak confirming
S C-Br bond
G sHIMADZU
100 —] = ' “Dataitd — |
%T
50
3500 3000 2500 2000 1750 1500 1250 1000 750 500
QATR cm-1

%T
| Gibberilin Acid st

3500 3000 2500 2000 1750 1500 1250 10100 750 500
Sigma cm-1

3. High-Performance Liquid Chromatography (HPLC)

To assess the purity and retention time difference between GAs and GA—Br, both
compounds were analyzed using reverse-phase HPLC.

o Instrument: Agilent 1260 Infinity Il

e Column: C18 (250 mm x 4.6 mm, 5 um)

« Mobile phase: Methanol:Water (70:30 v/v)

\
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. Flow rate: 1.0 mL/min

. Detection wavelength: 254 nm

. Injection volume: 20 ulL
Compound Retention Time (Rt) Peak Area Purity (%)
GAs 3.42 min 99.1%
GA-Br 4.87 min 96.8%

The increase in retention time from GAs to GA—Br reflects increased hydrophabicity
due to bromine substitution. The purity of the final GA-Br product was calculated at
96.8%, confirming successful synthesis with minimal side products.

Discussion

The bromination of GA resulted in significant spectral changes, particularly in the
regions associated with functional groups sensitive to halogenation. The appearance of
the C—Br stretch at 760 cm™ conflrms that bromination has successfully occurred. The
shift in the C—H stretch band |nd|cates that e electronic environment around the GA
molecule has changed, likely due/to the electron -withdrawing nature of the bromine
atom.The changes in the O—H and C=0 stretchmg regions suggest that the bromine atom
may also affect the hydrogen bonding network and the carbonyl group’s ability to interact
with other molecules. “This-'could have implications for” GA’s biological activity,
potentially altering its interaction with plant receptors or enzymes.These findings are
consistent with previous studiesion brominated phytohormones, where halogenation led
to structural modifications that ‘i'nflu‘enced'bioi‘ogical activity. However; further studies
are needed to determinerthe fuII mtpact of these mod|f|cat|ons on GA's physiological
effects in plants. - '

Conclusion ;

Infrared spectroscopy hasprovided valuable insightsinto the structural changes that
occur when gibberellic acid (GA) is brominated to form GA-Br. The study successfully
identified the formation of C—Br bonds and observed shifts in key functional group
bands. These findings suggest that bromination alters the molecular structure of GA,
which may influence its biological activity. Further researchis needed to explore the full
implications of these structural modifications and to assess the potential of brominated
GA derivatives in agricultural applications.
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