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ABSTRACT 20 

We investigate multicompartment micelle consisting of poly(2-oxazoline)-based 21 

triblock copolymers for nanoreactor application, using DPD simulation method to 22 

characterize the internal structure of micelle and the distribution of reactant. The DPD 23 

simulation parameters are determined from the Flory-Huggins interaction parameter (χFH). 24 

From the snapshots of the micellar structures and radial distribution function of polymer 25 

blocks, it is clearly presented that the micelle has the feature of the multicompartment. In 26 

addition, by implementing the DPD simulations in the presence of reactants, it is found that 27 

Reac-C4 and Reac-OPh are well associated with the hydrophilic shell of the micelle whereas 28 

other two reactants such as Reac-Ph and Reac-Cl are not incorporated into the micelle. From 29 

our DPD simulations, we confirm that the miscibility (solubility) of reactant with the micelle 30 

has strong correlation with the rate of hydrolysis kinetic resolution. Utilizing accurate 31 

methods evaluating accurate χFH parameters for molecular interactions in micelle system, this 32 

DPD simulation can have a great potential to predict the micelle structures consisting of 33 

designed multiblock copolymers for useful reactions. 34 

 35 

 36 

 37 

 38 

 39 

 40 

Keywords: hydrolytic kinetic resolution, multicompartment micelle, dissipative particle 41 

dynamics simulation, Flory-Huggins interaction parameter 42 

 43 

44 

Page 2 of 25Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



3 

 

1. INTRODUCTION 45 

Multicompartment micelle has gained intensive attention in recent catalysis chemistry 46 

community.
1-8

 This material contains multiple well-defined spaces in nanoscale structure, 47 

which has shown great potentials for nanoreactor technology.
1-10

 Owing to the successful 48 

progress in fine synthesis in polymer chemistry, well-defined architecture in multi-block 49 

copolymer chain leads to a highly controlled morphologies and functionalities of their 50 

aggregates.
6
 Especially, the placement of reactive substrates or catalysts on the hydrophobic 51 

blocks results in highly localized compartmental space in the micellar core in aqueous solvent 52 

environment.
4, 6, 9-11

 Besides, the hydrophilic shell of micelle can protect these sites from any 53 

undesirable environments such as solvents and impurities which can cause deactivation of 54 

chemical reaction or degradation of products.
2, 4, 7, 8, 11, 12

  55 

 According to the report from O’Reilly and coworkers,
3, 5, 13

 smart micelle 56 

nanoreactor with a selectivity towards reactants can be generated through introducing specific 57 

interactions such as hydrogen bonding, ionic and hydrophobic interactions, implying that 58 

reactive catalysts can be embedded in such nanoreactors.  Since catalysts are highly 59 

localized and encapsulated within the core of micelle, the accessibility of reactants to the 60 

reactive core is one of the most crucial factors in developing successful micelle-based 61 

nanoreactors. For instance, Weck and coworkers
4, 11

 have studied the poly(2-oxazoline)s 62 

(POXs) based shell cross-liked multicompartment (SCM) micelle which can be utilized as 63 

nanoreactor for the hydrolysis kinetic resolution (HKR) of epoxides. Although the 64 

recyclability of catalysts was enhanced by cross-linking the shells in the micelle, it was 65 

observed that the HKR of some epoxides was carried out in the SCM micelle nanoreactor 66 

with unexpectedly slow rate: the HKR of epichlorohydrin with Co(III)-salen (catalyst) was 67 

completed within 5 hours without using micelle, whereas it was not completed in the micelle 68 
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even after 24 hours. This result might be due to the shell of micelle blocking the reactive sites 69 

as a structural barrier in the micelle. In this case, the transport or permeation of reactant 70 

through such structural barrier plays an important role for determining the rate of the HKR of 71 

epoxides.   72 

In our previous study,
14

 regarding the structural barrier as a permeation barrier, we 73 

investigated the correlation of Flory-Huggins parameter (χ) with the reaction rate of HKR 74 

using full-atomistic molecular dynamics (MD) simulation method. The Flory-Huggins 75 

parameter (χ) is a measure of the solubility (or miscibility) of reactants with the micelle, 76 

which is a main governing factor for the permeability of the reactants. Although our full-77 

atomistic MD simulations successfully described the association of reactants and products 78 

with the micelle as observed in experiment,
14

 it was not possible to characterize the 79 

distribution of reactants throughout the entire multicompartment micelle with large 80 

dimension using such full-atomistic MD simulation. Thus, the details of the reactant 81 

distribution in each compartment and at the interface between the compartments remains 82 

veiled up to date. 83 

 In this study, we investigated the structure of micelle consisting of POX-based 84 

triblock copolymers and its association with the reactants using dissipative particle dynamics 85 

