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Article Info ABSTRACT

This study presents the synthesis, characterization, and biological evaluation
Article Received: 04 April 2025, of two novel quaternary ammonium  compounds  (QACS):
Article Revised: 24 April 2025, Benzyltrimethylammonium chloride (QAC-1) and

Dodecyltrimethylammonium bromide (QAC-2), with a focus on their
potential as cosmetic preservatives. QAC-1 and QAC-2 were synthesized via
alkylation reactions and characterized by FTIR spectroscopy, which
confirmed the presence of key functional groups such as C—H stretching and
N*-CH3; vibrations. Theoretical and practical yields were calculated, with
QAC-1 showing a significantly higher yield (78.08%) compared to QAC-2
(39.99%). Antibacterial activity was assessed using the cup plate method,
where QAC-1 exhibited a larger zone of inhibition (4.0 cm) than the
standard cetrimide (3.5 cm), while QAC-2 showed moderate activity (3.2
cm). Compatibility studies with common cosmetic excipients revealed good
stability of both QACs with hydrophilic substances like glycerin and
propylene glycol, whereas lipophilic excipients such as stearic acid and cetyl
alcohol led to phase separation or precipitation. These findings highlight
QAC-1 as a promising candidate for application as a novel cosmetic
preservative, particularly in water-based formulations. Further toxicological
and formulation studies are recommended to explore their full potential.
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1. INTRODUCTION

Cosmetic products are an essential part of daily routines
for millions of people worldwide, offering benefits
ranging from aesthetic enhancements to hygiene and
overall well-being. However, one significant challenge
facing the cosmetic industry is microbial contamination,
which can lead to product degradation, loss of efficacy,
and potential health risks to consumers. Microbial
contamination in cosmetics primarily arises during
manufacturing processes, storage, or repeated consumer
usage, introducing bacteria, fungi, and other

microorganisms into the products (Lundov et al., 2009;
Geis et al., 2006).

Preservatives play a pivotal role in cosmetic formulations
by preventing microbial growth, thus ensuring product
safety and extending shelf-life. An ideal preservative for
cosmetic  applications  should  possess  strong
antimicrobial  efficacy, stability —under diverse
formulation conditions, minimal interactions with other
ingredients, low toxicity, and limited potential for
causing allergic reactions or skin irritation (Kabara &
Orth, 1997; Elder, 1984).
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Traditionally,  preservatives such as parabens,
formaldehyde-releasing agents, and isothiazolinones
have been extensively utilized in cosmetics due to their
efficacy and broad-spectrum antimicrobial activity.
However, growing concerns regarding their safety,
potential toxicity, and allergenic properties have led
consumers and regulatory agencies to demand safer and
more sustainable preservative alternatives (Soni et al.,
2005; de Groot & White, 2001). Consequently, the
cosmetics industry is actively seeking novel
antimicrobial compounds that meet consumer safety
expectations  without compromising antimicrobial
effectiveness.

Quaternary ammonium compounds (QACSs) represent a
class of cationic surfactants widely recognized for their
antimicrobial properties and have been used extensively
in various applications, including disinfectants,
antiseptics, and preservatives in pharmaceuticals, food
processing, and cosmetics (McDonnell & Russell, 1999).
The effectiveness of QACs against microorganisms is
primarily due to their ability to disrupt microbial cell
membranes, leading to cellular leakage and subsequent
microbial death (Gilbert & Moore, 2005). The structural
variability and physicochemical versatility of QACs
enable their fine-tuning for specific applications, making
them promising candidates for novel cosmetic
preservatives.

Recent research has highlighted the potential of QACs as
antimicrobial agents due to their efficacy against Gram-
positive and Gram-negative bacteria, fungi, and viruses
(Satari et al., 2012). However, the application of QACs
in cosmetics has encountered limitations such as irritancy
and potential interactions with other formulation
ingredients, influencing their stability and efficacy (Orth
et al., 2014). Therefore, the development of novel QACs
tailored explicitly for cosmetic use with improved
compatibility profiles is essential.

