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ABSTRACT 

Micelles appear when surfactants in 
an aqueous media, start to self-
assembly into aggregates above a 
certain concentration. This physical 
mechanism of the micelle formation 
is key to developing new intelligent 
materials having a strong impact in 
selective drug delivery, tissue repair, 
molecular recognition, and many 
others. In this work, Single Chain 
Mean Field Theory (SCMF) is used as a simulation method in order to study the effect of changing the flexibility of 
surfactant chain in the micellization behavior. Critical Micelle Concentration (CMC), aggregation number and micellar 
size and architecture were examined by using a coarse-grained model for the L44 Pluronic, a trademarked type of 
triblock copolymer in water at 37 0C . We found that increasing the chain stiffness, the CMC decreases. In addition, in 
agreement with previous experimental and theoretical studies we observed a significant dependence between the 
flexibility of the surfactant chain and the aggregation number. On increasing chain stiffness the aggregation number 
is increased strongly. Furthermore, a structural analysis based on surfactant heads and tail fraction distributions, as 
well as solvent fraction distribution, show us that stiffening the whole chain the resulting micellar aggregate is larger 
than an aggregate composed by flexible chains, without deviations from spherical symmetry. 

 

INTRODUCTION 

The term amphiphilic refers to those compounds 
containing both, molecules that have affinity for 
water and molecules that have affinity for oil. In 
particular, we can refer to the so-called surfactants, 
whose molecules consist of one hydrophobic head 
and one hydrophilic tail which can be linear or 
branched.  

 Due to this amphiphilic nature, surfactants have a 
very interesting behavior when they are surrounded 
by a solvent (e.g. water). For example, surfactants in a 
solution, tend to be located at the air/solution 
interface with the hydrophobic head group in the 
solution and the hydrophilic tail in the air, forming a 
layer of surfactant which reduces the surface tension 
of the solution. 
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As the surfactant concentration in solution is 
increased, the number of the hydrophobic tails is 
increased too resulting in an increase of the free 
energy of the system (Maibaum, Dinner, and Chandler 
2004). To prevent and to reduce the increase of free 
energy, surfactants start to self-associate in micelles 
which can change shape and size continuously, above 
a specific amount of concentrated surfactants which is 
called Critical Micelle Concentration (CMC) (Figure 1.).  

Figure1. Micellization process. Surfactants in water start to self-
associate into micelles above a certain concentration. Hydrophilic 
heads form an outer shell in contact with water, while 
hydrophobic tails are sequestered in the interior. 

This physical mechanism of micelles formation, made 
the surfactants to gain the interest of several 
industrial, technological and research processes 
including the improving of solubility, stability and 
targeting of nanoparticles by coating surfactants on its 
surface. Also, surfactants are very interesting in the 
cleaning industry where the Critical micellar 
Concentration (CMC) is related to the concentration 
at which solubilization in the soil removal process 
occurs. They are also used as templates for the 
synthesis of mesoporous materials, in waste water 
treatments for the separation of toxic ingredients and 
in medicine where surfactants can be used as drug 
delivery vehicles. 

Surfactants whose molecular sizes are 10-100 times 
bigger than the common surfactants are the so-called 
block copolymers. There are many types of these 
block copolymers such as diblock or triblock 
copolymers. Poly (ethylene oxide)-poly (propylene 
oxide)-poly (ethylene oxide) molecules constitute a 
type of linear triblock nonionic copolymer surfactant 
commercially available as Pluronics. Pluronics consist  

 

of a central hydrophobic poly (propylene oxide) (PPO) 
chain connected to two hydrophilic poly (ethylene 
oxide) (PEO) chains. At high concentrations of these 
surfactants, above the CMC, molecules start to self-
assemble into micelles and later, as the concentration 
increases, into worm-like aggregates(Cates and 
Candau 1990).  

The CMC of many surfactants including Pluronics, has 
been determined experimentally through a number of 
techniques including light scattering, surface tension, 
spectrophotometry, nuclear magnetic resonance, 
capillary electrophoresis and fluorimetry. For example 
(Nolan et al. 1997) have been determined structural 
properties of micelles formed by different Pluronic 
types, by using both dynamic and static light 
scattering technique. Also, (Steytler 2000) have used 
the small-angle neutron scattering (SANS) method, in 
order to investigate the temperature dependence of 
the micellar structure, which is formed by the 
poly(ethylene oxide)-poly(propylene oxide)-
poly(ethylene oxide) Pluronic L64 block copolymer in 
aqueous (D2O) solution. Spectrophotometry, 
isothermal titration calorimetry and dynamic light 
scattering method have been used from (Naskar, 
Ghosh, and Moulik 2012)  for the determination of the 
CMC, the critical micelle temperature (CMT) and the 
cloud point (CP), for Pluronics L44. However, those 
experiments have faced issues in reproducibility, 
speed and cost.  
 

