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Abstract Surface activity, micelle formation and structure
of N-decanoyl-N-methylglucamide in presence of increas-
ing glycine concentrations have been investigated. Changes
in the critical micelle concentration of the surfactant with
the addition of the amino acid were examined by both
surface tension and pyrene 1:3 ratio methods. The observed
reduction in the critical micelle concentration was attributed
to the structure making action of the additive. Micelle
structure parameters were obtained as a function of the
glycine concentration by using light scattering and fluores-
cence-quenching measurements. As regard to the effect of
glycine of the micelle size, it was found that both the
hydrodynamic radius and the micellar aggregation number
increased with the glycine concentration. However, the
observed micellar growth seems to be mainly determined
by the increase in the aggregation number rather than by
changes in the amount of water specifically associated to
the micelle. This fact is also supported by the observed
trend in the micellar partial specific volume as estimated by
complementary density measurements.

Keywords MEGA-10 - Glycine - Micellar properties -
Surface tension - Fluorescence - Light scattering
Introduction

Amino acids, the building blocks of peptides and proteins,
have a broad spectrum of applications. These substances are
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widely used as additives in the food industry as buffers or
acid correctors, as plant growth regulators, and in the
preparation of medicines, either in amino acid injection
solution as nutritional infusion or as a raw material for
making L-Dopa, a pharmaceutical for treating Parkinson’s
disease (http://www.gtamart.com/mart/products/chemical/
zhitgaa.htm) [1, 2]. Glycine is the simplest amino acid and
always being a prototype for larger systems. The use of glycine
ranges from the food industry, where it is mainly used as
nutritional supplement and food additive (http://www.gtamart.
com/mart/products/chemical/zhitgaa.htm), to crop produc-
tion, where it is used as a chelating agent for micronutrients
and as a nitrogen fertilized [3]. When used as plant growth
regulators, glycine and other amino acids are combined with
various inert ingredients as surfactants, dispersants, carriers,
spreader-stickers, and wetting agents [4].

On the other hand, the study of interactions between
proteins and amphiphiles is of great importance from both
fundamental and technological point of views [5]. Howev-
er, due to the complexity of these interactions, an
alternative strategy, previously used for various researchers
[6-15], consists on studying the interactions in simpler
systems constituted by surfactants and single model com-
pounds, such as amino acids, which are the basic structural
units of proteins. Moreover, glycine has significant influ-
ence on the aqueous system and is referred to as water
structure influencing molecule [16]. In fact, the amino acids
are considered to be strong structure breakers in aqueous
solutions due to the presence of peripheral charges [14]
and, therefore, can undergo strong electrostatic interactions
with ionic species in aqueous solution. This explains that
glycine interacts more strongly with ionic surfactants than
with nonionic ones, as recently observed [15]. Neverthe-
less, the interest of nonionic surfactants resides in the fact
that, due to its mild character, these substances are

@ Springer


http://www.gtamart.com/mart/products/chemical/zhitgaa.htm
http://www.gtamart.com/mart/products/chemical/zhitgaa.htm
http://www.gtamart.com/mart/products/chemical/zhitgaa.htm
http://www.gtamart.com/mart/products/chemical/zhitgaa.htm

1282

Colloid Polym Sci (2008) 286:1281-1289

extensively used in many fields of technology and research,
including pharmaceutical preparations, where these sub-
stances increase the stability and the dissolution rate of
many active ingredients.

Among the nonionic surfactants, a relatively new class,
the so-called sugar-based surfactants, is emerging due to
advantages with regard to performance, health of consum-
ers, and environmental compatibility compared to the more
common ethoxylated nonionic ones [17, 18]. Since not a
great deal is known about the behavior in systems involving
sugar-based surfactants, relative to say ethylene oxide-
based surfactants (C;E;), it is important to obtain an
understanding on self-assembly, surface activity, and other
solution properties of these molecules on the same level
that we presently have for other surfactants [19]. One of the
more important aspects refer to changes in the surface
activity, size, and shape of the micelles induced by the
presence of additives, which can affect the effectiveness of
surfactants in many applications in both chemical and
industrial uses [19, 20]. N-decanoyl-N-methylglucamide
(MEGA-10; see Chart 1) is a representative sugar-based
surfactant belonging to the group of the fatty acid
glucamides, which has been used as a membrane protein
solubilizer since it was synthesized by Hildreth, as this
surfactant seems to maintain protein function [21]. Recent-
ly, considerable effort has been carried out in our laboratory
to elucidate the solution behavior of MEGA-10 under
different conditions [22-24]. In this paper, we report a
study on the aggregation behavior of MEGA-10 in the
presence of different concentrations of glycine. With this
purpose, we have carried out measurements of surface
tension, fluorescence, and light scattering. The present
study is mainly focused on the effect of glycine on the
surface activity and micellization of the surfactant and on
the structure of the micelles formed in these media.