In response to these needs, this study focuses on

synthesizing two novel QACs—
Benzyltrimethylammonium  chloride (QAC-1) and
Dodecyltrimethylammonium  bromide  (QAC-2)—
evaluating their structural properties, antimicrobial

activity, and compatibility with commonly used cosmetic
ingredients. Benzyltrimethylammonium chloride has
previously demonstrated notable antimicrobial activities
in non-cosmetic contexts, supporting its consideration as
a preservative candidate in cosmetic formulations
(Langsrud et al., 2016). Similarly, dodecyl-based QACs
are renowned for their effective antimicrobial
performance, particularly against challenging microbial
contaminants (Zheng et al., 2013).

Fourier Transform Infrared Spectroscopy (FTIR) is
utilized in this research to confirm the molecular
structures and functional groups of the synthesized
QACs, ensuring their chemical identity and purity
(Smith,  2011). Following characterization, the
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synthesized QACs' antimicrobial efficacy is assessed
against common microbial contaminants, including
species frequently associated with cosmetic spoilage and
dermatological infections, such as Staphylococcus
aureus, Escherichia coli, and Candida albicans (Geis et
al., 2006).

Additionally, compatibility studies are essential to
determine the practical applicability of QACs within
cosmetic formulations. These evaluations consider
interactions between QACs and commonly used
hydrophilic excipients to ensure formulation stability,
preventing any adverse reactions that could compromise
product quality or consumer safety (Kabir et al., 2004).

Through this comprehensive approach, the present
research aims to bridge the existing gap in knowledge
regarding the effective integration of QACs as
preservatives in cosmetic formulations. By addressing
both antimicrobial effectiveness and compatibility issues,
this study seeks to identify novel compounds capable of
overcoming current limitations associated  with
traditional preservatives.

Ultimately, the successful introduction of these novel
QACs could lead to safer cosmetic products with
enhanced protection against microbial contamination,
aligning with current regulatory demands and consumer
expectations for efficacy, safety, and sustainability. The
findings of this research are expected to provide
significant contributions to the cosmetic industry,
guiding future developments of safer and more efficient
preservative systems.

2. MATERIALS AND METHODS

The synthesis of novel quaternary ammonium
compounds (QACSs) involved the use of benzyl chloride
and dodecyl bromide as alkyl halide reactants, weighing
12.65 g (0.1 mol) for QAC-1 and 24.92 g (0.1 mol) for
QAC-2, respectively. Trimethylamine, weighing 5.91 g
(0.1 mol), was employed as the tertiary amine reactant.
Ethanol (50 mL) served as the solvent for facilitating the
reaction, while diethyl ether (50 mL) was used optionally
as a precipitation reagent. The reaction was carried out in
a 250 mL round-bottom flask equipped with a reflux
setup, including a condenser, heating mantle or hot plate,
and magnetic stirrer. An ice bath was employed to
control the exothermic nature of the reaction, and a
vacuum filtration setup was used for isolating the
synthesized products.

Initially, benzyl chloride or dodecyl bromide was added
to the round-bottom flask along with ethanol. The
mixture was stirred continuously, and trimethylamine
was gradually introduced while maintaining the
temperature using an ice bath to manage the exothermic
reaction. Subsequently, the reaction mixture was heated
under reflux at 60-70°C for 4-6 hours, and reaction
progress was monitored visually through changes in
viscosity or clarity.
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Upon completion of the reaction, the mixture was cooled
to room temperature, and if precipitation did not
spontaneously occur, diethyl ether was added to promote
crystallization of the QACs. The precipitates formed
were then collected via vacuum filtration and washed
with 10-15 mL of cold ethanol to remove any residual
impurities and unreacted reactants. Finally, the isolated
products were dried using a vacuum desiccator or oven at
40-50°C until a constant weight was achieved.

Characterization of the synthesized QACs was conducted
using Fourier Transform Infrared Spectroscopy (FTIR),
verifying the chemical structures by identifying
characteristic functional group absorption bands.

For antibacterial evaluation, microbial contamination
sourced from tap water was employed. The antibacterial
efficacy was determined using the Cup Plate Method,
measuring the zones of inhibition around samples to
assess antimicrobial activity.

Lastly, compatibility studies were conducted by testing
the stability and potential interactions of the synthesized
QACs with common hydrophilic cosmetic ingredients.
These evaluations included observation for any physical
or chemical changes that could influence the stability or

Table 1: Yield of Synthesized QACs.
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performance of the compounds within cosmetic
formulations.

