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Abstract

Diblock copolymers composed of poly(g-benzylL-glutamate) and poly(N-isopropylacrylamide) (PNIPAAm) (abbreviated as GN) were
prepared by the ring-opening polymerization ofg-benzylL-glutamateN-carboxy anhydride (BLG-NCA) using amine-terminated PNIPAAm
as a polymeric initiator. Polymeric micelles consisting of PBLG as the hydrophobic inner core and PNIPAAm as the hydrophilic outer shell
were prepared by diafiltration method. Their critical micelle concentrations (cmc) were determined by fluorescent probe techniques with
pyrene as a hydrophobic probe. The cmc of the polymeric micelle with the thermosensitive outer shell is less influenced by temperature than
the ordinary polymeric micelle consisting of PBLG as the same innercore and poly(ethylene oxide) (PEO) as the hydrophilic outer shell
(abbreviated as GE). Fluorescence results were used to estimate the thermodynamic data of micelle formation, such as the standard Gibbs
energies (DG0), the standard enthalpies (DH0), and the standard entropies (DS0) of micellization. For the GN/water system,DS0 was found to
be positive and so was favorable to micelle formation whereasDG0, DH0, andDS0 for the GE/water system were found to be negative. The
partition constant of pyrene in these micelles has a value of the order of 5 and inflection of the change of that for GN with temperature was
found around the LCST of PNIPAAm.q 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Amphiphilic block copolymers in various selective sol-
vents can self-assemble to form aggregates on micellar
structure with a solvophobic innercore and a solvophilic
outershell. This phenomenon occurs above a critical
concentration of the block copolymer, well known as the
critical micelle concentration (cmc). For this reason, the
self-assembly of amphiphilic molecules has received
much attention, both experimentally [1–4] and theoretically
[5–8], and has been groped for application such as catalysis
[9], and drug delivery systems [10,11], etc. For such appli-
cations, information of the micellar properties such as the
cmc, the size, the aggregation number, the stability, and the
shape is needed first. The block lengths and compositions of
each of the segments affect these properties [12,13]. As the
solvophobicity of the solvophobic part of block copolymers
increases, the cmc of block copolymers decreases, and
the average aggregation number and size of the micelle

is increased since the solvent repulsion force of the
solvophobic block and the interfacial tension between the
solvent and the surface of the micellar core increase [12,13].
The size of solvent compatible block exerts an influence
upon the micellar properties. These trends can be described
and have been studied by conformational statics [7,11,14]
and thermodynamics [15,16]. The theories by Nagarajan
and Ganesh [13] and by Whitmore and Noolandi [12] sug-
gest scaling relations for these micellar parameters which
are proportional toNA

a NB
b , whereNA is the length of the

insoluble block andNB the soluble block anda andb, the
exponents of the scaling relation, represent the dependence
of the micellar parameters on the block lengths. In the
theory of Nagarajan and Ganesh [13],a and b for the R
values were 0.73 and¹ 0.17 for the polystyrene (PS) –poly-
isoprene inn-heptane and 0.7 and¹ 0.08 for the PEO –
poly(propylene oxide) (PPO) in water.

For block copolymers in organic solvents, micelle forma-
tion starts upon reducing the temperature and the enthalpy
contribution is responsible for micellization [16–18]. The
standard enthalpy of micellization of the copolymer become
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more negative when the length of the solvent-insoluble
block is increased and the worse solvents for the core-
forming block is used [19,20]. The standard entropy of
micellization is negative and, therefore, unfavorable to the
micellization process. In the case of the PEO-PPO-PEO/
water system, an increase in temperature may cause remark-
able micellization since PPO at above 158C aggregates
while the hydrophilicity of the PEO compared to PPO is
nearly constant within the temperature range from 0–1008C.

There are a number of experimental methods available
for the evaluation of cmc such as the surface tension, inter-
facial tension, light scattering, electrical conductivity, or
osmotic pressure measurement as a function of concentra-
tion. One of the most powerful techniques for the determi-
nation of the cmc, the size, aggregation number is light
scattering. However, scattering techniques are able to detect
the onset of micellization only if the cmc occurs in a con-
centration region where this technique is sensitive and this
experiment can be complicated by phenomena of secondary
association [14]. Recently, fluorescence techniques have
been suggested as a valuable tool for the investigation of
many micellar properties [21–23]. This method can detect
the onset of association for block copolymer at very low
concentration on the order of 1 ppm [24]. Wilhelm et
al. [25] developed the method for the cmc values for PS-
b-PEO copolymers in water by the fluorescence study from
pyrene (Py) which is well known as polarity-sensitive probe.