Experimental

Materials

The samples of MEGA-10, glycine, fluorescence probe
pyrene, and quencher cetylpyridinium chloride (CPyC)

were purchased from Sigma Chemical Co. Due to their
high purity, all these compounds were used as received.

H, ?HS OH OH OH
H3C\(\C %C N
H, n jo( OH OH

Chart 1 Molecular structure of N-decanoyl-N-methylglucamide, n="7
(MEGA-10)

@ Springer

Stock solutions of MEGA-10 were prepared in water,
whereas that of pyrene was prepared in absolute ethanol.
These solutions were stored at 4 °C. Working solutions
were used immediately after preparation. Ultra pure water
(resistivity x18 M{2-cm) for the preparation of the solutions
was obtained by passing deionized water through an ultra
high quality polishing system (UHQ-PS, ELGA). All
chemicals used were of analytical grade quality.

Surface tension measurements

The equilibrium surface tension measurements of solu-
tions of MEGA-10 were carried out with a Sigma 701
(KSV) tensiometer using the Du Nouy ring technique at
a constant temperature (30.0+£0.1 °C). The ring was
cleaned with distilled water and acetone and finally
flamed. The surface tension measurements were automat-
ically corrected by the software supplied by the manu-
facturer. Each series of measurements was started with a
concentrated solution of surfactant, and successive diluted
solutions were obtained by adding either pure water or
glycine solutions to a jacketed vessel, by which temper-
ature was maintained constant with a circulating water
bath. After each dilution, the resultant surfactant solution
was stabilized at 30 °C for at least 15 min before
carrying out the measurement. The surface tension values
were accurate within £0.1 mN m .

Fluorescence measurements

Fluorescence measurements were recorded on a Fluoro-
Max-2 (Horiba JOBIN YBON) spectrofluorometer in the
“S” mode with bandpasses for excitation and emission
monochromators of 1.05 nm, and fitted with a 150 W
xenon lamp and 1x1 cm quartz cells. This apparatus is
equipped with a thermostated cell housing that allowed
temperature control to £0.1 °C.

To obtain the critical micelle concentration (cmc) of the
surfactant, fluorescence emission spectra of MEGA-10
solutions containing around 1 uM pyrene and fixed glycine
concentrations were recorded between 360 and 500 nm
using an excitation wavelength of 335 nm. From these
spectra the intensities /; and /3 were measured at the
wavelengths corresponding to the first and third vibronic
band located near 373 and 384 nm. The ratio /;/I; is the so-
called pyrene 1:3 ratio index.

The micellar aggregation numbers (N,z,) were
obtained by the static quenching method using pyrene as
a probe and CPyC as a quencher. In this case, stock
solutions containing pyrene and MEGA-10 were prepared
in several media of different glycine concentration.
Working solutions of lower concentration (1 uM in pyrene
and 30 mM in MEGA-10) were prepared by adding
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appropriate volumes of quencher solutions. These solu-
tions were sonicated at least for 30 min at 40 °C and then
stabilized at 30 °C for 2 h. Fluorescence spectra of these
solutions were recorded by using an excitation wavelength
of 335 nm at a constant temperature (30.0+0.1 °C).
Triplicate experiments were carried out for each glycine
composition. The errors in N,g, in terms of the standard
deviation of three individual determinations, are estimated
to be less than 3%.

Density measurements

To determine the effect of glycine on the partial specific
volume of micellar MEGA-10, we carried out density
measurements with an Anton Paar DMA 58 density meter.
This apparatus determines the density value by placing the
sample in a U-shaped tube and measuring its period of
oscillation. The instrument has an accuracy of £10° g/cm?,
and it was calibrated with air and water. The temperature
was controlled within +0.01 °C. The partial specific
volume, v, of micellar MEGA-10 was determined from
[25]

v:pio(l_%) (1)

where po and p are the densities of the solvent and micellar
solutions, respectively, and c is the surfactant concentration
in gram per milliliter.

