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The diversity of both natural and non-natural amino acids
provides a strong foundation for the synthesis of a wide array
of surfactants and offers the possibility to control the in-
teractions at interfaces and within self-assembly processes.
This review provides an overview of the latest developments of
amino acid-based surfactant over the past decade, with a
particular focus on the past five years. A detailed overview of
the synthesis is first given, and physicochemical properties of
surfactants derived from both standard amino acids, and non-
natural amino acids are discussed. From enhancing foaming to
controlling rheological properties, these surfactants meet a
wide range of application-specific requirements. This is illus-
trated in various fields, such as drug delivery or mineral ore
flotation.
Although single amino acid derivatives have been deeply
explored, surfactants based on multiple amino acids are also
discussed for the new possibilities in self-assembly and po-
tential various applications they offer.
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Introduction
Surfactants having an amino acid residue as polar head-
group have been around for several decades and surface-
active derivatives of standard amino acids, such as glycine
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and glutamic acid, as well as of non-natural amino acids
not used in the biosynthesis of proteins, such as sarcosine
and betaine, are produced in large quantities today.
There are several comprehensive overviews of this class
of surfactants [1e3], as well as more focused reviews [4]
and the aim of this opinion is not to compete with these.
Instead, the intention of this paper is to cover the
development during the last decade, particularly the last

five years. Surfactants based on natural raw materials,
often referred to as green surfactants, and surfactants
with a good biodegradability profile are very much in
focus today. Amphiphiles based on amino acids are both
green and rapidly biodegradable and are, in addition, mild
to the skin. It is therefore understandable that there is a
large research activity in the area which is reflected in the
number of papers that appear every year.

Furthermore, the scope of this review is limited to
papers that provide a well-defined chemical structure of

the amphiphile. This means that most oligopeptide
surfactants and surface-active protein derivatives are not
included. We have excluded papers that deal with
taurine derivatives and similar compounds; only de-
rivatives of amino acids that have amino and carboxyl
groups are included.

This review gives a detailed overview of amino acid-based
surfactants, starting with their synthesis methods and
then exploring their physicochemical properties. It
further discusses various applications arising from these

properties in fields like enhanced oil recovery, personal
care, or corrosion inhibition. The final section further
covers potential future research directions.
Synthesis aspects
Many recent papers deal with novel procedures for syn-
thesis of amino acid surfactants. The papers can be
divided into two main subsections: syntheses based on
organic chemistry, which are the most common, and
enzymatic syntheses. These will be treated sepa-
rately below.

There are four main routes to amino acid-based surfac-
tants, and these are illustrated in Figure 1.

Organic chemistry routes
Apart from these four synthesis routes, there are ex-
amples in the literature where an amino acid is used as a
Current Opinion in Colloid & Interface Science 2025, 75:101884
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Figure 1

Current Opinion in Colloid & Interface Science

Four routes for synthesis of amino acid-based surfactants from an amino acid. Reproduced with permission from Ref. [3].

2 Surfactants
building block for surfactants with a very different
structure, without neither an ester nor an amide bond in
the molecule [5]. Such amphiphiles, which lack a bond
susceptible to enzyme catalyzed cleavage, are less

attractive from an environmental perspective.

In Figure 1, paths 1 and 2 give a cationic surfactant
(except at high pH when the amino group is not pro-
tonated), path 3 gives an anionic surfactant (except at
low pH when the carboxyl group is protonated), and
path 4 gives an amphoteric surfactant. Path 3 is the most
important synthesis route, and all the commercially
important amino acid surfactants are made by this path,
usually by reacting the amino acid with a long-chain acyl
chloride, the so-called SchotteneBaumann reaction.

The N-alkylation of path 4 is normally made with alkyl
chloride. Yan et al. developed ruthenium-catalyzed N-
alkylation of an ester or an amide of the amino acid using
a long-chain alcohol instead of a long-chain alkyl halide
as alkylating agent [6]. This is advantageous from a
green chemistry perspective since fatty alcohols are
natural raw materials, while fatty halides are not. The
reaction is shown in Figure 2.

Another example of a new synthesis route according to

path 4 of Figure 1 was described by Zhao et al. [7]. They
reacted an amino acid with an a,b-unsaturated fatty acid
ester using SiCl4 as catalyst. The reaction, an aza-
Michael addition, resulted in N-alkylation, as shown
in Figure 3a.

Several papers describe a modified SchotteneBaumann
reaction in which the long-chain acyl chloride is replaced
by a triglyceride, such as coconut, peanut, soybean, or
Current Opinion in Colloid & Interface Science 2025, 75:101884
palm kernel oil. A broad range of amino acids were used
as reactants, including glycine, alanine, lysine, leucine,
threonine, and methionine. Sodium methylate was used
as a catalyst [8,9]. The methyl ester of the fatty acid

may also be used as electrophilic species. The amidation
is then performed with a zeolite catalyst [10]. The use
of a triglyceride or a fatty acid methyl ester instead of an
acyl chloride is advantageous from a toxicity and an
environmental point of view.

An alternative to an acid chloride, a triglyceride, or a
fatty acid methyl ester as acyl donor for path 3 in
Figure 1 is to use a fatty acid together with dicyclo-
hexylcarbodiimide (DCC) as the coupling agent.
Several amphiphilic N-acyl derivatives of amino acids

have been prepared by that procedure [11]. There is an
environmental benefit in using the fatty acid rather than
the fatty acid chloride as starting material, but a draw-
back of the procedure is that DCC is not a catalyst, it is a
coupling agent that is converted to dicyclohexylurea and
used in equimolar amount to the amino acid. This part is
simply aligned with traditional peptide syntheses.

Alkylsuccinic anhydrides are another possible group of
acyl donors for reactions according to path 3. Lysine
was N-acylated exclusively at the a-amino group with

long-chain alkylsuccinic anhydrides as the reagent [12].
The reaction, shown in Figure 3b, is environmentally
benign but the product obtained is not a normal
N-acylated amino acid; it contains an extra carboxyl
group, which is likely to substantially change its phys-
ical chemical properties. In addition, it may not be
regarded as an entirely green surfactant because the
hydrophobic part of the amphiphile does not have a
natural origin.
www.sciencedirect.com
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Figure 2

N-alkylation of an ester or an amide of an amino acid using a fatty alcohol as an alkylating agent. Adapted from Ref. [8].