On the other hand, concerning theoretical methods, 
computer simulations are able to provide a more 
complete understanding at a microscopic level, 
thermodynamically dynamic properties including the 
critical micellar concentration, the aggregation 
number, the micellar aggregates shape etc. in 
equilibrium in a fast and low cost manner. The most 
relevant simulation methods are the Monte Carlo 
(MC) simulations(Engineering 1997), where the 
equilibrium of the system is reached by a series of 
random moves, the Molecular Dynamics (MD) 
simulations (Levine et al. 2011)  which are based on 
the classical laws of motion (Newton’s second law) 
from where we can study the equilibrium and the 
Brownian dynamics (Hafezi and Sharif 2015) which 
includes frictional and random forces in Newton’s 
equations. However only a short window of time can 
be reached by these types of simulation due to the 
large amount of computation time needed. 
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 Another methods arising from the mean field 
theories are also able to predict dynamic properties in 
a wide range of surfactant systems. Specifically, the 
free energy of the system, which is written in the 
terms of sampling chains representing the surfactants, 
is minimized in order to reach the equilibrium. The 
Self-Consistent Field (SCF) and the Single-Chain Mean 
Field (SCMF) theories have been used to study block 
copolymer systems due to the fact that they are able 
to predict dynamic properties in equilibrium. In 
contrast SCMF method can take into account self-
avoiding conformations leading in a more realistic 
model of block copolymer surfactant systems 
(Garc??a Daza, Colville, and Mackie 2015b), (Garc??a 
Daza, Colville, and Mackie 2015a). 

Most of the existing studies have been focused on the 
effect of changing the surfactant chain length. For 
example (Maibaum, Dinner, and Chandler 2004)  
presented a theory for micelle assembly. Their 
theoretical predictions for the temperature and 
surfactant chain length dependence of the CMC for 
nonionic surfactants were in agreement with 
experimental data. In addition, (Bhattacharya and 
Mahanti 2001), showed that for amphiphiles of 
different chain lengths and different head-to-tail 
length ratios the CMC decreases on increasing the 
chain length. 

In our study we are focusing on the effect of changing 
the flexibility of surfactant chain. The chain flexibility 
controls the architecture of chain. More specific, 
changes in chemical composition of surfactant 
molecules have impact on the intramolecular 
interactions which will possibly affect the bending 
ability of the backbone and as a consequence they will 
affect the micellization behavior and the final 
structure-size of micelle. For example,  (Tsige, Leuty, 
and Bedard 2009) studied the microphase separation 
of symmetric diblock copolymers with different block 
stiffness and different block chain lengths using 
coarse- grained molecular dynamics simulations. 

In this work, a series of simulations within the SCMF 
theory have been used for the L44, a type of Pluronics 
which has the physical properties obtained in the 
table 1. Systematic changes in the flexibility of the 
whole chain and independently, either in the 
hydrophobic or in the hydrophilic group of the chain 
have been introduced in order to provide predictions 
of the CMCs together with the corresponding 
aggregation numbers and micellar profiles.  

 

 

 

 

Model and Simulation Method 

Simulation Method 

Single-Chain Mean Field Theory: This theory is based 

on the reduction of many-bodies problem to one-

body problem. Therefore, this theory considers a 

single central chain, that belongs to a set of 

conformations {γ} representing the surfactant, in 

order to study its interactions with the system 

(solvent and other surfactants). Specifically, these 

interactions refer to the a) Intramolecular 

interactions, which are determined in an exact way 

and to the b) Intermolecular interactions with the 

solvent and the other surfactant chains, which are 

taken within a mean-field approximation and they are 

determined by the probability distribution function of 

the chain conformations, P[α] and the distribution of 

the solvent molecules into the aggregate, by the 

minimization of the aggregate’s total free energy. 

