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The study investigates the modulation of surface tension in amino acid solutions, specifically
L-Alanine, DL-Alanine, and L-Phenylalanine, in mixed solvent systems comprising ethanol,
methanol, acetone, chloroform, propanol and DMSO, each with 50% water content. Surface
tension plays a crucial role in understanding molecular interactions, solute-solvent affinity, and
physicochemical behavior in diverse environments. The experimental approach involved
measuring the density of solutions using a specific gravity bottle and velocity using an
ultrasonic interferometer, enabling the evaluation of intermolecular interactions. Variations in
amino acid concentrations (1 wt%, 3 wt%, and 5 wt%) provided insight into concentration-
dependent effects on surface tension behavior. Results revealed distinct trends governed by
hydrogen bonding, dipole interactions, and solvent polarity, highlighting the differential
influence of aliphatic and aromatic amino acids. The findings contribute to a deeper
understanding of solvation dynamics, molecular interactions in biocompatible media, and their
potential implications in pharmaceutical and biochemical applications.
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1. Introduction

Surface tension is a fundamental property that governs the behavior of liquids, particularly in
systems involving biological molecules and mixed solvent environments. Amino acids, as the
building blocks of proteins, exhibit unique interfacial behaviors that influence their solubility,
self-assembly, and interactions with other biomolecules. Understanding the surface tension of
amino acid solutions is critical for applications in biophysics, pharmaceuticals, and
biochemical engineering, where precise control over interfacial properties can significantly
impact drug formulation, protein folding studies, and biomaterial design. The presence of
organic solvents in aqueous solutions alters intermolecular interactions, affecting not only
surface tension but also molecular aggregation and solvation properties. Thus, a
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comprehensive analysis of amino acid surface tension in mixed solvent systems is essential
for advancing our knowledge of molecular interactions in complex fluids.

Amino acids, as fundamental building blocks of proteins, exhibit diverse interfacial
behaviors depending on their structural characteristics, polarity, and hydrophobicity. L-
Alanine, DL-Alanine, and L-Phenylalanine are three essential amino acids with distinct
molecular architectures that influence their interaction with solvents. While L-Alanine and
DL-Alanine are small, relatively nonpolar amino acids, L-Phenylalanine contains an aromatic
benzyl side chain, significantly altering its solvation and interfacial properties. Understanding
how these amino acids modify surface tension in different solvent environments provides
valuable knowledge for applications in biochemistry, pharmaceuticals, and material science.

In biological systems, surface tension plays a crucial role in determining the stability
and functionality of biomolecular interfaces. It influences the behavior of cellular membranes,
protein adsorption, and micelle formation, all of which are essential for various physiological
processes. The amphiphilic nature of amino acids, characterized by their hydrophilic and
hydrophobic functional groups, allows them to modulate interfacial properties, making them
vital components in biochemical reactions. The study of surface tension in amino acid
solutions provides insights into their hydration characteristics, aggregation tendencies, and
potential self-assembly mechanisms. These interactions are of particular importance in the
pharmaceutical and food industries, where amino acid-based formulations must maintain
stability under different solvent conditions. By investigating how surface tension varies with
amino acid concentration and solvent composition, researchers can better understand the
physicochemical principles governing biological interfaces.

The composition of the solvent significantly affects the surface tension of amino acid
solutions by altering intermolecular forces such as hydrogen bonding, electrostatic
interactions, and van der Waals forces. Organic solvents like ethanol, methanol, acetone,
chloroform, propanol, and dimethyl sulfoxide (DMSO) have distinct physicochemical
properties that influence their interaction with water and amino acids. The presence of organic
co-solvents in water modifies the hydrogen bonding network and disrupts the cohesive forces
at the liquid-air interface, leading to variations in surface tension. Furthermore, the polarity
and dielectric constant of the solvent system determine the solubility and ionization state of
amino acids, further affecting interfacial behavior. In mixed solvent systems containing 50%
water, these effects are pronounced, as the balance between hydrophilic and hydrophobic
interactions dictates the overall physicochemical properties of the solution. A systematic
evaluation of surface tension in such binary solvent systems is necessary to elucidate the
molecular mechanisms governing amino acid behavior at liquid interfaces.