Amino Acid-Based Surfactants Holmberg et al. 3
Aspartic acid, which has two carboxyl groups, can form a
five-membered anhydride. This anhydride, with a pro-
tective group at the nitrogen atom, was used as acylating
reagent in a reaction with a hydrophobic alcohol [13].
After removal of the protecting group, an aspartic acid
monoester was obtained. However, the use of a protec-

tive group limits the practical use of such a synthe-
sis procedure.
Figure 3

(a) Synthesis of a surface-active amino acid derivative through N-alkylation. (
acylating agent. (c) Synthesis of a surface-active carbamate derivative of glyc

www.sciencedirect.com
Carbamate-functional amino acid surfactants constitute
another innovative approach and were synthesized by
Zhu et al. The synthesis, which consisted of three steps,
is shown in Figure 3c for the derivative based on glycine
[14]. Surfactants containing a carbamate linkage are not
new and it has been shown that the carbamate bond is

slightly more stable to alkali than an ester bond in the
same environment [15]. However, this may be the first
Current Opinion in Colloid & Interface Science

b) Synthesis of N-acylated lysine using an alkylsuccinic anhydride as
ine.
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4 Surfactants
time that carbamate-containing amino acid surfactants
have been reported.

Enzymatic synthesis
Enzymatic routes have historically been attractive for
the synthesis of amino acid surfactants and are well
documented. Despite not meeting the requirements of
industrial relevance, they are central in the preparation
of new species with high molecular complexity. Pérez
et al. used a bioorganic route to synthesize a dimeric
arginine surfactant [16]. The molecule, which can be

seen as a gemini surfactant, consists of two N-acylated
arginine moieties linked together by a diaminoalkane
spacer. The enzyme papain was used as catalyst for the
formation of the amide bonds between the carboxyl
group of arginine and the amino groups of an a,u-
diaminoalkane. The structure of the surfactant is shown
in Figure 4a.

More recently Faustino et al. synthesized surfactants
from the amino acids cystine, lysine, and phenylalanine
using porcine pancreatic lipase as catalyst for amidation

of the amino acids with dodecylamine [17]. The enzyme
was encapsulated in a gel and the yields were around 85
%. The products obtained from lysine and phenylalanine
were normal amphiphiles with one hydrophobic tail
attached to the amino acid residue, while the amphi-
phile obtained from cystine was a dimer, i.e. a gemini
surfactant. The structure is shown in Figure 4b.

Bourkaib et al. used an aminoacylase from Streptomyces
ambofaciens to catalyze N-acylation of several amino acids
with fatty acids of varying chain length [18]. The con-

version of amino acids into the N-acylated derivative
decreased in the order lysine > arginine > leucine >
methionine > phenylalanine > valine > cystine >
isoleucine > threonine. Addition of a small amount of
CoCl2 increased the reaction rate considerably.
Figure 4

(a) A gemini surfactant from arginine [16]. (b

Current Opinion in Colloid & Interface Science 2025, 75:101884
Physical–chemical investigations
The work on the synthesis of amino acid-based surfac-

tants has led to the production of numerous new
surface-active agents, which has expanded their field of
application significantly. Consequently, there has been a
substantial increase in the number of reports on the
physicochemical properties of these molecules. Figure 5
illustrates the most commonly studied molecules in
this context.

Foams and foaming
There is a large research activity on foams and foaming
behavior of amino acid surfactants, which is not sur-
prising considering the importance of foaming and
lathering for the most important application of the

surfactants: personal care. Several studies have dealt
with the foaming behavior of single N-acyl amino acid
surfactant, such as N-acyl glycinate and N-acyl phenyl-
alaninate [19], N-acyl serinate [20], and N-acyl gluta-
mate [21]. In a detailed study of the effect of
hydrocarbon chain length (C12, C14, C16, and C18) of
two types of surfactants, N-acyl glutamate and N-acyl
phenylalaninate, it was found that the foamability
decreased but the foam stability increased with
increasing number of carbon atoms in the acyl chain.
Whereas the foam stability was relatively unaffected by

the concentration of surfactant used (within the range
investigated), the foamability showed a maximum at a
certain concentration. Both foamability and foam sta-
bility were better for the glycinate than for the
phenylalaninate surfactant [19].

Another work dealt with the effect of the structure of
the fatty acyl chain on the foam characteristics of N-acyl
serinate surfactants. A series of amphiphiles with
different lengths of a straight hydrocarbon chain (C14,
C16, and C18), with different number of unsaturated

bonds in the chain (0, 1, and 2) and with or without a
Current Opinion in Colloid & Interface Science

) A gemini surfactant from cystine [17].

www.sciencedirect.com

www.sciencedirect.com/science/journal/13590294


Amino Acid-Based Surfactants Holmberg et al. 5
hydroxyl group in the 12-position of a C18 chain with a
C9eC10 double bond, i.e. the ricinoleic acid structure
[20]. The main structure is shown in Figure 5.

It was found that the foam stability increased with
increasing length of the acyl chain. This is according to
expectations because longer chains mean stronger van
der Waals interaction, which, in turn, leads to closer

packing at the airewater interface. Foamability, on the
other hand, decreased with increasing acyl chain length
because of decreasing water solubility. Introduction of
one double bond in the acyl chain improved the surface
activity and enhanced the water solubility. However, two
double bonds resulted in a decrease in surface activity,
probably due to less favorable packing at the interface,
and to a decrease in foam stability. The hydroxyl group
in 12-position hindered close packing of the chains,
resulting in a decrease in foam stability.

Glutamate surfactants contain two carboxyl groups with
different pKa values, 2.1 and 4.5. This means that the
physicalechemical properties have different pH
dependence than for surfactants based on glycine and
other amino acids with just one carboxyl group. Foaming
and foam properties of sodium lauroyl glutamate was
investigated in some detail [21]. It was found that there
was a minimum in surface tension and a maximum in
foam stability at neutral pH. At low pH, a gel was formed
Figure 5

Common amino acid-based surfactants that have been studied for their physic
not amino acid-based surfactants.

www.sciencedirect.com
in solution, and it was also present in the foam film. A
weak gel seemed to enhance the duration of the foam,
while a strong gel was detrimental to the foam stability.

Wang et al. studied the pH dependent foaming of sur-
factants from the dicarboxylic amino acids aspartic and
glutamic acid [22]. At pH 6e7, where one of the
carboxyl groups is protonated, the surface activity was

high and so was the foam stability. However, the foam-
ability was approximately the same over the pH range
6e10. The authors speculate that dimers, held together
by hydrogen bonds, may form at pH 6e7. At this pH, the
aspartate and the glutamate surfactants were good
emulsifiers for W/O systems, while at pH 9e10, the
surfactants gave O/W emulsions. At a pH below 6, so-
lutions of the surfactants become unstable due to the
increasing amount of the fully protonated dicarboxylate
derivatives. Comparing the two dicarboxylate surfac-
tants, the aspartate had higher surface activity, gave

better foam stability, and was a better emulsifier. This
difference was attributed to the glutamate surfactant
with two carbons between the carboxyl groups having a
too large headgroup to pack tightly at interfaces.