Light scattering measurements

A Zetasizer Nano-S instrument (Malvern Instrument, UK)
was used to perform the light scattering measurements. This
apparatus, which uses the backscattering detection (scatter-
ing angle 6=173°) and an avalanche photodiode detector, is
equipped with a Helium-Neon laser source (wavelength
633 nm; power 4.0 mW), and a thermostated sample
chamber controlled by a thermoelectric Peltier. All the light
scattering measurements were made at 30.0+0.1 °C.

Dynamic light scattering measurements were made to
obtain the translational diffusion coefficients and the
associated hydrodynamic radius of micelles. For dilute
solutions, where the intermicellar interactions can be
considered absent, the apparent diffusion coefficient (D)
varies linearly with the surfactant concentration, ¢, by [26,
27]

D. = D[l + kp(c — cmc)] (2)

where kp is a constant related to the second virial
coefficient. The actual diffusion coefficient at infinite
dilution, Dy, can be calculated by extrapolation of the
apparent diffusion coefficient to zero concentration. Once
the Dy value is determined, the micelar hydrodynamic

radius (Ry) may be obtained using the Stokes—Einstein
relation

kT
 6m Dy

Ry (3)
where kT is the thermal energy factor and 7, is the solvent
viscosity. These viscosity values were obtained with an
automated microviscometer AMVn (Anton Paar). The
measuring principle of this apparatus is based on Stoke’s
law. The apparatus determines the falling time of a small
steel ball between a fixed distance into a Peltier-thermo-
stated capillary. For each sample, the runtime was recorded
at least four times and the temperature was 30.0+£0.01 °C.

In the static light scattering (SLS) experiments the
Rayleigh ratio, Ry, of the sample solutions was determined
by using toluene as a standard according to the relationship:

Ry = 2> R (4)
tol

where Iy and I, are the scattered intensity of the sample
solution and the toluene, respectively, and Ry, is the
Rayleigh ratio of toluene. This value was assumed to be
1.3523x 10 m™ at 633 nm. The excess scattering ratio of
the micelles is given by ARy, which represents the
difference in the Rayleigh ratio between the micellar
solution and the solvent solution in the absence of micelles,
ARg = Rg — Rg. The analysis of SLS data were based on
the relation [25, 28]

ARy = K M,,(c — cmc) (5)

which can be used in the case of dilute solutions of weakly
interacting spherical particles. In Eq. 5, M,, is the average
molecular weight of the micelles and K is an optical
constant directly related to the refractive index increment of
the micellar solution [25, 28]. The refractive index values
of the solvent and micellar solutions were measured using a
digital Abbe refractometer (WYA-1S).

Results and discussion
Surface activity and micelle formation

In order to examine the effect of the glycine addition on the
cmc of the surfactant, we have employed two well-
established procedures: that based on surface tension
measurements [29] and the pyrene 1:3 ratio method [30].
The surface tension curves as a function of the MEGA-10
concentration are shown in Fig. 1. Plots in Fig. 1 show a
typical behavior, namely, the surface tension decreases as
the surfactant concentration increases, reaching marked
changing points from which the surface tension remains
roughly constant. The cmc values, as obtained from these
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Fig. 1 Surface tension isotherms of MEGA-10 at different glycine
concentrations

changing points, are listed in Table 1. Figure 2 shows the
variations of the pyrene 1:3 ratio index with the total
MEGA-10 concentration for various glycine concentra-
tions. All plots in Fig. 2 show a typical sigmoidal decrease
as the surfactant concentration increases. Below the cmc,
the pyrene 1:3 ratio value corresponds to a polar environ-
ment; as the surfactant concentration increases, the pyrene
1:3 ratio decreases rapidly, indicating that pyrene is sensing
a more hydrophobic environment. Above the cmc, the
pyrene 1:3 ratio reaches a roughly constant value because
of the incorporation of the probe into the hydrophobic
region of the micelles. From plots in Fig. 2, the cmc values
were determined by using the data treatment previously
developed in our laboratory [31]. The values obtained by
this last method are also listed in Table 1. It can be seen that
the pyrene 1:3 ratio method provides cmc values system-
atically higher than those obtained by surface tension
measurements. This is an expected result because the use
of methods based on molecular probes requires the
formation of aggregates where that molecule can be

incorporated. In any case, it is to be noted that the cmc
values that we have obtained in pure water at 30.0 °C agree
reasonably well with previously reported values by Ray et
al. [32] by using isothermal titration calorimetry (ITC;
5.65 mM) and surface tension measurements (5.95 mM),
although they are lower than those obtained by light
scattering measurements [33] (6.6 mM) and by ITC [34]
(6.29 mM). It is also observed in Table 1 that the cmc of
MEGA-10 decreases with the glycine concentration. Sim-
ilar effects have been previously observed in both ionic [9,
13] and nonionic [6, 10, 11, 14] surfactants.