3. RESULTS AND DISCUSSION

The synthesized QACs, QAC-1
(Benzyltrimethylammonium  chloride) and QAC-2

(Dodecyl trimethylammonium bromide), were evaluated
for yield, physical properties, and antibacterial activity.
Practical yields obtained were 78.08% and 39.99% for
QAC-1 and QAC-2, respectively. Characterization
confirmed the compounds’ identities and purity, with
FTIR spectra exhibiting characteristic functional group
vibrations. QAC-1 showed prominent peaks at 3020—
2800 cm™ (C—H stretch), 1470 cm™ (C-H bend), and a
distinct N*~CH3 peak at 800 cm™. QAC-2 demonstrated
absorption at 2920 and 2850 cm™ (C-H stretch), and
N*—CHy3 stretching within 950-800 cm™ range.

Antibacterial assessments indicated superior activity of
QAC-1 (zone of inhibition: 4 cm) compared to the
standard cetrimide (3.5 cm). QAC-2 displayed moderate
efficacy (3.2 cm). Compatibility studies indicated that
both QACs were stable and compatible with hydrophilic
excipients like glycerin and propylene glycol, although
phase separation occurred with lipophilic components
such as stearic acid and cetyl alcohol.

Compound Theoretical Yield (g) Practical Yield (g) Yield (%)

QAC-1 18.57 14.50 78.08

QAC-2 30.83 12.33 39.99

Table 2: Characterization of Synthesized QACs.
Property QAC-1 QAC-2
Appearance White crystalline solid Off-white waxy solid
l:ggletz%r:?r Formula (Probable from CroH1cCIN CucHasBIN
Molar Mass (g/mol) (Probable) 185.69 308.33
Melting Point (°C) 239-243 240-243
Solubility (Water) Soluble Soluble
Solubility (Ethanol) Soluble Slightly soluble
3020-2800 (C—H stretch), 1470 2920, 2850 (C—H stretch), 1470
FTIR Peaks (cm™) (C—H bend), (C—H bend),
800 (N*—C), 730 (aromatic) 950-800 (N*-C)

Mass Spectrum [M*] (m/z) 185 (M*), 126 (M—CI") 308 (M*), 229 (M-Br")
Conductivity (uS/cm) ~1100 (1% solution) ~950 (1% solution)
pH (1% ag. solution) 6.5-7.5 6.0-7.0
Antibacterial Activity 1ZD: 4 1ZD: 3.2

Table 3: Antibacterial Activity of QACs.

Compound Zone of Inhibition (cm) | % Activity (vs Cetrimide)
Cetrimide (Standard) 3.5 100

QAC-1 4.0 114.2

QAC-2 3.2 91.4
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Figure 1: FTIR Spectrum of QAC-1.
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Figure 1: FTIR Spectrum of QAC-2.

Table 3: Compatibility of QACs with Cosmetic Excipients.

Excipient QAC-1 Compatibility | QAC-2 Compatibility | Observation

Glycerin Compatible Compatible Clear solution, stable
Propylene glycol Compatible Compatible Stable solution

Cetyl alcohol Moderately Compatible | Incompatible Turbidity and separation
Stearic acid Incompatible Incompatible Ereel:sii)istzgi%rr?non and
Tween 80 Compatible Compatible Clear and stable

4. CONCLUSION

This study successfully synthesized and characterized
two novel quaternary ammonium compounds, QAC-1
and QAC-2, intended for cosmetic applications. The
structural ~ confirmation via FTIR and other
physicochemical analyses established their identities and
purities. QAC-1 demonstrated superior antibacterial
activity compared to both QAC-2 and the standard
cetrimide, indicating its potential as a more effective
preservative. Compatibility studies further supported the
integration of these compounds, especially QAC-1, into

water-based cosmetic formulations due to their stability
with commonly used hydrophilic excipients. Although
QAC-2 exhibited lower vyield and antibacterial
performance, it still maintained compatibility with select
ingredients. These findings suggest that QAC-1 holds
significant promise for use as a novel, efficient
preservative in cosmetic products. However, further in-
depth studies on toxicity, formulation behavior, and
regulatory compliance are recommended before
commercial application.
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