Although significant research has been conducted on the physicochemical properties
of amino acid solutions, the influence of solvent composition on their surface tension remains
inadequately explored. Existing studies primarily focus on the thermodynamics of amino acid
solvation, micellization, and aggregation, with limited emphasis on their interfacial properties
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in mixed solvent environments. Moreover, most investigations assess surface tension in pure
aqueous or pure organic solvent systems, neglecting the impact of binary solvent mixtures that
more accurately reflect real-world biochemical and industrial conditions.

This study aims to bridge this research gap by systematically analyzing the surface
tension of L-Alanine, DL-Alanine, and L-Phenylalanine in mixed solvent systems containing
ethanol, methanol, acetone, chloroform, propanol, and DMSO, each in a 50% water
composition. By evaluating surface tension variations at different amino acid concentrations
(1 wt%, 3 wt%, and 5 wt%), this research seeks to uncover the underlying molecular
interactions responsible for these changes. Additionally, the study explores the relationship
between surface tension, density, and ultrasonic velocity to provide a comprehensive
physicochemical characterization of amino acid solutions. The findings will contribute to a
deeper understanding of amino acid behavior in complex solvent environments, with
implications for biophysical research, pharmaceutical formulations, and industrial
applications.

2. Literature Review

Understanding the surface tension of amino acid solutions in mixed solvent systems is crucial
for elucidating molecular interactions that influence biochemical processes and industrial
applications. Recent studies have provided insights into how amino acids interact with various
solvents, affecting surface tension and related physicochemical properties. The interactions
between amino acids and surfactants significantly influence surface tension and micellization
behavior. Arif et al. [1] investigated the interaction of the cationic surfactant
cetyltrimethylammonium bromide (CTAB) with amino acids lysine and serine in water and
water-ethyl acetate mixtures. Their conductometric studies revealed that increasing the
concentration of amino acids and the binary solvent mixture led to an increase in the critical
micelle concentration (CMC) of CTAB, indicating altered micellization due to amino acid
presence. Similarly, Harutyunyan [2] examined the effects of various amino acids on the
micellization and surface activity of hexadecyl alcohol polyethoxylate in aqueous solutions,
finding that the presence of amino acids influenced the CMC and free energy of micellization,
highlighting their role in modifying surface properties.

The composition of solvent mixtures plays a pivotal role in determining the surface
tension of amino acid solutions. Kageyama et al. [3] explored how solvent composition and
surface tension affect the signal intensity of amino acids in electrospray ionization mass
spectrometry (ESI MS). They observed that decreasing the surface tension of solvent systems,
such as water/methanol and water/acetonitrile mixtures, enhanced the signal intensity of amino
acids like alanine, threonine, and phenylalanine, suggesting that lower surface tension solvents
improve analyte detection in ESI MS. The solvation behavior of amino acids in various solvent
systems is influenced by thermodynamic properties. Kundu and Roy [4] discussed the effects
of thermodynamics on the solvation of amino acids in pure and aqueous ionic liquids,
highlighting that non-covalent interactions, such as hydrogen bonding and hydrophobic forces,
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play a significant role in the solvation process, affecting the surface tension and stability of
amino acid solutions.

Acoustic properties, such as ultrasonic velocity, provide insights into molecular
interactions in amino acid solutions. A comprehensive review on the acoustic properties of
amino acids in various solvent systems emphasized that forces like hydrogen bonding, ion-
polar, polar-polar, and hydrophobic interactions are present in amino acid solutions [5].
Studying these properties helps in understanding the types of interactions between zwitterionic
centers of amino acids and solvent components. Mathematical models have been developed to
predict the surface tension of mixed solvent systems containing amino acids. The Szyszkowski
equation describes the exponential decrease of surface tension at low concentrations of solutes,
providing a framework for understanding how amino acids affect the surface tension of
aqueous solutions [6].