Another aspect to be noted in Fig. 2 is the fact that the
pyrene 1:3 ratio index in the post-micellar region is almost
constant (around 1.16) regardless the glycine concentra-
tion. This result indicates that the probe resides in a
relatively hydrophobic micellar microenvironment, in
which the local polarity is not affected by the presence
of glycine in the medium. This behavior agrees with
recent observations attained by other authors in the case
of several common (ionic and nonionic) surfactants [15]
and by ourselves in a fluorescence study of the self-
assembly properties of n-octyl-f3-D-thioglucoside in the
presence of glycine [11].

The parameters of adsorption of the surfactant at the air—
liquid interface were determined from the adsorption
isotherm by using the usual procedure. The surfactant
surface excess concentration at the interface, I',,c, Which
represents a measurement of the effectiveness of the
adsorption of the surfactant, was calculated using the Gibbs
adsorption isotherm equation [29]:

Fmax:

1 oy
- 6
2303RT [a log c] p (6)

in which y is the corrected surface tension, ¢ is the
surfactant concentration, and R and 7 have their usual
meaning. Note that to determine the derivative of the
surface tension on the log ¢ in Eq. 9 only surface tension
values of the linear region in the vicinity of the cmc were
used. The minimum area occupied by the surfactant

Table 1 Effect of glycine addition on micellization and adsorption parameters of MEGA-10 at 30 °C

[Glycine] M) emc® mM)  —AGY, kImol™) 1 x10> mmol/m?) Ay (A¥molécula)  Ilyme (mN/m) — —AGH, (kI/mol)
0.00 49 (5.5) 23.5 3.16 52.54 39.53 36.0
0.25 41 (5.2) 24.0 3.13 53.04 40.15 36.8
0.50 3.4 (47) 24.4 3.09 53.73 40.35 37.5
0.75 3.1 (42) 247 2.95 56.28 40.41 38.4
1.00 2.8 (3.7) 249 2.85 58.26 40.51 39.1

#Within parenthesis are the cmc values as obtained by the pyrene 1:3 ratio method
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Fig. 2 Plots of the pyrene 1:3 ratio versus total concentration of
MEGA-10 at different glycine concentrations

molecule at the air-liquid interface, A.;,, was then
determined by the equation

1
A = _ 7
min Na Lo ( )

where N4 is Avogadro’s number. The standard free energy of

adsorption, AGY, , was calculated by the equation [29, 35]

ads>®

AGYy = AGy,. — Meme

me Z11118)(

(8)

where the standard state for the surface phase is defined as a
hypothetical surface covered with a monolayer of surfactant
at its closest packing but at a surface pressure equal to zero
[29]. AGY. is the standard free energy of micellization,

mic
given by [29, 36]:
AGY.. = RT In Xeme (9)

in which x.,. is the cmc in the molar fraction scale, and
I e stands for the surface pressure, that is

Hepe = Yo — Yeme (10)

where 7o and 7. are the surface tension of the system
solvent and of the micellar solution at the cmc, respectively.
The values obtained for all these parameters are listed in
Table 1. From data in Table 1, it is seen that I",,,, decreases
monotonically as the concentration of glycine increases,
indicating that the adsorption of the surfactant is less
effective in the presence of glycine. Of course, A4, shows
a reverse trend. Also, the surface pressure Il .. increases
slightly with the glycine concentration, but this increase is
probably due to the increase of 7, with the presence of the
additive [37] rather than to an increase of the surface activity