Poly(N-isopropylacrylamide) (PNIPAAm) is well known
to exhibit a lower critical solution temperature (LCST)
caused by the reversible formation and cleavage of the
hydrogen bonding between the amide group and surround-
ing water molecules with temperature change in aqueous
media. Ringsdorf et al. [26] reported thermally induced
polymer conformational changes for the fluorescently
labeled amphiphilic copolymers by fluorescently technique.
Also, Taylor et al. [27] reported that the LCST was
decreased with increasing hydrophobicity of the polymer.

In this study, the thermosensitive and ordinary block
copolymers were prepared. The effect of the conformational
change of the thermosensitive shell of the micelle composed
of poly(g-benzyl L-glutamate) (PBLG) and PNIPAAm on
the micellization with temperature was investigated and
compared to the ordinary polymeric micelle composed of
PBLG and PEO. The fluorescent probe method for the cmc
determination, proposed by Wilhelm et al. [25], was used.
Thermodynamic data of the micelle formation was also
estimated by the fluorescent method.

2. Experimental

2.1. Material

N-isopropylacrylamide (PNIPAAm) was obtained from
Tokyo Kasei and purified by recrystallization in hexane.
g-benzyl L-glutamate N-carboxyanhydride (BLG-NCA)

was prepared according to the method described by
Goodman et al. [28]. Mono amine-terminated PEO (MW
¼ 12,000) was kindly supplied by Nippon Oil and Fat Co.
and used without further purificaton. 2,29-azobisisobutyro-
nitrile (AIBN) was purchased from Polyscience Inc.
2-aminoethanthiol hydrochloride (AET·HCl) and
KOH·methanol (Potassium hydroxide volumetric standard,
1.003 N solution in methanol) were obtained from Aldrich
Chemical Company Inc.

2.2. Polymer synthesis

Amine-terminated PNIPAAm (ATPNIPAAm) was
obtained according to the method previously reported by
our group [29]. Briefly, ATPNIPAAm was prepared by radi-
cal polymerization ofN-isopropylacylamide (50 mmol) in
MeOH (20 ml) at 608C for 22 h by using AIBN (0.5 mmol)
and AET·HCl (1.0 mmol) as initiator and chain transfer
agent, respectively. The reaction mixture was degassed by
three cycles of freeze–pump–thaw process prior to poly-
merization. KOH•methanol (1.0 mmol) was added to
remove HCl from AET·HCl. The polymers were obtained
by precipitation in diethyl ether. ATPNIPAAm was ana-
lyzed by gel permeation chromatography (GPC) to deter-
mine Mn and Mw of ATPNIPAAm. The reaction scheme is
shown in Fig. 1(a).

GN diblock copolymer was obtained according to the
method previously reported [29]. Briefly, the GN was pre-
pared by ring-opening polymerization of BLG-NCA
initiated with ATPNIPAAm in DMSO at 258C at the total
concentration of BLG-NCA and ATPNIPAAm of 3 wt%.
The polymer was recovered by precipitation in diethyl ether
after 72 h when the IR absorptions at 1860 cm¹1 and
1785 cm¹1 correspond to the stretching vibrations of the
two carbonyl groups (C5 ¼ O and C2 ¼ O) of BLG-NCA
had disappeared. The reaction scheme is shown in Fig. 1(b).

Synthesis of GE diblock copolymer was carried out with
the similar method of the GN diblock copolymer. The reac-
tion scheme is shown in Fig. 1(c).

2.3. 1H NMR measurement

1H NMR spectra of the copolymers were measured in
solvent CDCl3 to estimate the copolymer compositions
and the molecular weight of PBLG blocks, using a JEOL
FX 90 Q NMR spectrometer.