(DPD) simulation method. DPD simulation method developed by Hoogerbrugge and 86 

Koelman
15, 16

 has been successfully employed to study the microstructure and properties of 87 

polymer phases,
17, 18

 the hydrodynamic behavior of complex fluids,
16, 19-22

 the microphase 88 

separation of polymer mixtures.
23-26

 Especially it is noted that the self-assembled structures of 89 

multicompartment micelles has been intensively characterized using DPD simulation 90 

method.
27-32

  Inspired by these efforts, we implemented the DPD simulations to elucidate the 91 

structure of micelle as a self-assembly of triblock copolymers and the distribution of reactant 92 
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molecules within the micelle.     93 

 94 

2. MODELS AND SIMULATION METHODS 95 

2.1. Models 96 

In the scheme of DPD simulation, the atomistic details of polymer structure are 97 

replaced by simplified bead-spring model, so-called coarse-grained model, whose individual 98 

beads corresponds to a group of atoms.
15, 16, 19

 In this study, three POX derivatives were 99 

expressed using few number of particles as shown in Figure 1. This coarse-graining was 100 

carried out using molecular surface area of monomeric units which was evaluated from the 101 

solvation free energy as reported in our previous paper.14 The ratio of surface area is almost 102 

PSCoX:PBOX:PMOX = 1:4:8. Then, we ran MD simulations for equilibrium conformations and 103 

found that PSCoX has more compact molecular structure. Thus, we decided to use 1:3:6 ratio, 104 

meaning that the numbers of monomers to have similar surface area are 6, 2, and 1 for PMOX, 105 

PBOX, and PSCoX, respectively. Similarly, the reactant and product molecules were also 106 

coarse-grained as presented in Table 1. Although the yellow block B has the reactive triple 107 

bond at the end of the side chain for the formation of cross-linked micelle, we simulated 108 

micelle without cross-linking in this study. However, we left the block B to keep its 109 

molecular interaction with reactants.  110 

Here, we need to emphasize the nature of coarse-grained model for DPD simulation 111 

employed in this study: in addition to the structural coarse-graining by lumping atoms into 112 

large beads, the interactions between coarse-grained beads are described by Flory-Huggins χ 113 

parameters which implicitly reflect all the detailed atomistic interactions such as van der 114 

Waals, electrostatic and hydrogen bond interactions.  Although the model loses most of the 115 

atomistic details via this aggressive simplification, the phase separation or segregation can be 116 
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6 

 

efficiently simulated using DPD simulation compared to traditional MD simulation. 117 

 118 

2.2. DPD Simulation Details 119 

The momenta and position vectors of the DPD particles are governed by Newton’s 120 

equations of motion:
15, 16, 19

 121 

 ,i
i v

dt

rd v
v

=   
i

i
i f
dt

vd
m

v
v

=      (1) 122 

where ii vr
vv

, and mi are the position, velocity, and mass of the i-th particle, respectively. The 123 

force if
v

 acting on each particle in the DPD simulation consists of three parts as shown by 124 

the following equation: 125 

 ∑
≠

++=
ij

R

ij

D

ij

C

iji FFFf )(
v

         (2) 126 

where ,, D

ij

C

ij FF and 
R

ijF are denoted for the conservative force, the dissipative force, and the 127 

random force. The three forces are considered within a certain cutoff radius rc. The 128 

conservative force is a soft repulsion acting along the line of centers and is given by 129 

 


 −

=
0

ˆ)/1( ijcijijC

ij

rrra
F         

)(

)(

cij

cij

rr

rr

≥

<
           (3) 130 

where ija and 
ijr  denote a maximum repulsion force and distance between particles i and j, 131 

respectively, and 
ijr̂  denotes a unit vector directing from particle i to particle j. The 132 

parameters for repulsion between particles of different types are obtained as a function of the 133 