Intermolecular hydrogen bonds are known to improve the
packing of amino acid-based surfactants, as was shown by
comparing the behavior of a glycine-based surfactant
(which can form hydrogen bonds) and a sarcosine-based
Current Opinion in Colloid & Interface Science
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Current Opinion in Colloid & Interface Science 2025, 75:101884

www.sciencedirect.com/science/journal/13590294


Figure 6

Effect of pH on the zero shear viscosity of a 1:1 M ratio solution of sodium
lauroyl sarcosinate and cocoamidopropylhydroxysultaine. Reproduced
with permission from Ref. [28].

6 Surfactants
surfactant (which cannot form hydrogen bonds) with the
same length of the hydrocarbon tail. Hydrogen bonding
also enhances foam stability as was demonstrated by
comparing foaming of the same glycine-based and
sarcosine-based surfactants [23]. In a more recent paper,
the effects of different salts, ranging from kosmotropic to
chaotropic, on foams made from the two surfactants were
described. The salts had almost no effect on foams

created by the sarcosine surfactant but a substantial
effect on foams from the glycine surfactant. The stability
of the foam from the glycine-based amphiphile decreased
in the order NaF > NaCl > NaSCN, which is in accor-
dance with NaF promoting and NaSCN breaking inter-
molecular hydrogen bonds. NaCl is in-between in this
respect [24].

Amino acid-based surfactants are often used in combi-
nation with a fatty alcohol. Borkowski et al. studied the
influence of n-octanol on the surface activity, foamability,

and foam stability for the N-lauroyl derivatives of alanine,
leucine, and phenylalanine and conducted molecular
dynamics simulations to complement the experimental
work [25]. As expected, addition of n-octanol gave a
reduction of the surface tension for all three surfactants,
but the effect differed. It was most pronounced for N-
lauroyl alanine and least pronounced for N-lauroyl
phenylalanine. In the foamability experiments, there was
a very strong effect for all three surfactants with respect
to foam height. None of the mixtures gave a very stable
foam; however. The strong synergistic effect on foam-

ability seen in all the octanol-surfactant systems, as well
as the difference between the surfactants in the surface
tension experiments, were explained as differences in
hydrogen bonding capabilities. Hydrogen bonds formed
in all three systems, but the octanol-surfactant hydrogen
bonding decreased in the order N-lauroyl alanine > N-
lauroyl leucine > N-lauroyl phenylalanine, a trend that
corresponds to that of synergy in surface tension reduc-
tion. The authors postulated that the strong foamability-
enhancing effect seen in all three systems is mainly due
to hydrogen bonding between octanol and the surfactant.
Addition of octanol also drastically lowered the critical

micelle concentration (CMC), i.e. increased the number
of micelles in the system. During the highly dynamic
foaming experiments, the micelles are transported to the
foam surface by convection, where they supply their
surrounding with new surface-active molecules. Accord-
ing to the authors, this explains why the octanol addition
gave such a strong effect in the dynamic foamability ex-
periments compared to the surface tension experiments,
which reflect an equilibrium situation.

Bae et al. studied mixtures of two amino acid surfac-

tants, one glycinate and one glutamate, with respect to
foam properties [26]. They found a strong synergistic
effect on interfacial viscosity and on foam rigidity when
the mixture was diluted with tap water but not with
distilled water. The authors concluded that divalent ions
Current Opinion in Colloid & Interface Science 2025, 75:101884
in the tap water mediated binding between the head
groups of surfactants aligned at the airewater interface.

Rheology
Proper control of rheology is imperative for many sur-
factant applications. It is very important in many per-
sonal care products and since amino acid-based
surfactants are common ingredients in such formula-
tions, it is not unexpected that there are many papers
dealing with rheological effects of these amphiphiles.

N-acyl amino acid surfactants having a carboxyl group in
the polar head are inherently pH sensitive. In this, they
differ from the amphiphiles with a sulfate or sulfonate
polar headgroup, which are the most common anionic
surfactants. The pH sensitivity can be a problem, but it
can also be an asset if the formulation is properly done.
Zhang et al. studied how the viscosity changed with pH
for solutions of N-oleoyl sarcosine, an amino acid sur-
factant with an unusually long tail. Raising the pH from
9.0 to 12.4 gave an increase in viscosity from 3 to
10 000 mPa s, a clear indication of a transition from

spherical to worm-like micelles [27].

In related papers, Vu et al. describe the use of pH and
nonionic cosurfactants to control the rheology of a
mixture of an amino acid surfactant, sodium N-lauroyl
sarcosinate, and the zwitterionic amphiphile cocoami-
dopropylhydroxysultaine [28,29]. This surfactant com-
bination is practically relevant since such mixtures of an
anionic and a zwitterionic surfactant are commonly used
in personal care formulations. As shown in Figure 6, there
is a pronounced maximum in viscosity at a pH just below

5 and the high viscosity is caused by worm-like micelles.
The rheological behavior is very much governed by
micelle dynamics, in particular reptation and breakage
time. Comparing the behavior with that of a system based
on a sulfate surfactant, sodium laurylethersulfate, for
www.sciencedirect.com
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Figure 7

Zero shear viscosity of a formulation containing 30 % sodium lauroyl
sarcosinate and varying amounts of N-dodecylpyrrolidone (C12P) at a pH
of 7.2. Reproduced with permission from Ref. [35].

Amino Acid-Based Surfactants Holmberg et al. 7
which the viscosity is regulated by salt instead of pH, the
authors concluded that the micelle dynamics is more
important in the amino acid surfactant system.

The same research group also studied the effect on the
viscosity of several inorganic and organic counter-
ionsdincluding the cationic surfactant cetyl-
trimethylammonium chloride (CTAC)don the

surfactant systemdiscussed above [30].The viscositywas
found to be strongly dependent on the choice of coun-
terion and decreased in the following order:CTAC>LiCl
= NaCl > triethanolamine = arginine = no
additive > trimethylphenylammoniumchloride. Thus,
CTAC gave a strong viscosity enhancing effect while the
large organic counterion trimethylphenylammonium gave
a decrease in viscosity.