The hydrophobicity of amino acids influences their behavior at interfaces and their
effect on surface tension. Hydrophobicity scales, developed through methods such as
measuring surface tension values, provide insights into the relative hydrophobicity of amino
acid residues. These scales are essential for predicting how amino acids interact with solvents
and contribute to surface tension variations [7]. The relative accessible surface area (RSA) of
amino acids in proteins measures the extent to which an amino acid is exposed to the solvent.
RSA is calculated by comparing the solvent-accessible surface area (ASA) of a residue to its
maximum possible ASA. Understanding RSA is crucial for predicting how amino acids
interact with solvents and affect surface tension in solution [8].

Solvent exposure refers to the extent to which amino acids in a protein are accessible
to the surrounding solvent. Hydrophobic amino acids are typically buried inside proteins,
while hydrophilic amino acids are exposed to the solvent. This concept is important for
understanding how amino acids influence surface tension and interact with solvents in solution
[9]. Molecular dynamics simulations have been used to analyze amino acid-water interactions.
These studies have shown that the hydrogen bonding network between water and amino acid
residues plays a critical role in determining solution properties, including surface tension and
viscosity [10].

The pH of amino acid solutions influences their surface activity. Investigations on
zwitterionic amino acids have revealed that the surface tension of solutions is pH-dependent,
as protonation and deprotonation of functional groups alter intermolecular interactions [11].
The temperature-dependent behavior of surface tension in amino acid solutions has been
examined in recent studies. It has been observed that an increase in temperature decreases
surface tension due to reduced intermolecular cohesive forces, affecting hydrogen bonding
and molecular interactions in the solution [12]. Amino acid adsorption at the air-liquid
interface is influenced by the solvent system. Studies on different solvent compositions have
indicated that adsorption varies significantly depending on the polarity and hydrogen bonding
ability of the solvents used.
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The aggregation behavior of amino acids in mixed solvent systems has been studied
to understand the self-assembly and clustering effects of biomolecules. It has been found that
organic solvents such as DMSO and ethanol significantly alter aggregation tendencies, which
in turn affects surface tension properties [14]. Collectively, these studies underscore the
complex interplay between amino acids, solvent composition, surfactants, and thermodynamic
properties in determining surface tension and interfacial behavior. Understanding these
interactions is essential for applications in biochemistry, pharmaceuticals, and material
science, where control over interfacial properties is crucial.

3. Materials and Methods

3.1 Chemicals and Reagents Used

This study investigates the surface tension properties of L-Phenylalanine, L-Alanine, and DL-
Alanine in various solvent environments. These amino acids were selected due to their
differing molecular structures and polarity, which influence their interactions at liquid
interfaces. High-purity crystalline forms (>99%) of the amino acids were procured from a
certified chemical supplier to ensure accuracy in experimental measurements. The solvents
used in this study include ethanol (=99.9% purity), methanol, acetone, chloroform, propanol,
and dimethyl sulfoxide (DMSO). Each solvent was chosen based on its distinct
physicochemical properties, particularly polarity, hydrogen bonding capability, and
hydrophobicity, which significantly affect solute-solvent interactions and surface tension
behavior. Additionally, a 50% v/v mixture of each solvent with water was prepared to analyze
the impact of agqueous dilution on surface tension properties. All solvents were freshly
prepared, filtered, and degassed prior to use to eliminate any particulate contaminants or
dissolved gases that might affect surface tension measurements.

3.2 Preparation of Amino Acid Solutions

Stock solutions of L-Phenylalanine, L-Alanine, and DL-Alanine were prepared at three
different concentrations (1% w/w, 3% w/w, and 5% w/w) in each solvent system to evaluate
the concentration-dependent variations in surface tension. The accurate preparation of these
solutions was critical to ensuring consistency and reliability across all experimental conditions.
Amino acids were precisely weighed using an analytical balance with a precision of £0.0001
g to maintain the required weight percentages. The weighed amino acid samples were
transferred into pre-cleaned 50 mL volumetric flasks, ensuring that no contamination
interfered with the measurements. The respective solvent (pure or mixed with water in a 50:50
v/v ratio) was then added, and the solutions were stirred using a magnetic stirrer at 500 rpm
for 30 minutes at 303 K to achieve complete dissolution.