2.4. GPC measurement

The molecular weight and molecular weight distribution
were characterized by elution time relative to polystyrene
monodisperse standards from GPC apparatus (Waters
Model 590 HPLC pump, Milford, USA). An Ultrastyragel
500 Å column and a Waters 410 differential refractometric
detector were used. The mobile phase was THF with a flow-
rate of 1.5 ml min¹1.
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2.5. Preparation of stock solutions

Stock solutions were prepared by firstly dissolving the
block copolymer (0.03 g) in the mixture of 10 ml of tetra-
hydrofuran/N,N-dimethylformamide[3/7 (v/v) for GN and

7/3 (v/v) for GE] in a 20-ml volumetric flask. The solutions
were then dialyzed against distilled water using cellulose
membrane tubing (12,000 molecular weight cutoff) for
micellization and to remove the organic solvents for 48 h
at room temperature. The distilled water was exchanged at

Fig. 1. Synthetic scheme for the preparation of (a) ATPNIPAAm, (b) PBLG/PNIPAAm block copolymer, and (c) PBLG/PEO block copolymer.
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Fig. 2. Representative NMR spectrum for the GE-1 (b).
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Fig. 2. Representative NMR spectrum for the GN-1 (a).
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intervals of 7,8 h. These solutions were diluted with water
to 60 ml. Aliquots of the stock solutions were diluted with
water to the desired concentration.

2.6. Sample preparation for fluorescence measurement

Sample solutions were prepared as follows: To each of
20.0 volummetric flasks a known amount of pyrene in acet-
one was added, chosen to give a Py concentration in the final
solution of 63 10¹7 M and the acetone was evaporated. To
each flask was added a measured amount of a stock solution,
followed by distilled water. The flasks were heated with
stirring for 4 h at 608C to an equilibrium of the pyrene
and the micelles. The solutions were cooled and stirred
overnight at room temperature. The samples ranged in poly-
mer concentration from 1.03 10¹4–0.5 g L¹1.

2.7. Dynamic light scattering (DLS)

The size of micelles were determined by photon correla-
tion spectroscopy using an Malvern PCS 100 spectrometer

equipped with an Malvern 7032 correlator with the mini-
mum sample time of 50 ns (system 4700, Malvern Instru-
ments, UK). The argon ion laser beam at a wavelength of
488 nm and the scattering anglev ¼ 908 were used. Micelle
size distribution was measured at 25 and 348C. The value is
expressed in number-averaged scales as unimode. Before
measurements, samples were filtered through a 0.45mm fil-
ter. The typical micelle concentration used was 1 g L¹1.

2.8. Fluorescence measurements

Steady-state fluorescent spectra were measured using a
JASCO FP-777 spectrofluorometer in the right-angle geo-
metry (908 collecting optics) with a band width of 1.5 nm for
excitation. All spectra were run on air-equilibrated solu-
tions. For fluorescence excitation spectra,lem was 390 nm.

3. Results and discussion

GN and GE block copolymers were prepared by polymer-
ization of BLG-NCA initiated by the amine-terminated
PNIPAAm in DMSO and amine-terminated PEO in dichlor-
omethane, respectively, as shown in Fig. 1(b) and (c). The
representative NMR spectrum for the GN-1 and GE-1 is
shown in Fig. 2(a) and (b), respectively. The GN block
copolymer composition was estimated from the peak inten-
sities of the signal of methylene protons (5.0 ppm) of the
PBLG block and the signal of the methyne proton (4.2 ppm)
of the isopropyl group in the PNIPAAm block in the
spectrum. Also, the GE block copolymer composition was
estimated from the peak intensities of the signal of methy-
lene protons of the PBLG block and the signal of the ethy-
lene proton (3.6 ppm) of the PEO block. The representative
GPC spectra for the GN-1 (a) and GE-1 (b) are shown in
Fig. 3. From the GPC results, the weight and number aver-
age molecular weights for the GN-1 are 38,238 and 32,656,
respectively (polydispersity¼ 1.17). The weight and
number average molecular weights for the GE-1 are
42,210 and 10,748, respectively (polydispersity¼ 3.93). It
is not clear to have broad molecular weight distribution of
GE-1 copolymer.