Aqueous solutions of worm-like micelles are often used in
personal care formulations.They can give a high zero shear

viscosity and at the same time have a marked shear-
thinning behavior. This is the rheological behavior that
formulators of rinse-off personal care products, such as
shampoos andbodywashes,want.Rajput et al. studied the
rheology of sodium cocoyl glycinate, a common amino acid
surfactant, in combination with a nonionic surfactant of
the type used in personal care products. The nonionic
surfactants were cocamide diethanolamine and lauryl
glucoside, which are both good at stabilizing foams and are
mild to the skin [31]. Sodium cocoyl glycinate is a hy-
drophilic surfactant with a high CMC value. Addition of

the nonionic surfactants resulted in a drastic reduction of
the CMC. A 1:1:1 mixture of the three had a CMC three
orders ofmagnitude lower than the glycinate only. Sodium
cocoyl glycinate alone forms spherical micelles and the
ternarymixture forms short rod-likemixedmicelles under
neutral conditions. By lowering the pH to 5.5e6.0, the
mixed micelles grew into long rods or worm-like micelles.
This, in turn, leads to high viscosity. Thus, the rheology of
the surfactant system can be fine-tuned by pH.

In formulation science, both salt and pH are important
parameters that govern solution behavior, including

rheology. Jamadagni et al. investigated how the zero
shear viscosity was affected by salt and temperature for a
mixture of two surfactants commonly used in personal
care formulations, the zwitterionic lauramidopropyl
betaine (LAPB) and the anionic sodium dodecyl sulfate
(SDS), a combination of surfactants that is known to
exhibit “synergy”, i.e. give a much lower CMC value
than those of the single surfactants [32]. The structure
of LAPB is shown in Figure 5.

Using proton nuclear magnetic resonance spectroscopy

(1H-NMR) as the main experimental tool, the authors
could demonstrate that the energetically favorable for-
mation of mixed micelles triggered the betaine surfactant
to pick up a proton and become cationic even at a pH
well above the pKa of its carboxyl group. This means that
www.sciencedirect.com
at pH values around 5, which are common in many for-
mulations, the amphiphile system is not a binary one but
a ternary one composed of the anionic SDS, the zwit-
terionic LAPB, and the cationic protonated-LAPB, This,
in turn, leads to elongation of the micelles and to an in-
crease in viscosity. They could also demonstrate that salt
concentration and pH governed the micelle size and
structure and, consequently, the viscosity of the solution.

Ullah et al. investigated how the rheological behavior of
potassiumN-cocoyl glycinate varied with the electrolyte
[33]. The salts used in the study were KCl, CaCl2, and
tetrabutylammonium bromide; thus, there was a
monovalent inorganic cation, a divalent inorganic cation,
or a large organic cation as counterion to the anionic
surfactant. All three electrolytes improved the packing
density at the oilewater interface because of screening
of the electrostatic forces. However, the bulky butyl
groups prevented real tight packing, which, in turn, gave

a more viscoelastic surface film as compared with the
films obtained with the inorganic counterions.

The rheological behavior can also be governed by the
ratio of the surfactants in the formulation. Sodium
lauroyl sarcosinate was combined with the hydrophobic
nonionic surfactant N-dodecylpyrrolidone (see Figure 5)
in a work by Liu et al. [34]. Figure 7 shows the viscosity
as a function of added amount of N-dodecylpyrrolidone.
The strong viscosity increase is due to formation of
worm-like mixed micelles.

Biological activity
The antimicrobial effect of amino acid-based surfactants

has been the topic of many studies. Cationic surfactants
in general exhibit antimicrobial activity so cationic amino
Current Opinion in Colloid & Interface Science 2025, 75:101884
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8 Surfactants
acid surfactants, i.e. those based on arginine and lysine,
are the obvious candidates. The hydrophobic chain is
usually attached via an ester linkage at the carboxyl group
of the amino acid. The fact that such substances contain
a hydrolyzable bond, easily degraded by the action of, e.g.,
pancreatic lipase, makes them fall into the category of
cleavable surfactants or soft antimicrobial agents [35], i.e.
substances that lose their biological effect with time,

which may be advantageous. Reference [36] gives an
overview of the representative examples of papers
describing arginine- and lysine-based esters, respectively,
that have been investigated for antimicrobial activity.
More recently, Qi et al. have studied the antimicrobial
effect and cytotoxicity of gemini surfactants with various
cationic amino acid-based spacers [37,38], and Shen et al.
showed a prolonged antimicrobial effect for an arginine-
based surfactant when combined with gallic acid in hi-
erarchical assemblies [39].

Traditional antibacterial agents are often “quats”, i.e.
amphiphilic quaternary ammonium compounds. Peri-
nelli et al. synthesized such surfactants from leucine and
methionine and evaluated them as antimicrobial agents
[40]. The synthesis was a two-step procedure, and the
product is shown in Figure 5. As can be seen, also these
substances have the hydrophobic tail connected to the
amino acid residue via an ester bond, i.e. they belong to
the category of soft antimicrobial agents.

Antibacterial tests were conducted on both Gram-

positive and Gram-negative bacteria, as well as on one
fungus, Candida albicans. An established disinfectant,
benzalkonium chloride, was used as reference. The tests
showed that the polar headgroup did not matter; leucine
and methionine derivatives with the same length of the
hydrocarbon chain gave similar biological activity. The
antibacterial activity increased with the length of the
tail. The effect was very good on Gram-positive bacteria
and less good on Gram-negative bacteria. This is the
common pattern for amphiphilic quaternary ammonium
compounds and the leucine and methionine derivatives
with the optimal hydrocarbon chain length (C14) had

approximately the same antibacterial spectrum as the
reference compound, benzalkonium chloride.

Mixtures of anionic and cationic surfactants can give
vesicles and the charge of such vesicles will be governed
by the ratio of the amphiphiles. Pérez et al. mixed a
cationic long-chain histidine derivative with an anionic
surfactant, either a lysine derivative, where both amino
groups had been transformed into amide groups, or
sodium myristate and investigated the bactericidal ac-
tivity, as well as the cytotoxicity and the hemolytic ac-

tivity [41]. The vesicles showed good antibacterial
activity against Gram-positive bacteria and the effect
increased with increasing cationic charge of the vesicles.
The cytotoxicity and the hemolytic activity also
increased with increasing cationic charge.
Current Opinion in Colloid & Interface Science 2025, 75:101884
Kapitanov et al. used a three-step procedure to syn-
thesize cationic surfactants from phenylalanine [42].
The carboxyl group was first esterified with a fatty
alcohol and then the reaction with bromoacetylbromide
gave the N-bromoacetyl derivative. The bromine was
subsequently substituted by a tertiary amine to form
the bromide salt of a cationic surfactant. In total, three
series of substances were made with pyridinium,

imidazolium, or cholinium as polar head and with bro-
mide as counterion. For each series, eight homologs
were prepared with 2 to 16 carbon atoms in the side
chain. The surface-active species, i.e. those with a long
enough hydrocarbon tail, had the expected antimicro-
bial activity against bacteria and fungi. However, a
drawback with these amphiphiles is that the synthesis
is more demanding than other procedures to make
cationic amino acid surfactants, for instance, esterifi-
cation of arginine or lysine with a fatty alcohol as
discussed above.