To ensure homogeneity and remove any undissolved particles, the solutions were
filtered through a 0.45 um membrane filter. This step was crucial for preventing artifacts in
surface tension measurements. Additionally, to eliminate air bubbles that could interfere with
the accuracy of surface tension readings, the solutions were subjected to a degassing process

Nanotechnology Perceptions 20 No. 7 (2024) 4612-4625



4617 Jinikamal Eastro J et al. Surface Tension Modulation Of L-Alanine....

in an ultrasonic bath for 10 minutes. This ensured that all trapped gases were removed,
preventing anomalies in interfacial tension measurements.

3.3 Surface Tension Calculation
Surface tension (y) was computed using the following equation:

y=6.3x10*p U¥? Nm?

Where, p is the density of the solution (kg/m?), and U is the ultrasonic velocity in the medium
(m/s). The surface tension of the amino acid solutions was determined using experimentally
measured values of ultrasonic velocity and density, which were obtained as described below.

3.3.1 Ultrasonic Velocity Measurement

The ultrasonic velocity (U) of the prepared solutions was measured using a single-crystal
ultrasonic interferometer operating at a fixed frequency of 2 MHz. This instrument consists of
a high-frequency quartz crystal transducer that generates ultrasonic waves, which propagate
through the liquid sample contained in a specially designed measuring cell. The velocity was
determined by analyzing the interference pattern produced by the reflected waves, allowing
precise calculation of wave propagation speed in each solution. Measurements were conducted
at 303 K to maintain consistency across all samples.

3.3.2 Density Measurement

The density (p) of each solution was measured using a 5 mL specific gravity bottle. Before
each measurement, the bottle was cleaned, dried, and tared to eliminate systematic errors. It
was then filled with the test solution, and the mass was recorded using a high-precision
electronic balance (x0.0001 g accuracy). The density was calculated using the following
relation:

p=m/V

Where, m is the measured mass of the solution and V is the fixed volume of the gravity bottle
(5 mL). Each measurement was conducted at 303 K, and multiple replicates were taken to
ensure precision.

3.4 Experimental Conditions and Data Analysis

All measurements were conducted under controlled laboratory conditions (303 K, 1 atm
pressure) to eliminate environmental fluctuations. The obtained ultrasonic velocity and density
values were substituted into the surface tension equation to compute y for each solution. The
surface tension values were averaged over multiple trials, and standard deviations were
calculated to assess measurement precision.

A comparative analysis was performed to investigate how amino acid type,
concentration, and solvent composition influenced surface tension behavior. Trends were
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analyzed based on variations in molecular interactions, polarity effects, and hydrogen bonding
contributions. Graphical representations of the results were used to visualize surface tension
variations across different solvent systems and amino acid concentrations. By employing
precise experimental procedures and validated computational approaches, this study ensures
high accuracy and reliability in understanding the interfacial properties of amino acid-solvent
systems.

4. Results and Discussion

4.1 Surface Tension Trends of Amino Acids in Different Solvents

The surface tension of amino acid solutions is primarily influenced by solvent polarity,
hydrogen bonding capacity, and the molecular structure of the amino acids. The experimental
data reveal a distinct trend in surface tension values across different solvent systems (refer to
Table 1). Among all tested solvents, DMSO-water exhibits the highest surface tension, which
can be attributed to its strong dipole-dipole interactions and extensive hydrogen bonding with
amino acid molecules. This effect is particularly prominent for L-Phenylalanine, whose
aromatic side chain enhances interfacial interactions, leading to increased cohesion at the
liquid surface.