Flory-Huggins interaction parameter ijχ calculated from the Hildebrand solubility parameter 134 

(δ ). The repulsive parameter ( ija ) is expressed as follows:
19

 135 

 ijiiij aa χ27.3+=          (4) 136 
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According to the regular solution theory, ijχ  can be calculated from Hildebrand solubility 137 

parameters: 138 

 
( )
RT

V jim

ij

2δδ
χ

−
=       (5) 139 

where iδ , mV , R and T are the Hildebrand solubility parameter of particle i, the mixed 140 

molar volume of particles, gas constant, and temperature (300 K).  In order to evaluate the 141 

Hildebrand solubility parameters ( iδ ), we prepared three pure systems for PMOX (DP=100, 142 

2 chains), PBOX (DP=100, 2 chains) and PSCoX (DP=30, 2 chains) and ran NPT MD 143 

simulations for 5 ns in equilibrium state. From such equilibrium MD simulations, iδ  was 144 

calculated by ( )[ ] 2/1
/ mv VRTH −∆=δ  where vH∆  is the heat of vaporization, and mV  is the 145 

molar volume.
33, 34

 146 

The dissipative force DF  and the random force RF  are expressed by:  147 

 ijijijij

DD

ij rvrrF ˆ)ˆ)((
v
⋅−= γω    (6) 148 

 ijijij

RR

ij rrF ˆ)( θσω=      (7) 149 

where Dω and Rω are weight functions vanishing for r > rc, ,ijij vvv
vvv

−=  γ is the friction 150 

coefficient, σ is the noise amplitude, and ijθ  is a randomly fluctuating variable with 151 

Gaussian statistics. The two weight functions can be taken simply as  152 

 


 −

==
0

)/1(
)]([)(

2

2 cijRD rr
rr ωω  

)(

)(

cij

cij

rr

rr

≥

<
                  (8) 153 

 TkBγσ 22 =    (9) 154 

A simulated box size was fixed at 25×25×25 rc
3
 with periodic boundary conditions. 155 
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With the reduced bead density ρ  ( mc Vr /
3= ) is 3, bead density of 3, the box contained 156 

about 47,000 DPD beads, 10% of which was used for the polymer molecules. The coarse-157 

grained structure of POX triblock copolymer was drawn as Figure 1. The time step and 158 

harmonic spring constant were taken as 0.05 and 4, respectively. The simulation took a total 159 

of 2×10
5
 DPD steps to guarantee the equilibration of the system. The equilibrium states were 160 

confirmed through monitoring pressure, temperature, density and radius of gyration of 161 

micelle. In Table 2, the repulsive parameters used in this DPD simulation are summarized. 162 

According to Groot and Warren,
19

 25=iia  was determined to obtain a compressibility of 163 

liquid water and is broadly used for liquid systems in general. Three independent simulations 164 

were performed for each system and the results were averaged. 165 

 To quantitatively analyze the simulated micellar structures, radial distribution 166 

function (RDF) was utilized. The RDF, which is usually denoted by g(r), is calculated by the 167 

following equation: 168 

 ( ) 
















∆
=−

V

N

rr

n
rg

polymerpolymer

polymerCOM /
4 2π

 (10) 169 

where polymern , V, and polymerN  denote the number of particle found in a shell ( rr ∆24π ) apart 170 

from the center of mass of micelle by the distance (r), the total volume of simulated system, 171 

and the total number of particle in the simulated system, respectively.  172 

  173 

3. RESULTS AND DISCUSSION 174 

Total 5 systems were simulated to investigate how the reactant molecules were 175 

distributed through the multicompartment micelle. The block sequence of A50B2C2 was 176 

employed: the block A, B and C represent PMOX, PBOX and PSCoX, respectively. 177 

First, a bare micelle system was simulated without reactant molecules. From Figure 2a, it is 178 

observed that the hydrophobic blocks (red color) form the micelle core by minimizing the 179 
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undesirable contact with solvent phase and other types of blocks, while the hydrophilic shell 180 

is also formed to wrap the core from the external solvent phase. From the RDF of the 181 

polymer blocks (Figure 2b), it is also observed that each domain has shell structure within the 182 

micelle system: the core domain (block C, red color) is located from the center of the micelle 183 