Once the probability distribution function is known, 

any thermodynamic property of micellar aggregate 

can be calculated.   

The aggregate’s total free energy is given by: 

 

< 𝑭 > =< 𝑬 > −𝑻 < 𝑺 >    (1) 

 

 Where the energy in this system is given in terms of 

averaged energetic values of configurations of the 

surfactant, {γ}, weighted by its individual probabilities, 

P[γ]: 

 

< 𝑬 >= 𝑵∫𝑷[𝜸](𝑼𝒊𝒏𝒕𝒓𝒂[𝜸] +𝑼𝒊𝒏𝒕𝒆𝒓[𝜸])𝒅𝜸  (2) 
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Where 𝑈𝑖𝑛𝑡𝑟𝑎[𝛾] is the exact internal energy of 

conformation γ and 𝑈𝑖𝑛𝑡𝑒𝑟[𝛾] refers to the 

intermolecular energy and according to the above 

explanation is equal to: 

 

𝑼𝒊𝒏𝒕𝒆𝒓[𝜸] =     
𝜨−𝟏

𝟐
∫𝑷[𝜷]𝑼𝒊𝒏𝒕𝒆𝒓[𝜸, 𝜷, �⃗� ]𝒅�⃗� 𝒅𝜷   (3) 

+∫𝒄𝒔(�⃗� )𝑼𝒊𝒏𝒕𝒆𝒓[𝜸, �⃗� ]𝒅�⃗�  

 

The first term of the equation (3) refers to the 

intermolecular surfactant interactions of the 

conformation γ with the remaining N-1 surfactants in 

the system, where the P[β] corresponds to the 

probability distribution function of the conformation 

β and the 𝑈𝑖𝑛𝑡𝑒𝑟[𝛾, 𝑟 ] = ∑ 𝜀𝑖,𝑗𝛷𝑖(𝛾, 𝑟 )𝑐𝑖(𝛽, 𝑟 ))𝑖,𝑗 . The 

interaction parameters, 𝜀𝑖,𝑗  together with the 

interaction volume, 𝛷𝑖(𝛾, 𝑟 )𝑑𝑟  (volume in which the 

configuration γ can interact with the remaining 

conformations {β} at 𝑟)⃗⃗  ⃗ and the corresponding 

concentration, 𝑐𝑖(𝛽, 𝑟 ), make up the coarse-grained 

model. 

The second term of the equation (3) refers to the 

surfactant interaction with the solvent through its 

concentration field 𝑐𝑠(𝑟 ) at 𝑟 .  𝑈𝑖𝑛𝑡𝑒𝑟[𝛾, 𝑟 ] =

∑ 𝜀𝑖,𝑠𝛷𝑖(𝛾, 𝑟 )𝑖 , where 𝜀𝑖,𝑠 is the surfactant-solvent 

interaction parameter. 

We assume that all regions of the physical space are 

occupied by solvent or surfactant molecules by means 

of the corresponding volume fractions. This aspect is 

given by: 

 

𝝋𝒔(�⃗� ) + 𝑵∑ < 𝝋𝒊
𝒆𝒙𝒄(�⃗� ) >𝒊 = 𝟏    (4) 

 

Where the 𝜑𝑖
𝑒𝑥𝑐(𝑟 ) is the excluded volume fraction 

which is the total physical volume fraction of species i 

of conformation γ at 𝑟  that cannot be accessed by 

solvent or other surfactant molecules. 

The average excluded-volume fraction of the 

surfactant, is given by: 

 

 

< 𝝋𝒊
𝒆𝒙𝒄(�⃗� ) > = ∫𝑷[𝜸]𝝋𝒊

𝒆𝒙𝒄(𝜸, �⃗� )𝒅𝜸 (5) 

    

And the concentration fields of the surfactant 

monomers, is given by: 

 

< 𝒄𝒊(�⃗� ) >= ∫𝑷[𝜸]𝒄𝒊(𝜸, �⃗� )𝒅𝜸   (6) 

 

The entropy of the system consists of the 

conformational entropy of the chains: 

 

𝑺𝟏 = −𝒌𝑵∫𝑷[𝜸]𝒍𝒐𝒈𝑷[𝜸]𝒅𝜸   (7) 

 

And the translational entropy of the solvent 

molecules: 

 

𝑺𝟐 = −𝒌∫𝒄𝒔(�⃗� )𝒍𝒐𝒈𝝋𝒔(�⃗� )𝒅�⃗�   (8) 