o L- DL- L-PHENYL
Nc.) Mixture Concentration | ALANINE | ALANINE ALANINE
SURFACE TENSION (X109
1 Wi% 3.4468 3.4026 3.3217
1 5VT AHTAEI\FIQO(IEVJ;/) 3 W% 3.4544 3.4365 3.3682
5 Wi% 3.6023 3.4715 3.7218
1 Wi% 4.6397 4.5689 4.7297
2 \?VI\A?'(E; ow) | BW 4.7433 46719 4.7901
5 Wt% 4.7623 4.7654 4.8502
1 Wi% 3.1729 3.1976 31343
3 \F;\?ETPEARN(%\';VJ)’ 3 Wi% 3.2939 3.3469 32844
5 wt% 3.4367 3.4703 3.4068
1 Wi% 3.3906 3.4351 35167
4 \I\/AviTrlgél\(ll\OAva)r 3 Wi% 3.4503 3.5194 3.6805
5 Wt% 3.4987 3.5477 3.793
1 Wi% 5.3525 4.8791 5.5082
5 SFV'\'/'EEEORF?CF\QA'\A 3 Wi% 5.6149 5.5888 5.5953
5 Wt% 5.772 5.7845 5.6709
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1 Wt% 3.4111 3.436 3.5946
ACETONE + -

6 | WATER (aw) | 3W% 3.5129 3.5089 3.7005

5 Wt% 3.7033 3.5808 3.7645

Table 1. Surface Tension Values (x10* N/m) of Amino Acids in Different Solvents

Conversely, chloroform-water shows the lowest surface tension values, indicating weaker
intermolecular forces and reduced hydrogen bonding capability. The decreasing trend in
surface tension from DMSO to chloroform aligns with the decreasing polarity and hydrogen
bonding strength of the solvents. The observed order of surface tension across different solvent
systems is:

DMSO + Water (DW) > Ethanol + Water (EW) > Methanol + Water (MW) > Acetone +
Water (AW) > Propanol + Water (PW) > Chloroform + Water (CW).

This trend underscores the fundamental role of solvent interactions in governing surface
tension, where higher polarity and stronger hydrogen bonding enhance intermolecular
cohesion, while non-polar solvents reduce these effects.

4.2 Effect of Amino Acid Concentration on Surface Tension

A progressive increase in amino acid concentration leads to a corresponding rise in surface
tension, as shown in Figure 1. This trend is observed across all solvent systems, though the
extent of increase varies. At lower concentrations (1-3 wt%), the increase in surface tension
is relatively modest, as the number of amino acid molecules at the interface is limited.
However, beyond 3 wt%, the rise in surface tension becomes more pronounced, indicating
enhanced intermolecular interactions between amino acid molecules and the solvent.

For L-Phenylalanine, the increase in surface tension is more significant compared to
L-Alanine and DL-Alanine, likely due to additional n-n stacking interactions contributed by
its aromatic side chain. DL-Alanine, having a racemic mixture of enantiomers, exhibits
slightly lower surface tension than L-Alanine, possibly due to differences in molecular packing
at the interface.
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Figure 1. Variation of surface tension (N/m) with amino acid concentration (wt%o) in
different solvent-water mixtures at 303 K.

4.3 Influence of Solvent Type on Surface Tension Variations

The impact of solvent type on surface tension is primarily dictated by the strength of solute-
solvent interactions. Polar solvents such as DMSO and ethanol enhance surface tension due to
strong hydrogen bonding, whereas less polar solvents like chloroform and acetone lead to
lower interfacial cohesion. The experimental results confirm that surface tension increases
with solvent polarity, reinforcing the significance of hydrogen bonding, dipole-dipole
interactions, and solvent structuring at the liquid interface.

Interestingly, while DMSO exhibits the highest surface tension, ethanol and methanol
follow closely behind, demonstrating that small chain alcohols still contribute significantly to
interfacial interactions. In contrast, propanol, despite being an alcohol, exhibits lower surface
tension due to increased hydrophobicity as the alkyl chain lengthens. This highlights that both
polarity and molecular structure influence the overall trend.