up to 5rc, while the most of block A (blue color) is distributed in the outermost region ranging 184 

from 2rc to 7rc. Clearly, the polymer block phases are significantly overlapped. However, it 185 

should be noted that such internal structure can be better-defined by increasing block length 186 

since the value of Nχ  increases with increasing N and thereby the phase-separation will 187 

develop more. 188 

In the following sections, the distribution of reactant molecules in the micellar 189 

structure is presented. In each case, total 450 molecules of reactant molecules were added to 190 

the micelle system (equivalent to 1.1 mol %).  191 

 192 

3.1. Reac-OPh and Reac-C4 193 

In Figure 3a, due to the weak repulsive interaction between Reac-OPh molecules and 194 

polymer blocks, numerous reactant molecules are associated in the hydrophilic domain (block 195 

A). In addition, some amount of reactant molecules are located around the core domain. 196 

According to the RDF shown in Figure 3b, it is confirmed that the reactant molecules are 197 

well accommodated in the hydrophilic shell consisting of block A from 3rc and 8rc. It seems 198 

that there are a few reactant molecules in the hydrophobic core domain.  199 

 Figure 4a shows that Reac-C4 molecules are well dispersed in micelle, which is 200 

comparable to Reac-OPh. Both cases demonstrated a strong evidence (Figure 4b) confirming 201 

that the high solubility of reactant molecules enhances the molecular association of reactants 202 

with the hydrophilic shell of micelle, and results in the high accessibility of reactant to the 203 
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reactive sites in the micelle core.  204 

 The important finding from these simulations with two reactants is that these 205 

reactants have higher rate of HKR compared to other cases. From this, it is concluded that 206 

this higher rate of HKR is correlated with the miscibility of the reactants with the micelle. We 207 

think this is because the miscibility is a component of the permeation of reactants into the 208 

reactive core of micelle.  209 

3.2. Reac-Ph and Reac-Cl 210 

In our previous studies,
14

 Reac-Ph and Reac-Cl were characterized to be less miscible 211 

in the micelle structure compared to Reac-OPh and Reac-C4, which is well described in our 212 

DPD simulations as illustrated in Figures 5 and 6. Figure 5a shows that Reac-Ph molecules 213 

form a cluster on the micelle surface, instead of being incorporated into the micelle due to the 214 

poor miscibility of Reac-Ph. Hence, the results observed from DPD simulations lead to the 215 

conclusion that the slow HKR of Reac-Ph is straightforwardly attributed to the poor 216 

miscibility between Reac-Ph and micelle.  217 

 Another reactant (Reac-Cl) with the slow rate also exhibits a poor incorporation into 218 

the micelle as similarly observed in the case of Reac-Ph. Unlike the system with Reac-Ph, 219 

Reac-Cl molecules are spread over the surface of the micelle and enter the hydrophilic shell 220 

to some extent, which is consistent with the observation in Figure 6b. We think that this 221 

difference is well explained by the repulsive interaction parameters reported in Table 1. With 222 

respect to PMOX, PBOX and PSCoX, the repulsive interaction parameters ( ija ) of Reac-Ph 223 

have greater values than those of Reac-Cl, which means that Reac-Ph undergoes more 224 

exclusion from the micelle. Besides, the larger value of ija  of Reac-Cl against water phase 225 

plays a role in driving the Reac-Cl molecules into the hydrophilic shell more. 226 

3.3. Comparison with Previous χFH Parameters  227 
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In our previous study,
14

 The χFH parameters were calculated as a function of 228 

compositions. Moreover, the energy of mixing was independently calculated from the mixed 229 

systems. In contrast, the χFH parameters used for DPD simulations are calculated using the 230 

δ   parameters without considering the concentration (or composition) as expressed by 231 