 

If we sum up the equations (1), (2), ((7), (8), we obtain 

the aggregate’s total free energy: 

   (9) 

𝑭 = 𝑵∫𝑷[𝜸](𝑼𝒊𝒏𝒕𝒓𝒂(𝜸) + 𝑼𝒊𝒏𝒕𝒆𝒓(𝜸)𝒅𝜸

+ 𝒌𝑻(𝑵∫𝑷[𝜸]𝒍𝒐𝒈𝑷[𝜸]𝒅𝜸

+ ∫𝒄𝒔(�⃗� )𝒍𝒐𝒈𝝋𝒔(�⃗� )𝒅�⃗� ) 

 

Where k is the Boltzmann’s constant and T the 

temperature of the system. 

The individual probabilities of the conformations P[γ] 

in equilibrium are found from the minimizing of the 

equation (9): 

 

𝜹𝑭(𝑷[𝜸]

𝜹𝑷[𝜸]
= 𝟎  (10) 
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Subject to the volume-filling constraint in equation 

(4), by the way of the Lagrange multiplier, λ (𝑟 ). This 

gives: 

 

𝑷[𝜸] =
𝟏

𝑸
𝒆−𝓗𝑵[𝜸]/𝒌𝑻  (11) 

 

Where Q is the normalization factor which ensures 

that: 

 

∫𝑷[𝜸] 𝒅𝜸 = 𝟏  (12) 

 

And ℋ𝑁(𝛾) is the Hamiltonian given by: 

   (13) 

𝓗𝑵(𝜸) ≈ 𝑼𝒊𝒏𝒕𝒓𝒂(𝜸) 

+ (𝑵 − 𝟏)∫∑𝜺𝒊,𝒋𝜱𝜾(𝜸, �⃗� ) < 𝒄𝒋(�⃗� ) > 𝒅�⃗� 

𝒊,𝒋

 

+ ∫∑𝜺𝒊,𝒔𝜱𝒊(𝜸, �⃗� )𝒄𝒔(�⃗� )𝒅�⃗� 

𝒊

 

−𝒌𝑻∫
𝒍𝒐𝒈𝝋𝒔(�⃗� )

𝒗𝒔
∑𝝋𝒊

𝒆𝒙𝒄(𝜸, �⃗� )𝒅�⃗� 

𝒊

 

 

Where 𝑣𝑠 is the molar volume of the solvent. 

This set of nonlinear equations (4)-(6), (11), (13) 

except from the individual probabilities, P[γ], 

determination, can give us the equilibrium properties 

for aggregates of size N and also the densities and the 

concentrations. 

 

 

Model 

The first step of the SCMFT calculations is the 

definition of a coarse-grained model of a molecule 

and its interactions with the mean fields. To do so, we 

have used a coarse-grained model for Pluronic L44 

EO10PO23EO10 in water at a constant temperature of 

37 0C from a previous work. (figure 2.) (Garc??a Daza, 

Colville, and Mackie 2015b) , . This model is a linear 

chain consists of two kinds of beads with the same 

diameter σ. The first one represents the hydrophilic 

group (CH2CH2O) and the second one represents the 

hydrophobic group ((CH9CH3)CH2O )(Figure 2.). More 

specific, we can see the coarse-grained structural and 

energy specifications of our model in table 2.  

 

 

Flexibility of the chain 

The Kuhn segment length lk is a measure for the 

stiffness of the polymer chain(Aharoni 1983). More 

specific, a real polymer chain is considered as a 

collection of N Kuhn segments, each with a Kuhn 

length lK. Each segment in a freely jointed chain can 

randomly orient in any direction without the influence 

of any forces, independent of the directions taken by 

other segments. In other words, the polymer chain is 

described by a random walk with a contour length:  

𝐿 = 𝑁 ∙ 𝑙𝑘 (14) 

In a previous work, (Garc??a Daza, Colville, and 

Mackie 2015b), where the same model had been 

used, the chain stiffness had been included by using 

rigid sections of four consecutive monomers in the 

case of PO and five monomers in the case of EO 

species. 

For our hypothetical study on investigating the effect 

of stiffness in micelles formation, we have changed 

arbitrarily the number of Kuhn segments. For  
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example, for a total flexible chain we have used 2 

consecutive monomers in case of PO and 2 monomers 

in the case of EO species. On the other head, for a 

total rigid chain we have used 10 consecutive 

monomers in case of PO and 23 monomers in the case 

of EO species (table 3.). 