Even if amino acid surfactants are considered atoxic,
they are not completely free from toxicity. In order to
improve our understanding of the relationship between
chemical structure and toxicity of these surfactants,
Perinelli et al. investigated the toxicity of surfactants
based on alanine and serine, both with different lengths
of the hydrocarbon tails [43]. The toxicity was found to
increase with increasing length of the N-acyl chain as
expected. However, the toxicity differed between
alanine and serine surfactants with the same chain

length, the serine surfactants generally being the least
toxic. It is interesting that there was a clear difference in
toxicity between these two classes of surfactants
although the only structural difference is that eCH3 in
alanine is replaced by eCH2OH in serine. As the au-
thors point out, the toxicity was very small for all the
amino acid-based surfactants, much smaller than for the
regular surfactant sodium dodecyl sulfate, which was
included as reference. At concentrations below the
CMC, the amino acid surfactants were completely
without toxicity.

Kalebic et al. studied the environmental effects of N-
acyl derivatives of the amino acids methionine, glutamic
acid, and aspartic acid with the length of the acyl chain
varying from 10 to 16 carbon atoms [44]. The aquatic
toxicity was evaluated using zebrafish larvae as experi-
mental animals. Comparing surfactants with the same
length of the hydrophobic tail showed that the methi-
onine derivative was the least and the aspartate deriv-
ative the most toxic. The toxicity increased with the
length of the tail and the most toxic of the tested am-
phiphiles was the N-hexadecyl derivative of aspartic

acid. This surfactant had a lower value of maximum
tolerable concentration (MTC) than the common
anionic surfactant SDS indicating that it had a higher
fish toxicity. All the other amino acid surfactants had
similar or higher MTC values than SDS.
www.sciencedirect.com
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Long-chain esters of arginine are dicationic surfactants.
Song et al. mixed the dodecyl ester of arginine with alkyl
polyglucosides and studied the physical chemical
behavior as well as the antimicrobial activity [45]. The
antibacterial and antifungal activity found were mainly
attributed to the effect of the arginine derivative.

Many amino acids are known to have antioxidant activity

and amphiphilic antioxidants are of interest for some
applications, e.g. to prevent lipid oxidation in food
products and pharmaceuticals where there can be a large
oil-water interface. Hossain et al. studied the antioxi-
dant effect of N-dodecanoyl derivatives of tryptophan,
tyrosine and histidine, as well as N-dodecanoyl de-
rivatives of three dipeptides [46]. The dipeptide am-
phiphiles had much higher water solubility than the
regular amino acid surfactants, which may be advanta-
geous for some applications. The N-acyl derivatives had
approximately the same antioxidant activity as the

parent amino acids and the dipeptide surfactants had
the same activity as the regular surfactant based on the
same amino acid. The authors conclude that the N-
dodecanoyl derivatives of the amino acids are the
products of choice for emulsion-based food or pharma-
ceutical products, while the dipeptide derivatives may
be preferable for water-borne products.

Adsorption
Combining theory with experimental work, Borkowski
et al. made an in-depth study of the adsorption
behavior of the N-lauroyl derivates of the amino acids
alanine, valine, leucine, proline, and phenylalanine at
the airewater interface [47]. Without pH adjustment,
the surfactants in practice are a mixture of an anionic

(i.e. deprotonated) and a nonionic (i.e. protonated)
amphiphile. The nonionic form has a stronger driving
force to get out of solution and will dominate the
interface. Density functional theory (DFT) calcula-
tions showed that intermolecular hydrogen bonding
between amide bonds of the surfactants contributes to
the formation of dimers, which affects the surface ac-
tivity of the amphiphiles.

Molecular dynamics simulations of N-acyl amino acid
surfactants at the airewater interface were performed
by Wu et al. [48]. The calculations showed that inter-

molecular hydrogen bonds were the main factors behind
close packing at the surface. A methyl group on the
amide nitrogen atom, which sarcosine has, affected the
packing considerably, as has been demonstrated before
[49]. For dicarboxylic amino acid surfactants, the inter-
molecular hydrogen bonding was weaker because of
charge repulsion between the head groups.

Sakai et al. used quartz crystal microbalance with
dissipation monitoring (QCM-D) to study adsorption of
disodium dodecanoylglutamate at a hydrophobic surface

[50]. Exposure to a CaCl2 solution resulted in partial
www.sciencedirect.com
desorption, as also monitored by QCM-D. The
remaining calcium-containing surfactant film was rigid
and elastic and had good lubricating properties.

Adsorption at the solidewater interface was also studied
by Bonini et al. They investigated adsorption of a range
of amino acids on imogolite, an aluminum silicate clay
mineral, and found that the dicarboxylic glutamic acid

had the strongest affinity for the mineral surface. Based
on this observation, disodium N-lauroyl glutamate was
chosen as surfactant for studies of adsorption on
imogolite [51]. The authors claim that it is likely that
glutamate surfactants will adsorb strongly also on other
aluminum oxide surfaces.

Miscellaneous
Almost all amphiphiles based on an amino acid contain
one hydrophobic tail and one polar headgroup. This is,
for instance, the general structure of N-acylamino acid
salts, the most common type of amino acid surfactants.
The headgroup is usually just one carboxyl group but N-
acyl derivatives of aspartic acid and glutamic acid
contain two carboxyl groups in the polar head. Dimeric,

or gemini, surfactants, i.e. surfactants with two tails and
two headgroups have also been described. Faustino et al.
have published several papers in which they study syn-
thesis, characterization, and applications of cystine de-
rivatives with long N-acyl chains. The disulfide bridge
constitutes a very short spacer unit in the anionic gemini
surfactant [52]. Use of this surfactant for drug delivery is
discussed briefly below in the section Drug delivery.
The same group has also synthesized a cationic gemini
surfactant based on cystine [53].

Anionic gemini surfactants have also been made from
aspartate. The surfactant had long-chain N-acyl groups
and an a,u-diaminoalkane acted as spacer, connecting
the two aspartate moieties via amide bonds [54]. The
group of Infante has published several papers on cationic
gemini surfactants based on arginine with an a,u-
diaminoalkane moiety as spacer [55].

However, there are only few reports on amino acid sur-
factants with two hydrophobic chains and one polar
head. Olutas et al. have synthesized such surfactants by
esterifying aspartic acid with medium-chain alcohols

and the products formed are shown in Figure 5 [56].
The cationic double-tailed amphiphiles were charac-
terized with respect to physical chemical properties.
The surfactant with two octyl chains, but not the one
with two hexyl chains, formed vesicles in solution.