Equation (5). For this reason, it seems to be necessary to compare one set of parameters to 232 

another in order to identify any possible deficiency in the current scheme of χFH parameter 233 

calculation and its solutions to improve the quality of parameters. 234 

 Figure 7 shows the comparison of χFH parameters for variety of reactant with respsect 235 

to a polymer (Figure 7a) and variety of polymer with respect to a reactant (Figure 7b). First, it 236 

is found from the most cases that the values of χFH parameters calculated from the δ  237 

parameters for DPD simulations are smaller than those calculated from our previous MD 238 

simulation study. Although it seems to be obvious because the different χFH parameters can be 239 

resulted from the different theories, it is noted that the χFH parameters calculated from the MD 240 

simulations with the composition of 70 wt% reactant shows similar trend to those calculated 241 

from the δ  parameters. We think that this is because the δ  parameter is calculated from 242 

the condensed phase, and the composition of 70 wt% provides a similar condition of the 243 

condensed phase as used in the calculation of δ  parameters. Considering that the phase 244 

separation or segregation are determined by relative miscibility or immiscibility among 245 

components, it is anticipated that that the phase segregation described using χFH parameters 246 

with the composition of 70 wt% reactant would be in agreement with the phase segregation 247 

usign δ -based χFH parameters. 248 

Another point in Figure 7a is that the χ parameters for Reac-OPh and Reac-C4 are 249 

smaller than those for Reac-Cl and Reac-Ph with respect to PMOX, which confirms that our 250 

understanding based on the simulated χ parameters has a good predictability for HKR of 251 
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epoxides. This means that Reac-OPh and Reac-C4 have better miscibility with the micelle 252 

corona than Reac-Cl and Reac-Ph, which is in a good agreement with the observation of the 253 

previous publication.
14

 In other words, Reac-OPh and Reac-C4 are expected to be associated 254 

more with the micelle corona compared to Reac-Cl and Reac-Ph.  255 

Figure 7b presents the change of χ parameter of Reac-OPh with polymer blocks such 256 

as PMOX, PBOX and PSCoX, which provides an evaluation of χ parameter as Reac-OPh 257 

diffuses into the micelle from corona to core. First, at lower concentration conditions, namely, 258 

15 wt% and 45 wt%, the value of χ parameter with the core is smaller, meaning that Reac-259 

OPh is miscible with the core (PSCoX, the reactive site of HKR) more than with corona 260 

(PMOX) and mid-shell (PBOX). On the contrary, the χ parameter monotonously increases at 261 

higher concentration condition, meaning that diffusion of Reac-OPh towards the core of 262 

micelle becomes more difficult, which is also observed that the solubility-based χ parameter 263 

in DPD simulation. Here, please note that HKR occurs at the core of micelle, indicating that 264 

Reac-OPh will be consumed at the core. Then the concentration at the core will be reduced, 265 

which will facilitate new provision of Reac-OPh into the core.   266 

By considering this χ parameter as well as the distribution through the micelle, it is 267 

conclusively clear that the HKR has strong correlation with the miscibility (or solubility) of 268 

reactant with micellar nanoreactor. 269 

 270 

4. SUMMARY 271 

DPD simulation method was employed to simulate the multicompartment micelle 272 

consisting of 71 POX-based triblock copolymers (A50B2C2). The DPD parameters were 273 

determined according to the Flory-Huggins interaction parameter (χFH) calculated from the 274 

Hildebrand solubility parameters (δ ). Both the coarse-grained molecular models and the 275 
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RDF data from DPD simulations confirm that the micelle has the feature of the 276 

multicompartment. 277 

Next, the incorporation of reactant molecules into the multicompartment micelle was 278 

investigated. The simulations showed that Reac-C4 and Reac-OPh are well associated with 279 

the micelle, especially in the hydrophilic shell whereas Reac-Ph and Reac-Cl are not mixed 280 

with the hydrophilic shell. These findings are in a good agreement with the previous 281 

experiment
4
 and simulation study,

14
 reporting that the miscibility (solubility) of reactant with 282 

the micelle has strong correlation with the rate of HKR.  283 

 Using DPD method, the entire micelles with detailed internal multicompartment 284 

micelles feature were efficiently simulated in the presence of water phase, and the 285 

distributions of reactants through this multicompartment micelle were quantitatively 286 

characterized. By combining accurate method evaluating χFH parameters for molecular 287 

interactions in micelle system, this DPD simulation protocol can be applied for selecting 288 

promising candidates for higher rate of HKR.    289 
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 355 
 356 
 357 
 358 
Table 1. Chemical structures of reactant and product molecules and their coarse-grained 359 
model in DPD simulation. Water molecule was also coarse grained by single bead in this 360 
simulation scheme 361 
 362 