 

Simulation details  

In order to check that the box size is correct and the 

number of sampling chains is sufficient, we ran a 

series of simulations with different box sizes and 

different number of conformations {γ}. The 

dimensions of those boxes were between 30x30x30 

and 60x60x60 and the number of sampling chains 

from 1 thousand to 100 million. By checking the 

behavior of the standard chemical potential with 

respect to the aggregation number in SCMF equations 

(N) and the aggregation number of the micelle when 

excluding the surfactants in the bulk (Nc), we 

determined that the best behavior obtained was for 

boxes with dimensions: 40x40x40 for total rigid chain, 

45x45x45 for medium flexibility chains and 50x50x50 

for total flexible chain. In addition, a sufficient number 

of conformations {γ} was 10 million. The simulation 

was run on 12-core Intel machines, 24-core and 32-

core AMD machines with RAM memory of 64, 32 and 

128GB, respectively. 

 

 

 

Results and Discussion 

In this work, the micellization behavior and the 

physical properties of the EO10PO23EO10 Pluronic 

(Molar Weight=2200) ware studied at a constant 

temperature (T=37 0C) while systematic changes in 

the flexibility of the whole chain and independently 

either in the hydrophobic tail or in hydrophilic head 

occur. First, we studied how the chain flexibility 

affects the CMC and the aggregation number and 

second we analyzed more deeply the effect in micellar 

size and architecture.  

In the first case, in order to calculate the Critical 

Micelle Concentration (CMC), we need to determine 

the minimum Standard Chemical Potential difference 

for each case of chain flexibility. To do so, we plotted 

the Standard Chemical Potential differences, obtained 

by the SCMF theory, versus the aggregation number 

of the micelle when excluding the surfactants in 

the bulk (Nc). (Figure 3.). 

 In addition, through this figure, we are able to obtain 

the preferred aggregation number for each case, due 

to the fact that the preferred aggregation number 

corresponds to the minimum of the chemical 

potential difference. 
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As I mentioned, the CMC value in mole fraction, X, is 

taken based on the minimum of standard chemical 

potential differences according to the following 

equation:  

 

𝑪𝑴𝑪𝑿 = 𝑿 = 𝒆(
𝜟𝝁

𝒌𝑻
)𝒎𝒊𝒏  (14) 

 

Furthermore, the CMC in mole fraction, X, is related 

to the CMC in (mol/L) from the following relationship: 

 

𝑪𝑴𝑪
(
𝒎𝒐𝒍

𝑳
)
=

𝟏

𝑽𝑴+𝑽𝑺(
𝟏

𝑿
−𝟏)

  (15) 

 

Where 𝑉𝑆 and 𝑉𝑀 are the molar volume of the solvent 

(water=o.o18 L/mol) and the molar volume of the 

surfactant (Pluronic L44=2.2 L/mol) respectively 

(Kozlov et al. 2000).  

 The CMCsim, as well as the preferred aggregation 

number results appear in the table 3. 

 

 

 

We observe that in a given temperature T, the CMC 

value is smaller for stiffer chains, while the 

aggregation number is bigger. Contrariwise, when the 

surfactant chain is flexible, the CMC value is higher, 

while the aggregation number is lower. This result, is 

in agreement with previous theoretical studies. For 

example (Firetto, Floriane, and Panagiotopoulos 2006) 

have been found that increasing the chain stiffness, 

CMC value decreases while the average micelle size 

increases. 

 Now, stiffening only the tails leads to a more negative 

free energy than stiffening the heads. This has a 

consequence in significant change in aggregation 

number, which is much higher for rigid tails than for 

rigid heads. On the contrary, the CMC value is not 

much sensitive. Overall, the largest aggregation 

numbers are obtained when both head and tail 

groups are rigid. Changing only the head or the tail 

flexibility, we obtain slightly larger aggregates for 

chains with stiff tails. 