The compositions and molecular weights of the GN and
GE block copolymers are shown in Table 1. In Table 2, the
size of the micelles prepared by dialysis method were
shown. The results of DLS for GN and GE micelles revealed
that the size of the micelles ranged from 70–360 nm while
polymeric micelles should be small and have the narrower
size distribution. At this moment, the nature of the larger
particle size is not clear. We consider several possibilities:
(1) the individual micelles are further associated by the
hydrophobic–hydrophobic interactions between exposed
cores [30], (2) the multilayer structure with alternating con-
centric layers of solvated and undissolved blocks [14], and
(3) secondary aggregate with time due to the weak steric
stabilization of PNIPAAm and PEO chains [31]. Usually,

Fig. 3. Representative GPC spectrum for the GN-1 (a) and GE-1 (b).
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the micelle sizes become larger as the content of PBLG
increases, as expected. According to the study of Nagaragan
et al. [13], micelles grow until the free energy per molecule
of micellization reaches the minimum point with
increasing aggregation number, mainly influenced by the
free energy of formation of the micelle core-solvent inter-
face. As the PBLG content becomes larger, the free energy
per molecule of micellization has a minimum value at a
larger aggregation number. As a consequence, the micellar
size increases.

The changes of the photophysical and other properties of
pyrene by virtue of its environment make it possible to study
low and high molecular weight micelles [22,23,25], self-
assembling monolayers [32,33], and membranelike systems
of phospholipid dispersions [21,34], etc. They were focused
on the fluorescence depolarization [22], shift of the (0,0)
band in the excitation spectra, dynamics of quenching of
pyrene monomer fluorescence [23], and excimer formation
process [35,36]. The onset of intermolecular association of
the amphiphilic block copolymers at the critical micelle
concentration in water implies the formation of the hydro-
phobic environments. At this time, pyrene is preferentially
solubilized into the inner part of these hydrophobic regions
of the aggregates. Ultimately, the changes of the photophy-
sical properties due to the transfer of pyrene from a polar
environment to a nonpolar one give rise to the change of the
three features of the excitation and emission spectra; a sig-
nificant suppression in the intensity of the (0,0) vibronic
band in comparison with other bands in the emission

spectra, an increase in the quantum yield of the fluores-
cence, a shift of the (0,0) band of the La(SS ← S0) transition
from 334.5–339.5. By examining the extent of these
changes as a function of block copolymer concentration,
one can identify and determine the critical micelle concen-
tration and equilibrium constant for the partitioning of the
pyrene between the aqueous and the micelle core phases
[25]. Astafieva et al. [37] attempted to apply the method
of data treatment consisting of the deconvolution to the
techniques of cmc determination suggested by Wilhelm et
al. [25]. In accordance with one of the methods proposed by
them, we estimated cmc through a red shift of the (0,0) band
in the excitation spectrum of pyrene in water with increasing
concentrations of block copolymer.

Fig. 4 presents a fluorescence excitation spectra obtained
by measuring the fluorescence intensity (lem ¼ 390) of a
sufficiently dilute pyrene aqueous solution of GE-1 as a
function of the exciting wavelength at various concentra-
tions. An increase in the fluorescence intensity with increas-
ing polymer concentration results from the enhancement of
the lifetime of the excited state of the pyrene. It was found
that the low-energy band of the La transition of pyrene
shifted from 333–339 with increasing concentration of
block copolymer as they was incorporated into the hydro-
phobic interior of the micelles. The dependence of the ratio
I 339/I 334with the polymer concentration was shown in Fig. 5.
The subscript of 339 and 333 were chosen as the wavelength
of the (0,0) band at the lowest and highest polymer concen-
trations, respectively. In the concentration region below the

Table 1
Properties of PBLG/PNIPAAm (GN) and PBLG/PEO (GE) block copolymer in water

Sample M̄n(PNIPAAmorPEO) M̄n (PBLG) xPBLG
a cmc (g l¹1) 10¹5 K f

b

GN-1 23,000 8,500 0.27 0.0100 2.3
GN-2 23,000 15,200 0.40 0.0063 2.1
GN-3 23,000 27,000 0.54 0.0040 2.1

GE-1 12,000 8,400 0.41 0.0036 2.2
GE-2 12,000 39,800 0.77 – –
GE-3 12,000 91,700 0.88 – –

aWeight fraction of PBLG.
bEquilibrium constant for partitioning of pyrene between the aqueous and micellar phases.