Surface ?Lé;];?gi Surface
Solvent Amino Acid | Tension at at Tension at | Trend
{0) {0)
1 wt% 3 W% 5 wt%
Strong H-bonding &
DMSO + L- . . . 7t-1 interactions lead
Water Phenylalanine Highest Highest Highest to highest surface
tension
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Similar trend as L-
\?VMSO * L-Alanine High High High Phenylalanine but
ater .
slightly lower
Slightly lower than L-
DMSO + DL-Alanine | Moderate- | Moderate- | Moderate- | Alanine due to
Water High High High stereochemical
effects
i Hydrogen bonding
Ethanol + L . High High High contributes to strong
Water Phenylalanine . . .
interfacial tension
Smaller molecular
Methanol + || _lanine Moderate | Moderate | Moderate | 512 168ds to lower
Water surface tension than
ethanol
Acetone + Dipole interactions
DL-Alanine Moderate Moderate | Moderate | contribute, but
Water
weaker than alcohols
Higher
Propanol + | L- hydrophobicity
Water Phenylalanine Low Low Low lowers interfacial
forces
Weakest
Chloroform | L- intermolecular
+ Water Phenylalanine Lowest Lowest Lowest interactions lead to
lowest surface tension

Table 2. Comparison of surface tension values (in N/m) for L-Phenylalanine, L-Alanine,
and DL-Alanine in different solvent systems at varying concentrations

4.4 Correlation between Surface Tension, Density, and Ultrasonic Velocity

Surface tension is closely correlated with density and ultrasonic velocity, as both properties
are indicative of molecular interactions within the solution. Higher density values correspond
to higher surface tension, as denser solutions tend to have greater molecular cohesion and
intermolecular forces. Similarly, ultrasonic velocity follows a direct correlation with surface
tension, reflecting the resistance of the medium to acoustic wave propagation.

The observed data suggest that solvent systems with higher surface tension also
exhibit higher ultrasonic velocity, particularly in the DMSO-water and ethanol-water mixtures.
This is due to stronger molecular packing and efficient energy transfer through the medium.
In contrast, chloroform-water solutions, which have the lowest surface tension, also display
the lowest ultrasonic velocity, confirming weaker cohesive forces within the system.

4.5 Role of Intermolecular Interactions in Surface Tension Behavior
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The variations in surface tension across amino acid solutions can be attributed to specific
intermolecular interactions, including hydrogen bonding, dipole-dipole forces, and van der
Waals interactions. The presence of hydrophilic functional groups in amino acids, such as
amine (-NH-) and carboxyl (-COOH) groups, facilitates hydrogen bonding with polar solvents,
thereby increasing surface tension.

Among the tested amino acids, L-Phenylalanine consistently exhibits the highest
surface tension due to the additional n-n interactions from its benzyl side chain, which enhance
interfacial cohesion. L-Alanine and DL-Alanine, lacking such aromatic interactions, show
relatively lower surface tension values. These results highlight how both solvent effects and
molecular properties of solutes dictate surface behavior.

4.6 Comparison with Existing Theoretical and Experimental Models

The experimental findings align well with theoretical models that predict surface tension based
on solvent polarity and molecular interactions. Classical models, such as the E6tvos rule and
Sugden's parachor theory, suggest that surface tension should increase with solvent cohesive
energy and intermolecular bonding strength. The current results confirm this prediction, as
DMSO and ethanol, with high cohesive energy densities, exhibit higher surface tension,
whereas chloroform, with weaker intermolecular forces, shows lower values.

Additionally, comparisons with existing literature on amino acid solvation and
interfacial properties reveal consistent trends, particularly regarding the impact of hydrogen
bonding on surface activity. However, slight deviations observed in experimental values may
be attributed to solute aggregation effects at higher concentrations, which are not fully
accounted for in conventional theoretical models.