Now, In order to analyze deeply these results, we 

need to study the distribution of heads, tails and 

solvent. To do so, we plotted the density profiles of 

micelles (surfactant head, surfactant tail and solvent) 

versus the distance from the micellar center, for each 

case of stiffness. (Figure 4.). 
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Generally, in all flexibility cases, at small distances 

from the micellar center, the tail distribution function 

is close to a maximum value of 0,6 and the head and 

the solvent values are close to zero. At medium 

distances the tail distribution function decreases 

while the head and solvent increases. At larger 

distances, the head as well as the tail concentrations 

drop to zero while the solvent concentration reaches 

a maximum value close to 1, means that finally at 

large distances from the center, only solvent 

molecules are present. 

Independently, for each case of chain flexibility, we 

obtained that at small distances from the micellar 

core, the tails are more crowded and much greater for 

stiffer surfactant chains than for flexible. This 

observation leads to the larger aggregation number 

for stiffer surfactant chains. 

 

 

 

 

 

With respect to the solvent distribution function, the 

maximum related to micellar size. We can observe 

from the third plot that, the maximum value of 1, 

where only the solvent molecules are present, is 

reached faster from aggregates constitute of flexible 

chains. As a consequence the size of micelle is larger 

when is composed of stiffer surfactant chains. 

In Figure 5. are presented the schematic diagrams of 

the micelles composed by surfactant chains of twenty 

head units and twenty-three tail units with different 

chain flexibilities (total flexible and total rigid) given in 

table 3. These micelles are constructed by the most 

probable configurations of the single-chain, 

representing the surfactants in equilibrium state. As 

we can see, in the first case, where the micelle 

consists of flexible surfactant chains is smaller than 

the micelle composed of rigid chains due to the fact 

that stiffness forcing the micellar core to be bigger, as 

the tails are unable to collapse. Finally, with respect to 

the micellar architecture, no deviations from the 

spherical symmetry were observed. 

 

Figure 4. Density Profiles (density distribution of tail, Head and 

Solvent) VS Distance from the micelle center, for total rigid, total 

flexible, rigid tail and rigid head surfactant chains. 
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Conclusions 

In the present work, a series of simulations for a 

coarse-grained Pluronic model L44 (EO10PO23EO10) in 

water at a constant temperature of 37 0C, have been 

used in order to study the effect of changing the 

surfactant chain flexibility in the micellization 

behavior. SCMF theory was used as our tool for fast 

and good quality simulation results. 

Critical Micelle Concentration (CMC), aggregation 

number and micellar size and architecture was 

investigated while progressive changes in surfactant 

chain flexibility occurred. Arbitrarily changes in the 

number of Kuhn segments allowed us to change the 

flexibility either of the entire chain or, selectively of 

the hydrophobic tails or the hydrophilic head.  

The Critical Micelle Concentration (CMC) as well as 

the aggregation number were sensitive to this change. 

On increasing the chain stiffness, CMC becomes lower 

while the aggregation number is growing strongly.  

This significant increase is due to easier and 

energetically more favorable packing of stiff chains. 

Furthermore, stiffening only the tails leads to larger 

aggregates than stiffening the head units. This is 

attitude to the fact that stiff tails are forcing the 

micellar core to be bigger, as the tails are unable to 

collapse. 

In order to study better those results, we analyzed the 

density profiles of every flexibility case aggregate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

By observing the distribution function of the heads, 

tails and solvent molecules, we concluded that stiffer 

surfactant chains lead to larger micelles with much 

greater aggregation number than the flexible 

surfactant chains. This is attribute to the fact that, 

aggregates with stiffer surfactant chains, have higher 

tails concentration near the micellar core than 

aggregates composed of flexible chains. This means 

that the favorable interactions between the tails lead 

to a decrease in the free energy of the system. Finally, 

the schematic representation diagrams of aggregates 

composed of different surfactant chain flexibility, with 

respect to the micellar architecture, show that there 

are no deviations from the spherical symmetry.  

To conclude, It will be very interesting for the future, 

to expand this work in order to study the same effect 

of changing the surfactant chain flexibility in the 

dynamic part of the micellization process.  
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Figure 5. Schematic representation of aggregates, correspond to the minimum of standard chemical potential differences, for 
surfactants with 20 hydrophilic head units and 23 hydrophobic tail units and with different chain flexibility. A) Aggregate 
corresponds to a series of total flexible surfactant chains. B) Aggregate corresponds to a series of total rigid surfactant chains.  



The Effect of Flexibility on the Micellization behavior.  Pantelidou Maria 

11 | P a g e  
 

References 

Aharoni, Shaul M. 1983. “On Entanglements of 
Flexible and Rodlike Polymers” 1728 (37): 1722–
28. doi:10.1021/ma00245a008. 