Table 2
Particle size distribution and association numbers of GN and GE series measured by dynamic light scattering and circular dichroism spectroscopy, respectively

Sample PBLG (mol%) Particle size (number average: nm) Association numbers

258C 348C

GN-1 16.1 706 12 1106 45 49.4
GN-2 25.6 3506 125 3506 250 –
GN-3 37.7 3606 180 3006 120 –

GE-1 12.4 200.56 177 – 99.7
GE-2 40.0 251.96 220.6 – –
GE-3 60.5 309.96 160.9 – –
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cmc, the magnitude ofI 339/I 334 in Fig. 5 slightly increases
because the amount of monomolecular micelles, which pro-
vide space for preferential binding of the pyrene molecules
compared to the bulk water medium, is augmented with
polymer concentration.

With increasing the block copolymer concentration in the
rising part placed between the flat regions at low and high
polymer concentrations, the micellization occurs and the
micelle–unimer equilibrium moves towards the micelle
continuously, which enhances the value of theI 339/I 334

ratio, representing ultimately the extent of the pyrene solu-
bilized into the micelle core.

When we determine the cmc, it may be expected that the

cmc exists in the inflection part between the flat region at the
lowest polymer concentrations and the rising region in the
sigmoidal curve as shown in Fig. 5. Then, how can it be
taken? There are two methods for determination of the cmc
from the excitation spectra.

The first is to take the intersection of two straight lines
extendedly drawn through the points of the flat and drasti-
cally rising region of the plot. But, strictly speaking, it is not
the concentration that shows the real onset of micellization
in the block copolymers for the influence of the pyrene–
unimer and the pyrene–micelle equilibria on the fluores-
cence data is not considered. For the determination of the
true cmc, Wilhelm et al. [25] developed logically a new
method, equivalent to the second, estimating whether the
data fit better to a binding isotherm expressed in terms of
cmc or in terms of the total concentration (c). And so the
relationship equation as shown below has been obtained:

[Py]m

[Py]w
¼

F ¹ Fmin

Fmax¹ F
¼

KnxA(c¹ cmc)
1000rA

, (1)

where F ¼ I 339.5/I 334.5, Fmin and Fmax correspond to the
values ofF on the straight line on the flat part at low and
high polymer concentration, respectively, as shown in Fig.
6. Kn is the equilibrium partition constant of the pyrene
between a micellar phase and a water phase,c is the total
polymer concentration (g L¹1), xA is the weight fraction of
hydrophobic portion in the block copolymer, andrA is the
density of the micellar core, which in our system, is the
density of the PBLG core of the micelle that was assumed
to take the same values as that of PBLG witha-helical and
crystal structure (1.279 g ml¹1) and we postulated that it
does not change against temperature.

Plots of (F ¹ Fmin)/(Fmax ¹ F) vs. c shown in Fig. 6
enable one to obtain the true critical micelle concentration
and plots of (Fmax ¹ F)/(F ¹ Fmin) vs. 1/(c ¹ cmc),

Fig. 4. Excitation spectra monitored atlem ¼ 390 nm for the sample GE-1
showing the shift in the (0,0) band as pyrene partitions between aqueous
and micellar environments.

Fig. 5. Plots of the intensity ratiosI 339/I 333 from excitation spectra of the
GE-1 block copolymer.

Fig. 6. Plots of (F ¹ Fmin)/(Fmax ¹ F) against logc.
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which enable one to obtain the equilibrium partition con-
stant [32]. Representative plots of (Fmax ¹ F)/(F ¹ Fmin) vs.
1/(c ¹ cmc) for GN-2 and GN-3 at 258C are shown in
Fig. 7.

Plots of the intensity ratio ofI 339.5/I 334.5 (from pyrene
excitation spectra) vs. logc for GN and GE block copoly-
mers according to various temperature are shown in Figs 8
and 9, respectively. As the temperature increases, a shift of
the cmc to the higher concentration is found due to the effect
of temperature on the equilibrium between micelles and free
chains. The equilibrium constant at low temperatures is
relatively in favor of micelle formation compared to that
at high temperatures. As shown in these figures, the increase
of the cmc for GN is less than that for GE. This is originated
from the enhancement of the micelle stability owing to the
shrinkage of the outer shell, PNIPAAm, of the GN block
copolymer. In the study on the dependence of the micellar
properties on the size of the solvent compatible block done
by Nagarajan and Ganesh [13], the shorter the length of the
solvophilic block is, the lower the cmc becomes. Like this,
as the hydrophilicity of the shell of GN-1 becomes lower
against temperature, the cmc should come to be lower.
However, the unimer–micelle equilibrium according to
temperature counterbalances this effect. Consequently, the
cmc slightly increases with temperature. The properties of
the micelle such as cmc, aggregation number, and micellar
size, etc., were largely affected by the length of the hydro-
phobic part of the block copolymer. In these experiments,
because the molecular weight of the PBLG, hydrophobic
part, of the GN-1 and GE-1 block copolymer is very similar
to each other, the comparison of the change of the cmcs for
these polymers is reasonable. We neglect the possibility of

the solubilization of the pyrene to the shell in the GN poly-
mer above the LCST of the PNIPAAm.