Fletcher et al. have used NMR to study how a wide
range of such organic counterions bind to the micelles of
an amino acid-based [57] and a dipeptide surfactant,
undecyl-ll-leucinevalanate [58]. The effect of different
tetraalkylammonium counterions on micelles of N-

lauroyl alanine was recently investigated by Sun et al.
Current Opinion in Colloid & Interface Science 2025, 75:101884
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and the same research group has also studied vesicle-to-
micelle transition of sodium lauroyl glycinate induced by
tetraalkylammonium ions [59]. Ullah et al. made a
similar study with N-cocoyl glycinate as amphiphile, but
with a focus on the dilational rheological behavior [60].

Ikeda and Aramaki used glutamate-based gelators to
form a hydrogel [61]. The gelator, which was a 1:1

mixture of N-lauroyl-glutamic acid dibutylamide and N-
2-ethylhexanoyl-glutamic acid dibutylamide, was added
to a micellar solution of the anionic sodium lauroyl
glutamate and the cationic cetyltrimethylammonium
chloride. Hydrogels were formed with less than 1 %
added gelator. Angulo-Pachón et al. reported the use of
alkali ions as gelator for an anionic valine derivative [62].
They found that the cations promoted micelle head
crystallization with subsequent aggregation into fibrils
and that the gelation efficiency decreased in the
order Li > Na > K.

Chen et al. explored the use of the same amphiphile,
ethyl Na-lauroyl arginate, as a switchable surfactant
[63]. Switchable surfactants are amphiphiles that in a
reversible mode change their characteristics under the
influence of a trigger. The most common trigger is CO2,
and the concept is for instance of interest for
emulsification-demulsification and flocculation-
redispersion. Figure 8 shows the principle applied to
ethyl Na-lauroyl arginate. Passing CO2 through a solu-
tion of the surfactant transforms the hydrophobic

nonionic surfactant to a more hydrophilic cationic
amphiphile. Removing CO2 by N2 reverses the process.
Applications
Personal care
Amino acid-based surfactants have an established use in

the personal care sector [64]. The most common N-acyl
amino acid-based surfactants in the personal care
segment are glycinates, sarcosinates, alaninates and
glutamates. The hydrocarbon tail is usually C12, and the
commercial surfactants are usually referred to as cocoyl
derivatives but sometimes as lauroyl derivatives. They
Figure 8

Switching of ethyl Na-lau
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are usually sold as sodium salt, but potassium cocoyl
glycinate is also a commercial product.

Glycine, sarcosine, and alanine have one carboxyl group
while glutamic acid has two, which means that gluta-
mate surfactants may exist either as the monosodium (or
monopotassium) salt or as the disalt. In solution, the
ratio between the two will depend on the pH. pKa1 and

pKa2 for glutamic acid are 2.19 and 9.67, respectively.

Besides the N-acyl surfactants mentioned above, coca-
midopropyl betaine (or lauramidopropyl betaine) is
frequently used in personal care formulations. One may
note that betaine is not one of the 20 standard amino
acids; however, it is ubiquitous in biological materials.
The same applies to sarcosine. Figure 5 shows the amino
acid-based surfactants that are most popular in personal
care applications, namely sodium cocoyl glycinate,
sodium cocoyl sarcosinate, sodium cocoyl alaninate,

(mono) sodium cocoyl glutamate, and cocamido-
propyl betaine.

The increasing popularity of amino acid-based surfac-
tants in this segment is largely due to their good
compatibility with skin and hair, which is well docu-
mented, although a case of allergic contact dermatitis
has been reported for the amino acid derivative N-
capryloyl glycine [65]. However, “skin compatibility”
has often been used in a vague sense, without much
scientific foundation. There has been an assumption

that skin cleansers should be formulated at the same pH
as human skin, which is in the range 4.5e6.0. Relatively
recently, Hawkins et al. have shown that this is not
necessarily true. For products predominantly based on
anionic surfactantsdamino acid-based and othersd-
those formulated to give skin pH gave increased skin
dryness and irritation compared to those formulated at
more neutral pH. The results were believed to be due to
increased electrostatic interaction of anionic surfactants
with stratum corneum under low pH as compared to
neutral conditions [66]. The authors concluded that the
mildness of the cleanser will be determined by the
Current Opinion in Colloid & Interface Science
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interaction of its surfactants and other ingredients with
stratum corneum under the conditions of the formu-
lated pH.

a-Gels are surfactant-based structures that resemble
lamellar liquid crystals but where all the surfactant alkyl
chains are fully stretched and in a solid state with all-
trans configuration. They are of interest for shampoo

formulations and other personal care products. However,
a-gels have traditionally required surfactants with a
minimum of 14 carbon atoms in a straight hydrocarbon
chain [67]. Surfactants with a tail of 14 or more carbon
atoms are problematic due to low Krafft temperature
and are therefore normally not used in personal care
formulations. Ren et al. have developed a formulation
based on sodium lauroyl sarcosinate together with a
mixture of two long-chain alcohols, cetyl alcohol and
stearyl alcohol. The formulation was found to be an a-
gel at room temperature. The concept was also

extended to several other C-12 amino acids [68].

Microemulsions based on components that are green
and mild to the skin are of interest for some cosmetics
products. In a paper by Manyala and Varade, micro-
emulsions of fatty acids and water were made with
sodium lauroyl sarcosinate as surfactant. Without
cosurfactant, the microemulsion region in a ternary
phase diagram was small but it grew markedly with
addition of a short-chain alcohol such as propanol or
butanol. The same research group later used the lauroyl

sarcosinate-based microemulsion as a nanocarrier for
encapsulation and delivery of a-tocopherol [69].

Hair shampoos are often formulated with a combina-
tion of an anionic surfactant and a cationic poly-
electrolyte. The dilution during the rinsing process
leads to formation of a coacervate, which adheres to the
hair and provides the smooth, lubricating effect that is
expected from a conditioning shampoo. Aramaki et al.
used an anionic amino acid-based surfactant, potassium
cocoyl glutamate or potassium cocoyl glycinate, in
combination with high molecular weight cationic cel-

lulose ether to study the formation of coacervate. They
could demonstrate that the coacervate was formed
through electrostatic interaction between the different
charged groups and that it was composed of fibrous
aggregates [70].