of the surfactant. Finally, it is observed (see Table 1) that
AGY, is negative and becomes more negative as the glycine
concentration increases. In addition, it is apparent that Angs
values are more negative than the corresponding
AGY. values, indicating that the adsorption of the surfactant
at the air-liquid interface is more favorable than micelliza-
tion, so that when the micelles are formed, work must be
done to transfer the surfactant monomer from the saturated
interface to the micelle. Our results suggest that the presence
of glycine slightly inhibits the tendency of the surfactant to
adsorb at the air-liquid interface. This effect is similar to that
observed in a recent study carried out in our laboratory on
the effect of NaCl on the physicochemical properties of
MEGA-10 [38]. In fact, Matubayasi et al. [37] have
established that the surface behavior of glycine is analogous
to that of a simple salt that dissociates completely into a
cation and an anion. On the other hand, it must be remarked
that previous studies carried out by Rakshit and coworkers
[10, 14] with conventional polyoxyethylene (POE) nonionic
surfactants shown an opposite trend. The aforementioned
authors explained their observations on the basis of
dehydration of the surfactant induced by glycine addition,
which was supported by a lower cloud point in the presence
of the additive [10]. This different surface behavior of
MEGA-10 compared to that of POE-based surfactants is
probably determined by the nature of its head group, which
is mainly characterized by a minor flexibility and major
hydrogen bonding possibilities [38].

From the present study, it can be concluded that the
addition of glycine favors the micellar formation of MEGA-
10 and slightly decreases its surface activity. With regard to
the micellization process, it must be considered that when a
third component is present in the system, the micellization of
the surfactant can be modified by two different mechanisms:
(1) through specific interactions with the surfactant molecules
or (2) by changing the solvent nature [36]. Since our data do
not reveal any specific interaction between glycine and
MEGA-10, it seems reasonable to assume that the effect of
the additive on the solution behavior of the surfactant occurs
in the context of changes in the solvent properties. Our
results suggest that glycine acts as a structure making agent,
i.e., the addition of glycine enhances the structure of the
water in such a way that the introduction of a monomeric
surfactant molecule will require an additional amount of
work to overcome the added structural energy, and, as a
consequence, the surfactant will undergo a “salting out”
effect resulting in a decrease in the cmc. In other words, the
effect of glycine on the surface activity and micellization of
MEGA-10 is similar to that of a simple electrolyte. It must
be noticed that the same conclusion was drawn from a recent
study on the effects of several amino acids (including
glycine) on the cmc and surface activity of cetyltrimethy-
lammonium bromide (CTAB) [13].

@ Springer
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Fig. 3 Apparent diffusion coefficients D, versus surfactant concen-
tration at 30 °C in: (filled circle) water, (empty circle) 0.5 M glycine,
and (filled triangle) 1 M glycine. Solid lines are the best fit of data to
Eq. 2

Micellar size

From a structural point of view, micelles are mainly
characterized by two parameters: the hydrodynamic radius
and the mean aggregation number. In order to study the
influence of the glycine addition on these parameters, light
scattering and fluorescence static quenching measurements
were carried out. Figure 3 shows the apparent diffusion
coefficient, D., of MEGA-10 micelles as a function of
surfactant concentration in water and at different glycine
concentrations. Plots in Fig. 3 show two characteristic
aspects. First, it is observed a weak dependence of D, with
surfactant concentration, indicating that the intermicellar
interactions are negligible, as expected for nonionic
micelles. Second, at a fixed micellar concentration, D,
values decrease with increasing surfactant concentration,
which is mainly due to an increase in micellar size.
Moreover, it is also observed in Fig. 3 that all plots show
two different regions: at low surfactant concentration, D,
linearly decreases with glycine concentration, but above a

certain concentration, which depends on the glycine
concentration, the D, values remain roughly constant. For
these reasons, we have restricted our data treatment to the
concentration range in which D, was a linear function of
the surfactant concentration; therefore, Eq. 2 was applied.
From linear regression analysis of these data, the diffusion
coefficients at infinite dilution, D, were obtained, and
subsequently, the micelle Ry were determined according to
Eq. 3 for each glycine concentration. The values obtained
for Dy and Ry are listed in Table 2. Data in Table 2 indicate
a decrease in D, and moderate increase in Ry with
increasing glycine concentration. This result can be
interpreted in the sense that glycine induces micellar
growth, which can be due to an increase in the micellar
aggregation number, and/or an increase in hydration. It
must be mentioned that the tendency observed here for D,
and Ry is opposite to that recently reported by Rakshit and
coworkers [14] for the POE-based surfactant nonaoxy-
ethylene-n-dodecylether (C;Eg). In the case of Cj,E,, it
was found that in the presence of glycine, the micelles have
higher aggregation numbers and smaller hydrodynamic
radii, suggesting that the presence of the additive causes
some dehydration in C;,E¢ micelles. Again, this different
behavior can be attributed to the properties of the
hydrophilic sugar group, which is strongly hydrated [39],
and it seems that it can retain its hydration status in an
easier way than POE-based surfactants.