Entry Atomistic Chemical Structure 
Coarse-Grained 

Model 

1   
 

Phenyl glycidyle ether Phenol glycerol ether 

(Reac-OPh) (Pro-OPh)  

2 
   

Epoxyhexane Hexane diol 

(Reac-C4) (Pro-C4)  

3   
 

Styrene oxide Phenylethane diol 

(Reac-Ph) (Pro-Ph)  

4 
   

Epichlorohydrine Chloropropane diol 

(Reac-Cl) (Pro-Cl)  

 363 
 364 

  365 

Page 16 of 25Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



17 

 

 366 
 367 
 368 
 369 

Table 2. Repulsive interaction parameters ( ija  in Equation (4)) among the components in 370 

DPD simulation system. A, B, C, and W denote PMOX, PBOX, PSCoX and water solvent, 371 

respectively. Since each simulation includes only one type of reactant or product molecules 372 

with the polymer micelle, there is no parameter among reactant and product molecules 373 

  374 

 
A (PMOX) B (PBOX) C (PSCoX) W (Water) 

A  25.00 - - - 

B 25.01 25.00 - - 

C 26.60 26.34 25.00 - 

W 83.57 85.23 104.56 25.00 

Reac-OPh 25.84 26.17 32.93 136.35 

Reac-C4 25.00 25.04 28.70 155.98 

Reac-Ph 36.38 37.50 52.79 90.56 

Reac-Cl 30.46 31.24 42.93 108.43 

 375 

 376 
 377 

 378 
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(a) 

 

(b) 

 
 
 
 
 
Figure 1. Chemical structures of POX derivatives and their coarse-grained models in DPD 
simulation: (a) Blue, yellow, and red colored structures represent poly(2-metyl-2-oxazoline) 
(PMOX), poly(2-(3-butinyl)-2-oxazoline) (PBOX), and poly(methyl-3-oxazol-2-yl) 
pentanoate with Co(III)-salen (PSCoX), respectively; (b) Likewise, blue, yellow, and red 
colored beads denote the coarse-grained PMOX, PBOX, and PSCoX, respectively.  
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(a) 

 
(b) 

 
 
 
Figure 2. DPD simulation of bare micelle: (a) the cross-sectional view of micelle structure; (b) 
the RDF of three components from the center of the micelle. Blue, yellow, and red colored 
regions indicate block A, B, and C (the coarse-grained PMOX, PBOX, and PSCoX blocks), 
respectively 
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(a) 

 
(b) 

 
 
 
 
 
 
Figure 3. DPD simulation of micelle with Reac-OPh: (a) the cross-sectional view of micelle 
structure; (b) the RDF of four components from the center of the micelle. Blue, yellow, red, 
and green colored regions indicate bead A, B, C (the coarse-grained PMOX, PBOX, and 
PSCoX blocks), and Reac-OPh, respectively. 
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(a) 

 
(b) 

 
 
 
 
Figure 4. DPD simulation of micelle with Reac-C4: (a) the cross-sectional view of micelle 
structure; (b) the RDF of four components from the center of the micelle. Blue, yellow, red, 
and green colored regions bead A, B, C (the coarse-grained PMOX, PBOX, and PSCoX blocks), 
and Reac-C4, respectively. 
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(a) 

 
(b) 

 
 
 
 
 
Figure 5. DPD simulation with Reac-Ph: (a) the cross-sectional view of micelle structure; (b) 
the RDF of four components from the center of the micelle. Blue, yellow, red, and green colored 
regions indicate bead A, B, C (the coarse-grained PMOX, PBOX, and PSCoX blocks), and 
Reac-Ph, respectively. 
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(a) 

 
(b) 

 
 
 
 
 
 
Figure 6. DPD simulation with Reac-Cl: (a) the cross-sectional view of micelle structure; (b) 
the RDF of four components from the center of the micelle. Blue, yellow, red, and green colored 
regions indicate bead A, B, C (the coarse-grained PMOX, PBOX, and PSCoX blocks), and 
Reac-Cl, respectively. 
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(a) 

 

(b) 

 
 
 
 

Figure 7. Comparison of χFH parameters: (a) for various reactants with respect to a common 

polymeric block (PMOX); (b) for various polymeric blocks with respect to a common reactant 

(Reac-OPh). Only “χ in DPD” is obtained from coarse-grained models while all others are 

from full-atomistic models. 
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