Plots of the cmc as a function of 1/T for solutions of GN
and GE in water are shown in Fig. 10. All of these plots were
linear within the experimental error over the dilute solution
range studied. The slope corresponding to GN has a lower
dependence on the temperature than that equivalent to GE as
shown in Fig. 6.

Fig. 7. Plots of (Fmax ¹ F)/(F ¹ Fmin) against 1/(c ¹ cmc) for GN-2 and
GN-3 at 258C.

Fig. 8. Plots of the intensity ratio ofI 339.5/I 334.5 (from pyrene excitation
spectra) vs. log c for PBLG/PNIPAAm block copolymer (MW of PBLG:
8,500) according to various temperatures.

Fig. 9. Plots of the intensity ratio ofI 339.5/I 334.5 (from pyrene excitation
spectra) vs. logc for PBLG/PEO block copolymer (MW of PBLG:
8,400) according to various temperatures.
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Standard Gibbs energy,DG0, standard enthalpy,DH0, and
standard entropy,DS0, of micellization were determined
from the experimental data by means of the following
equations:

DG0 > RT ln(cmc), (2)

DH0 > R
d ln(cmc)

dT ¹ 1 , (3)

DS0 >
DH0 ¹ DG0

T
: (4)

The thermodynamic data for micellization of the GN-1
and GE-1 copolymer in water at 25 and 658C are given in
Table 3. The standard Gibbs energies of micellization for
both the GN and the GE copolymer are negative values, as
expected. The negative standard enthalpy of micellization is
caused by the exothermic interchange energy accompanying
the replacement of PBLG segment/water interactions by
PBLG segment/PBLG segment and water/water interactions
in micelle formation. The enthalpy is responsible for
micellization. In the GE/water system, the contribution of
the negative standard entropy for micellization is nearly
negligible. In the GN/water system, The standard entropy

shows a positive value and is responsible for micelle
formation.

As shown in Fig. 11, the equilibrium constant for parti-
tioning of pyrene between the aqueous and micellar phases
for GE-1 decreases linearly within experimental error
against temperature accompanying to the movement of the
micelle–unimer equilibrium toward the micelle. But, in
GN-1, the diminution rate of the equilibrium constant
against temperature becomes less around the LCST of
PNIPAAm because the conformational change of the
PNIPAAm, as the shell of the micelle, protects the micelle
having a hydrophobic core to solubilize the pyrene from the
dissociation according to temperature.

4. Conclusion

Two sorts of micelles consisting of PBLG and PNI-
PAAm, or PEO were prepared and their micellar properties
were characterized and compared to each other.

It was found that as the size of the hydrophobic part of
block copolymers becomes larger, the size of the micelles is
larger. GN micelle is more stable to the temperature than GE
micelles due to the PNIPAAm in the diblock copolymer.

Fig. 10. Plots of cmc of GE-1 and GN-1 block copolymers against t-
emperature.

Fig. 11. Plots of the equilibrium constant (K n) for partitioning of pyrene
between the aqueous and micellar phases as a function of solution tempera-
ture for GN-1 and GE-1 in water.

Table 3
Thermodynamic data for the micellization of the GN-1 and GE-3 block copolymer in water at 25 and 658C

Sample DG0 (258C) DG0 (658C) DH0 DS0

(kJ mol¹1) (kJ mol¹1) (kJ mol¹1) (kJ mol¹1 K ¹1)

GN-1 ¹ 28.5 ¹ 31.6 ¹ 4.37 0.0803
GE-3 ¹ 31.1 ¹ 30.4 ¹ 33.9 ¹ 0.009
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The enthalpy factor in the GE/water system and both the
entropy and enthalpy factors in the GN/water system are the
driving force for micellization.
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