As mentioned, one of the most important parameters
characterizing the structure of micelles is the mean micellar
aggregation number (N,4,). To analyze the effect of glycine
addition on the mean aggregation number of MEGA-10
micelles, we have used two different methods: the static
quenching method and that based on static light scattering
measurements. The quenching static method was proposed
originally by Turro and Yekta [40] and is based on the
quenching of a fluorescence probe by a known concentra-
tion of quencher. Quenching experiments by using pyrene
as a luminescence probe and CPyC as a quencher were
carried out. This donor—quencher pair has been found to be
suitable for determining the aggregation number of ionic
and nonionic micelles and has been successively applied to

Table 2 Actual diffusion coefficients (D), solvent viscosities (7o), partial specific volumes (v), and other structural parameters of MEGA-10

micelles as a function of glycine concentration at 30 °C

[Glycine] (M) Dy - 10" (m?* s no (mPas) Ry (nm) M,, (Da) Nogg" v (mL g) Ry (nm)
0 11.09 0.800 2.5 25514 73 (76+1) 0.881 2.1
0.5 9.87 0.856 2.6 28659 82 (85+1) 0.884 22
1.0 8.52 0.920 2.8 32154 92 (94+2) 0.869 22

*Within parenthesis are the N,z as obtained by the static quenching method (mean value + standard deviation from three individual

determinations).
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the determination of mean aggregation numbers of numer-
ous micellar systems [41]. The quenching experiments were
analyzed by using the following equation [40]

Iy _ Nagg

In—
1 ¢ —cme

[Q] (11)

where [, and [ are the fluorescence intensities in the
absence and presence of quencher, respectively, N, is the
mean aggregation number, c is the total surfactant concen-
tration, and [Q] is the quencher concentration. Figure 4
shows representative quenching plots in micellar solutions
of the MEGA-10 at different glycine concentrations (data at
0.50 and 0.75 M glycine are omitted in Fig. 4 for clarity).
Solid lines in Fig. 4 represent the best fit of experimental
data to Eq. 11. In all these quenching experiments we found
an acceptable linear behavior (#>0.99). From the linear
regression analysis of the experimental quenching data the
values of N, that we have obtained in presence of glycine
(0, 0.25, 0.50, 0.75, and 1 M) are 76+1, 80=+1, 85+1, 88+
1, and 94+2, respectively. First of all, it is to be noted that
the N,q, value that we have obtained in pure water agrees
well with that reported by Okawauchi et al. [33] and by
ourselves through the static light scattering technique (see
Table 2). We have also employed this last technique to
determine the N,o, values of MEGA-10 at some glycine
concentrations. Our static light scattering data were treated
according to Eq. 5 as described in the “Experimental
Section.” Figure 5 shows some representative plots of the
excess scattering ratio, ARy, against the surfactant concen-
tration for MEGA-10 solutions at different glycine concen-
trations. From linear regression analysis of data in Fig. 5,
the micellar molecular weights (M,,) and, subsequently, the

04+ -

In (1/1)

02 -

0.0 A 1 A 1 A 1 A 1 A
0.00 0.04 0.08 0.12 0.16 0.20

[CPyC] (mM)

Fig. 4 Quenching plots of pyrene fluorescence in MEGA-10 micellar
solutions at different glycine concentrations: (filled circle) water,
(empty circle) 0.5 M glycine, and (filled triangle) 1 M glycine. Solid
lines are the best fit of data to Eq. 11
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Fig. 5 Excess scattering ratios (ARg) versus surfactant concentration
of MEGA-10 at different glycine concentrations: (empty circle) 0.5 M,
(filled triangle) 1 M