Combinations of an anionic and a cationic surfactant are
also common in personal care formulations. A problem
with such mixtures is that they tend to precipitate if the
hydrocarbon chains are long. Zhang et al. have studied a
mixture of the anionic sodium lauroyl glutamate and the

cationic amphiphile dodecyltrimethyl ammonium chlo-
ride. The mixture had a low Krafft point and did not
show any signs of precipitation. The mixed micelles
formed were worm-like and could be used to control the
viscosity of the formulation [71].
www.sciencedirect.com
Drug delivery
Being easily degradable, having low cytotoxicity [43],
and being made from natural building blocks, amino
acid-based surfactants are of interest in drug delivery
applications. Arginine has a net positive charge at
neutral pH due to its guanidino group. Thus, arginine
esters of long-chain fatty alcohols can be regarded as
dicationic surfactants. Shahzadi et al. prepared such
esters by reacting the fatty alcohol with boc-protected
arginine using DCC as coupling agent followed by
deprotection with HCl [11]. The motivation for the

work was to find a more benign cationic amphiphile for
ion pairing with hydrophilic macromolecular drugs. In
drug delivery, hydrophobic ion-pairing is seen as a
promising approach to modulate the solubility of
charged hydrophilic drugs ranging from small molecules
to peptide- and protein-based therapeutics. The argi-
nine ester was found to efficiently precipitate heparin
and daptomycin, as representatives of polysaccharide
and peptide drugs, respectively, from aqueous solution
[72]. The concept is promising for a variety of anionic
drugs. It is illustrated in Figure 9.

The arginine surfactants were found not to be cytotoxic
at concentrations below the CMC. Above the CMC, the
cytotoxicity depended on the length of the alkyl chain,
the hexadecanol ester being less toxic than the nonanol
ester. However, compared to standard cationic micro-
bicides, such as benzalkonium chloride, the two
arginine-based surfactants had very low cytotoxicity.
Trypsin-induced degradation was fast for both esters.

A similar approach was taken by Jörgensen et al., who

synthesized a cholesterol ester and a diosgenin ester of
arginine for ion pairing with hydrophilic drugs. These
cationic steroid esters were also efficient in forming
hydrophobic ion pairs and had very low cytotoxicity [73].
In a similar work by the same research group, a series of
hydrophobic esters of lysine was found to form com-
plexes with insulin by hydrophobic ion pairing [74].

Bolasurfactants are amphiphiles that have two polar
head groups, one on each side of a hydrocarbon chain. At
an oilewater or an airewater interface, they will fold and

orient the two polar ends into the aqueous phase and the
hydrocarbon segment into the oil. Hu et al. synthesized
the bolaform surfactant shown in Figure 5 from lysine
and 1,12-diaminododecane [75]. The molecule is a
diamide with a lysine residue at both ends and since
both the a-amino and the ε-amino group of the lysine
are intact, the molecule is strongly cationic, but the
charge is pH dependent. Vesicles were made by
combining the bolaform surfactant with the nonionic
surfactant Tween 60 and the vesicles were loaded with
the anticancer drug 5-fluorouracil. The therapeutic ef-

ficacy of the active vesicles was investigated on H22

tumor-bearing mice and was found to be high. Another
type of vesicle, based on one cationic and one anionic
Current Opinion in Colloid & Interface Science 2025, 75:101884
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Figure 9

Long-chain arginine esters can form hydrophobic ion pairs with hydrophilic drugs such as heparin and daptomycin. HIP stands for hydrophobic ion pair.
Reproduced with permission from Ref. [72].
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amphiphile, both with serine as polar headgroup, was
used as carrier for the anticancer drug doxorubicin [76].
The catanionic vesicles were found to have low cyto-
toxicity in vitro and give a high uptake of doxorubicin
by cells.

Gemini surfactants are dimeric amphiphiles with the
two moieties connected at the polar heads and several
amino acid-based gemini surfactants have been syn-
thesized either by organo-chemical routes or by enzy-
matic synthesis [55]. Serafim et al. synthesized a gemini
surfactant based on cystine as polar head and used it as a
delivery vehicle for the antibiotic amphotericin B (AmB)
[52]. AmB is widely used in the therapy of systemic
fungal infections, but its poor water solubility puts de-
mands on the formulation. The paper describes the use
of micelles of the gemini surfactant as a carrier for AmB,

as well as for combinations of AmB and different bile
salts. The micelles had a high solubilization capacity for
monomeric AmB and the formulation showed high
antifungal activity. The structure of the cystine-based
gemini surfactant is shown in Figure 5.

The hydrophobic ion-pairing concept for drug delivery
can also be applied to incorporation ofDNA into lipophilic
delivery systems. Wolf et al. synthesized hexadecyl lysi-
nate from boc-protected lysine andwithDCC as coupling
agent [77]. This cationic ester surfactant was shown to be
Current Opinion in Colloid & Interface Science 2025, 75:101884
easily degraded by both trypsin and pancreatic lipase and
have low cytotoxicity. The ion pairing between the sur-
factant and plasmidDNAwas investigated and an optimal
ratio was established. At this ratio, an effective trans-
fection of HEK-293 cells was obtained.

Faustino et al. studied the interaction between DNA and
long-chain amides of the amino acids phenylalanine,
lysine, and cysteine [17]. The phenylalanine and the
lysine surfactants were regular single-chain amphiphiles,
while the cysteine-based was double-tailed because the
cysteine residue had spontaneously oxidized to a cystine
derivative. This means that it had become a gemini sur-
factant with a disulfide spacer unit. All three surfactants
interacted with DNA and the complexes formed were
considerably stronger for the cystine surfactant than for
the two other amphiphiles, presumably due to the

stronger hydrophobicity of this double-tailed surfactant.
One may conclude that cationic and rapidly degradable
amino acid-based surfactants should be regarded as
attractive alternatives to the conventional and more toxic
cationic amphiphiles normally used for transfection.

Hydrogels are also of interest for drug delivery. Oliveira
et al. prepared hydrogels by combining a lysine deriva-
tive in which the two amino groups had been reacted
with long-chain fatty acids and a cationic cellulose de-
rivative. The hydrogels, which consisted of honeycomb-
www.sciencedirect.com
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like structures of surfactant and polymer moieties, were
temperature sensitive, and may be candidates as vehi-
cles for temperature-triggered release of actives [78].

Drugs can also be transported through the skin, usually
with the help of so-called skin permeation enhancers.
Hermet et al. tested amphiphilic arginine derivatives as
skin permeation enhancers and found that these became

incorporated into the stratum corneum-mimicking
membrane and altered its rheological and structural
properties by disordering the lipid chains. This, in turn,
enhanced the membrane elasticity and caused thinning
of the membrane layer [79].

Flotation
Amino acid-based surfactants have been explored as col-
lectors in mineral ore flotation, also called froth flotation.
The collector in froth flotation is a molecule that binds to
the valuemineral and renders it hydrophobic so that it can
be removed by the froth, i.e. finely dispersed air bubbles.
The collector is often an amphiphilic compound with the
polar headgroup having a specificity for the surface of a

specific mineral. The choice of a headgroup is typically
guided by the hard and soft Lewis acid and base concept.
The versatility of amino acid surfactantsdthere aremany
amino acids to choose from as headgroupdmakes them
candidates as collectors.