Bhattacharya, A, and S D Mahanti. 2001. “Self-
Assembly of Ionic Surfactants and Formation of 
Mesostructures.” J.Phys.Condens.Matter 13 (7): 
1413–28. doi:10.1088/0953-8984/13/7/306. 

Cates, M E, and S J Candau. 1990. “Statics and 
Dynamics of Worm-like Surfactant Micelles.” 
Journal of Physics: Condensed Matter 2 (January 
1999): 6869–92. doi:10.1063/1.462787. 

Engineering, Chemical. 1997. “Aggregation Behavior 
of a Lattice Model for Amphiphiles.” 

Firetto, Vanessa, Michele A. Floriane, and Athanassios 
Z. Panagiotopoulos. 2006. “Effect of Stiffness on 
the Micellization Behavior of Model H4T4 
Surfactant Chains.” Langmuir. 
doi:10.1021/la060386c. 

Garc??a Daza, Fabi??n A., Alexander J. Colville, and 
Allan D. Mackie. 2015a. “Chain Architecture and 
Micellization: A Mean-Field Coarse-Grained 
Model for Poly(ethylene Oxide) Alkyl Ether 
Surfactants.” Journal of Chemical Physics. 
doi:10.1063/1.4913960. 

———. 2015b. “Mean-Field Coarse-Grained Model for 
Poly(ethylene Oxide)-Poly(propylene Oxide)-
Poly(ethylene Oxide) Triblock Copolymer 
Systems.” Langmuir. doi:10.1021/la504884m. 

Hafezi, Mohammad-Javad, and Farhad Sharif. 2015. 
“Brownian Dynamics Simulation of Amphiphilic 
Block Copolymers with Different Tail Lengths, 
Comparison with Theory and Comicelles.” 
Journal of Molecular Graphics and Modelling 62 
(November): 165–73. 
doi:10.1016/j.jmgm.2015.09.005. 

Kozlov, Mikhail Yu, Nikolai S. Melik-Nubarov, Elena V. 
Batrakova, and Alexander V. Kabanov. 2000. 
“Relationship between Pluronic Block Copolymer 
Structure, Critical Micellization Concentration 
and Partitioning Coefficients of Low Molecular 
Mass Solutes.” Macromolecules. 
doi:10.1021/ma991634x. 

Levine, Benjamin G., David N. Lebard, Russell Devane, 
Wataru Shinoda, Axel Kohlmeyer, and Michael L. 
Klein. 2011. “Micellization Studied by GPU-
Accelerated Coarse-Grained Molecular 
Dynamics.” Journal of Chemical Theory and 
Computation 7 (12): 4135–45. 
doi:10.1021/ct2005193. 

Maibaum, Lutz, Aaron R. Dinner, and David Chandler. 
2004. “Micelle Formation and the Hydrophobic 
Effect.” The Journal of Physical Chemistry 108: 
6778–81. doi:10.1021/jp037487t. 

Naskar, Bappaditya, Soumen Ghosh, and Satya P 
Moulik. 2012. “Solution Behavior of Normal and 
Reverse Triblock Copolymers ( Pluronic L44 and 
10R5 ) Individually and in Binary Mixture.” 
doi:10.1021/la3000729. 

Nolan, Stuart L, Ronald J Phillips, Patricia M Cotts, and 
Stephanie R Dungan. 1997. “Light Scattering 
Study on the Effect of Polymer Composition on 
the Structural Properties of PEO – PPO – PEO 
Micelles” 302 (191): 291–302. 

Steytler, David C. 2000. “Temperature-Dependent 
Aggregation Behavior of the,” no. 11: 8555–61. 
doi:10.1021/la000008m. 

Tsige, Mesfin, Gary Leuty, and Joe Bedard. 2009. 
“Effect of Chain Stiffness on the Morphology of 
Diblock Copolymer Melts.” Journal of Polymer 
Science, Part B: Polymer Physics. 
doi:10.1002/polb.21858. 

 

 

 

 

 

 

 

 

 

 

 

 



The Effect of Flexibility on the Micellization behavior.  Pantelidou Maria 

12 | P a g e  
 

 



The Effect of Flexibility on the Micellization behavior.  Pantelidou Maria 

13 | P a g e  
 

 