N,gq values were estimated. The corresponding data are
also listed in Table 2. With regard to plots in Fig. 5, it must
be remarked that in all the cases, a good linearity (»>0.99)
was observed. This behavior indicates the absence of
intermicellar interactions and also that the micellar molec-
ular weight is independent of the surfactant concentration
over the considered range. In addition, it must be pointed
out that the N,q, values that we have obtained by both
methods are in excellent agreement (see Table 2). Our
results indicate that N, values increase with glycine
concentration, showing a similar tendency to that observed
for the hydrodynamic radius. This suggests that the
observed micellar growth is due to increase of N,4, rather
than to changes in the micellar solvation status. To
elucidate this point, we have performed density measure-
ments to determine the partial specific volume, v, of
MEGA-10 micelles. The micellar partial specific volume
represents the volume occupied per gram of dry micelle. It
is well known that nonionic micelles can incorporate water
into its structure through two different mechanisms [42]: (1)
water bound by hydrogen bonding, the so-called thermo-
dynamic interaction, and (2) the osmotic flux and mechan-
ical entrapment of water within the mesh of hydrated head
groups that comprise the outer shell of the micelles, the so-
called physical interaction. Only the first mechanism
contributes to proper micellar solvation; therefore, the
partial specific volume is affected by solvent molecules
with a significant thermodynamic interaction with surfac-
tant molecules via hydrogen bonds. Water mechanically
trapped is hydrodynamic in nature and do not contribute to
proper solvation, but these water molecules diffuse together
with the micelle and do contribute to their hydrodynamic
properties. Therefore, a change in the micellar solvation
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should be reflected in a variation of v [43]. The density of
MEGA-10 solutions of varying concentrations of glycine
was determined at 30 °C. Plots of density of MEGA-10
micellar solutions as a function of surfactant concentration
(not presented) showed a good linear dependence (r>
0.999). From these plots and by using Eq. 1, we obtained
the v values listed in Table 2. As can be seen, the micellar
partial specific volume of MEGA-10 decreases around
1.4% for 1 M glycine. It is evident that this decrease is of
little significance, and we think it is essentially determined
by the increase in the solvent density, po, rather than to
changes in the hydration micellar. Probably, this behavior
stem from the strength of the hydrogen bonds between the
hydroxy groups of the sugar unit and water, which prevents
any significant changes of hydration of the head group
when the conditions of the medium are modified. It is
important to remark that this result is consistent with the
fact that the micellar pyrene 1:3 ratio index does not
experiment significant changes with the glycine concentra-
tion (see Fig. 2), indicating that the micellar micropolarity
is not affected by the presence of glycine in the medium.
Data of v were used to determine the so-called dry micellar
volume, V), by means of the equation [43]

V_vMW
o—NA

(12)

and hence, by assuming a spherical geometry for MEGA-
10 micelles, we obtained the dry micellar radius values, R,
listed in Table 2. It is observed that R slightly increases in
presence of glycine. Note that the hydrodynamic volume, as
determined by Ry, contains all the solvent molecules that
accompany the micelle in its diffusion movement, including
both the water molecules thermodynamically interacting
and those physically trapped with the micelle. Our data
show that the hydrodynamic volume of MEGA-10
increases by around 40% when the system contains 1 M
glycine, whereas the aggregation number increases by
approximately 26%. This means that the micellar growth
of MEGA-10 induced by the presence of glycine is mainly
due to the increase of the aggregation number.

Conclusions

The effect of glycine on the surface activity and micellar
properties of MEGA-10 has been studied. It was observed
that the addition of the amino acid results in a moderate
decrease of the surface activity and a significant micellar
stabilization. It was established that the action mechanism
of glycine on the physicochemical properties of MEGA-10
is similar to that of a simple electrolyte. The micelle size of
MEGA-10 increased with the glycine concentration, which
was attributed to an increase in the micellar aggregation

@ Springer

number. Although the amount of water thermodynamically
interacting with the micelle seems to be not affected by the
presence of the additive, the whole micellar solvation is
significantly enhanced with the glycine addition. In this
context, our data suggest that MEGA-10 behaves more
similarly to a conventional surfactant such as CTAB [13]
than to a POE-based surfactant such as C;,Eq [14].

Acknowledgments The authors are grateful to the Spanish Educa-
tion and Science Ministry (Project CTQ2005-04513) for financial
support.