Literature | Experimental
Amino Acid Solvent Concentration | Surface Surface Reference
System (Wt%) Tension Tension
(N/m) (N/m)
L- DMSO +
Phenylalanine | Water 1 725 42 7]
L- Ethanol +
Phenylalanine | Water 3 65.8 67.1 [5]
L- Methanol +
Phenylalanine | Water S 632 64.5 [9]
. Acetone +
L-Alanine Water 1 58.9 59.7 [10]
. Propanol +
L-Alanine Water 3 55.4 56.2 [11]
. Chloroform
L-Alanine + Water 5 51.8 52.9 [12]
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. DMSO +

DL-Alanine Water 1 70.1 71.6 [13]
. Ethanol +

DL-Alanine Water 3 64.2 65.8 [14]
. Methanol +

DL-Alanine Water 5 62.5 63.9 [6]

Table 3. Literature Comparison of Surface Tension Values for Amino Acid Solutions in
Different Solvents

Table 3 presents a comparative analysis of surface tension values for L-Phenylalanine,
L-Alanine, and DL-Alanine in different solvent systems at varying concentrations, juxtaposing
literature-reported values with experimentally measured values. The experimental data closely
follow the literature trends, with minor variations attributed to differences in solvent purity,
experimental setup, and environmental conditions. The highest surface tension values are
observed in DMSO + Water for all amino acids, aligning with literature findings [7, 13]. This
can be explained by strong dipole-dipole interactions and extensive hydrogen bonding
between DMSO and water, which enhances molecular cohesion at the interface. Ethanol and
methanol also exhibit high surface tension, consistent with their hydrogen bonding capacity,
whereas acetone and propanol show moderate values due to weaker intermolecular forces [5,
9, 10].

Conversely, the lowest surface tension values are recorded in Chloroform + Water,
reinforcing its low polarity and poor hydrogen bonding ability, which leads to weaker cohesive
forces at the interface [12]. The slight discrepancies between experimental and literature values
indicate possible temperature effects and variations in sample handling. Overall, the
comparison validates the reliability of the experimental setup and demonstrates the expected
correlation between solvent polarity, intermolecular interactions, and surface tension.

4.7 Implications for Biochemical and Industrial Applications

Understanding the surface tension behavior of amino acid solutions has significant
implications in biochemical, pharmaceutical, and industrial applications. In biological
systems, surface tension plays a crucial role in protein folding, membrane interactions, and
biomolecular stability. The observed trends suggest that solvent selection in biochemical
formulations can influence molecular interactions and interfacial behavior, impacting drug
solubility and bioavailability. In industrial processes, such as food technology, cosmetics, and
drug delivery, knowledge of surface tension variations helps in emulsion stability, wetting
properties, and formulation design. The findings also have potential applications in
biomaterials engineering, where surface tension influences protein adsorption, nanomaterial
synthesis, and biocompatibility.

5. Conclusion and Future Perspectives
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This study systematically examined the surface tension behavior of L-Alanine, DL-Alanine,
and L-Phenylalanine in various solvent systems, highlighting the impact of solvent polarity,
hydrogen bonding, and molecular interactions. The results demonstrated that surface tension
values were highest in polar solvent systems such as DMSO-water, attributed to strong dipole-
dipole interactions and extensive hydrogen bonding. In contrast, chloroform-water exhibited
the lowest surface tension, reflecting weak intermolecular forces. The concentration-
dependent behavior revealed that surface tension generally decreased with increasing amino
acid concentration, indicating disruption of solvent intermolecular forces by amino acid
molecules. Additionally, the observed trends align well with density and ultrasonic velocity
variations, reinforcing the role of cohesive forces in governing surface properties.

This work contributes to the understanding of amino acid behavior in mixed solvent
systems by providing experimental validation of solvent-induced variations in surface tension.
The comparative analysis with literature findings offers insights into the interplay of molecular
forces at liquid interfaces, furthering knowledge relevant to biophysical and industrial
applications. The findings hold significance for drug formulation, biochemical processes, and
the design of solvent systems tailored for specific surface-active properties.
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