Patra et al. synthesized and evaluated a series of N-
dodecanoyl dicarboxylic amino acid salts with one, two,
or three carbon atoms between the carboxyl groups for
flotation of calcium minerals [80]. The monocarboxylic
N-dodecanoyl glycinate was also included in the test.

The surfactants are shown in Figure 5.

The malonate surfactant was found to be an apatite and
a fluorite specific collector while the glycinate derivative
was calcite specific. The aspartate and the glutamate
surfactants, with longer distance between the two
carboxyl groups, did not float apatite at all at high pH.
However, these substances were active, although not
very efficient, as collectors for calcite and fluorite. The
results were explained by matching the distance be-
tween the carboxyl groups with the distance between
adsorption sites at the mineral surface.

The above series of three dicarboxylic amino acid-based
surfactants were later the subject of an NMR study of
the solution behavior at concentrations just below the
CMC [81]. Sodium and calcium were used as counter-
ions. NMR diffusometry clearly indicated the presence
of premicellar aggregates. The most stable aggregate
was the calcium salt of the glutamate surfactant, prob-
ably because of formation of an intermolecular complex
with calcium. The stability of all the premicellar ag-
gregates declined with temperature.
www.sciencedirect.com
Guo et al. synthesized a modified amino acid surfactant,
2-carbamoylaminolauric acid, and investigated it as a
collector for quartz flotation. Quartz is traditionally
floated either with a cationic amphiphile such as a long-
chain quaternary ammonium compound or a fatty amine
or by an anionic collector such as sodium oleate together
with divalent cations which act as activators [82]. Very
good flotation results were obtained with the novel

anionic surfactant after activation with a calcium salt
[83]. Computational simulations based on DFT indi-
cated that the collector attached to bound calcium ions
at the mineral surface and that the binding was
augmented by hydrogen bonding between surface sites
and the amide bond of the collector. Amide bonds in
amino acid-based surfactants are known to play an
important role in the self-assembly of the amphi-
philes [49].

In a recent work by Li et al., quartz and dolomite were

separated from collophane, an apatite ore, by flotation
using a novel anionic collector, sodium N-dodecyl-b-
amino propionate [84]. The selectivity for dolomite was
particularly good and X-ray photoelectron spectroscopy
(XPS) analysis indicated that the collector interacted
with magnesium ions at the surface of the dolomite. In
another system, fluoroapatite was separated from dolo-
mite by the use of the anionic amino acid-based col-
lector N-hexadecanoyl glycine [85]. DFT calculations
showed that the collector interacted with two calcium
ions at the fluoroapatite surface to generate a tridentate

binding in which hydrogen bonding between amido-NH
in the collector and ePO4 groups at the mineral surface
was the third binding mode. In the hydrogen bonding,
eNH was the donor and ePO4 at the surface the
acceptor. The calculations showed that the collector
could also bind to two metal ions at the dolomite sur-
face, either two calcium or one calcium and one mag-
nesium, in a bidentate fashion. The pronounced
flotation selectivity for fluoroapatite over dolomite
indicated that the collector adsorbed preferentially at
the fluoroapatite surface due to the tridentate binding
being a stronger mode of interaction than the biden-

tate binding.

Peng et al. used sodium lauroyl glutamate as a collector
in cassiterite flotation and obtained very high selec-
tivity [86]. The headgroup of lauroyl glutamate con-
tains two carboxyl groups and one amido-NH group
that may all interact with cassiterite, which is a tin
oxide mineral. A possible chemisorption mode for
sodium lauroyl glutamate at the mineral surface has
been proposed, based on XPS and fourier transform
infrared spectroscopy (FTIR) analyses. In the sug-

gested arrangement, one carboxylate oxygen atom and
the amide nitrogen atom chelate a surface Sn atom to
form a five-membered ring.
Current Opinion in Colloid & Interface Science 2025, 75:101884
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The importance of amide bonds for the self-assembly of
collector molecules via hydrogen bonds was also shown
by Sun et al. They used a long-chain amide of glutamic
acid for flotation of rhodochrosite, a manganese car-
bonate mineral, and obtained good selectivity for
rhodochrosite against quartz and calcite. They could
demonstrate a “weak to medium” hydrogen bonding
between amide groups or between amide and carboxyl

groups of closed-packed amphiphiles [87].

Fine particle flotation is a well-known challenge in the
mineral processing industry. Recently, Fei et al. synthe-
sized the surface-active compound 2-decanoylamino-4-
hydroxycarbamoyl-butyric acid, which can be regarded
as a glutamic acid derivative, and tested it as collector for
fine rhodochrosite, a manganese carbonate mineral. The
structure of the collector is shown in Figure 5. As can be
seen, it contains a hydroxamate group, which is known to
have strong affinity for rhodochrosite.

The synthesized surfactant turned out to be a very
efficient collector for fine rhodochrosite. As can be seen
from the structure, there are many possibilities for
intermolecular hydrogen bonding when the amphiphile
has aligned at the mineral surface. The good effect ob-
tained is believed to be due to strong hydrogen bonds in
combination with efficient binding through chelation to
the surface [88,89].
Conclusion and perspectives
The interest in amino acid-based surfactants has expe-
rienced a significant growth that was originally driven by
the transition from petrochemically based systems to
bio-based systems. However, the possibility offered by
the library of amino acids to fine-tune the interactions at
play in self-assembly and at interfaces has also enabled

the design of surfactants towards specific applications.

In fact, the ability to regulate intermolecular interactions
in detail enables a strong control of their physicochemical
properties, with amino acid-based surfactants demon-
strating interesting properties across a wide range of ap-
plications. From enhancing foaming and controlling
rheological properties to regulating surface activities and
forming interesting self-assembled structures, these
surfactants have proven to be able tomeet a large number
of requirements on the application side.

Beyond their initial use in personal care products, amino
acid-based surfactants have demonstrated appealing
features in fields such as drug delivery and mineral ore
flotation. Their versatility and effectiveness have also
sparked interest in areas such as enhanced oil recovery
and metal corrosion inhibition.

Currently, they are mostly based on a single amino acid
and the modulation of the interactions relies on
Current Opinion in Colloid & Interface Science 2025, 75:101884
parameters such as the type of coupling with the
hydrophobe and the structure and length of the hydro-
phobic moiety. Considerable potential remains when
considering exploring more complex structures of the
headgroups that would incorporate multiple amino
acids. This could unlock new frontiers in complex self-
assembly and lead to intriguing properties, further
expanding the scope of applications for amino acid-

based surfactants.
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