References

1. Barret GC (1985) Chemistry and biochemistry of the amino acids.
Chapman and Hall, London
2. Breil MP (2001) Ph. D. Technical University of Denmark
3. Araki K, Ozeki T (1992) Amino acid: survey. In: Osmer K (ed)
Encyclopedia of Chemical Technology. vol. 2. 4th edn. Wiley,
New York, p 504
4. Meister RT (1999) Farm chemicals handbook. Meister, Wil-
loughby
5. Sjogren H, Ericsson CA, Evenis J, Ulvenlund S (2005) Biophys J
89:4219
6. D Aprano A, La Mesa C, Proietti N, Sesta B, Tatone S (1994) J
Solution Chem 23:1331
7. Bonincontro A, Briganti G, D Aprano A, La Mesa C, Sesta B
(1996) Langmuir 12:3206
8. Giordano R, Maisano G, Teixeira J (1997) J Appl Cryst 30:761
9. Bakshi MS, Kohli P (1997) Indian J Chem A 36A:1075
10. Rakshit AK, Sharma B (2003) Colloid Polym Sci 281:45
11. Carnero Ruiz C, Molina-Bolivar JA, Aguiar J, Peula-Garcia JM
(2004) Colloids Surf A 249:35
12. Singh SK, Kundu A, Kishore N (2004) J Chem Thermodynamics
36:7
13. Yu L, Lu T, Luan Y-X, Liu J, Xu G-Y (2005) Colloids Surf A
257-258:375
14. Sharma KS, Hassan PA, Rakshit AK (2007) Colloids Surf A
308:100
15. Ali A, Tariq M, Patel R, Ittoo FA (2008) Colloid Polym Sci
286:183
16. Makoto I, Yashushi M, Hiromi K (1997) J Phys Chem 101:7022
17. Hill K, Rhode O (1999) Fett/Lipid 101:23
18. Holmberg K (2001) Curr Opin Colloid Interface Sci 6:148
19. Molina-Bolivar JA, Carnero Ruiz C (2008) In: Carnero Ruiz C
(ed) Sugar-Based Surfactants: Fundamental and Applications,
Chapter 3. CRC, Boca Raton
20. Molina-Bolivar JA, Hierrezuelo JM, Carnero Ruiz C (2006) J
Phys Chem B 110:12089
21. Hildreth JEK (1982) Biochem J 207:363
22. Hierrezuelo JM, Aguiar J, Carnero Ruiz C (2005) Mol Phys
103:3299
23. Hierrezuelo JM, Aguiar J, Carnero Ruiz C (2006) J Colloid
Interface Sci 294:449
24. Molina-Bolivar JA, Hierrezuelo JM, Carnero Ruiz C (2006) J
Colloid Interface Sci 313:656
25. Molina-Bolivar JA, Aguiar J, Peula-Garcia JM, Carnero Ruiz C
(2002) Mol Phys 100:3259
26. Cichocki B, Felderhof BU (1990) Phys Rev A 42:6024
27. Corti M, Degiorgio V (1981) J Phys Chem 85:711
28. Molina-Bolivar JA, Aguiar J, Carnero Ruiz C (2002) J Phys Chem
B 106:870



Colloid Polym Sci (2008) 286:1281-1289

1289

29.

30.

31.

32.

33.

34.

35.

Rosen MJ (1989) Surfactants and interfacial phenomena, 2nd edn.
Wiley, New York

Kalyanasundaram K, Thomas JK (1977) J Am Chem Soc
99:2039

Aguiar J, Carpena P, Molina-Bolivar JA, Carnero Ruiz C (2003) J
Colloid Interface Sci 258:116

Ray GB, Chakraborty I, Ghosh S, Moulik SP (2007) J Colloid
Interface Sci 307:543

Okawauchi M, Hagio M, Ikawa Y, Sugihara G, Murata Y, Tanaka
M (1987) Bull Chem Soc Jpn 60:2718

Miyagishi S, Okada K, Asakawa T (2001) J Colloid Interface Sci
238:91

Rosen MJ, Aronson S (1981) Colloid Surf 3:201

36.
37.
38.
39.

40.
41.

42

Myers D (1992) Surfactant science and technology, 2nd edn.
VCH, New York

Matubayasi N, Miyamoto H, Namihira J, Yano K, Tanaka T
(2002) J Colloid Interface Sci 250:431

Molina-Bolivar JA, Hierrezuelo JM, Carnero Ruiz C (2007) J
Colloid Interface Sci 313:656

Zhang L, Somasundaran P, Maltesh C (1996) Langmuir 12:2371
Turro NJ, Yekta A (1978) J Am Chem Soc 100:5951

Zana R (1987) In: Zana R (ed) Surfactant solutions: new methods
of investigation. Marcel Dekker, New York, p 241

. Schott H (1995) J Colloid Interface Sci 173:265
43,

Carnero Ruiz C, Molina-Bolivar JA, Aguiar J, Maclsaac G,
Moroze S, Palepu R (2003) Colloid Polym Sci 281:531

@ Springer



	Effect of glycine on the surface activity and micellar properties of N-decanoyl-N-methylglucamide
	Abstract
	Introduction
	Experimental
	Materials
	Surface tension measurements
	Fluorescence measurements
	Density measurements
	Light scattering measurements

	Results and discussion
	Surface activity and micelle formation
	Micellar size

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


