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Abstract: The Crystallization-Driven Self-Assembly of polymers based on semi-crystalline poly(ε-

caprolactone) cores is currently an area of high interest on account of their well-known biocompatibility 

and biodegradability, yet a comprehensive understanding of coil-crystalline-coil type triblock 

copolymer assembly behaviour with respect to this core chemistry is yet to be realized. Herein, we 

demonstrate the simple preparation of well-defined tuneable 1D and 2D structures based on poly(ε-

caprolactone) (PCL) triblock copolymers of different block ratios synthesized by ring-opening 

polymerisation (ROP) and reversible addition–fragmentation chain transfer (RAFT) polymerization. In 

this report, the assembly of PCL-based amphiphiles in various solvents was investigated to tune the 

morphology and size of the assemblies, with well-defined 2D platelets and long cylinders produced 

when using long, soluble coronal blocks or under good solvent conditions. By contrast, truncated short 

fibres were obtained for less soluble PCL-containing block copolymers or under poor solubility 

conditions for the core block as a consequence of the increasing amount of nuclei formed in the 

crystallization process. Furthermore, the length of PCL-based 1D nanostructures could be controlled by 

tuning self-assembly conditions, where the micelles’ lengths varied from 93 to 1200 nm with narrow 

dispersities. This simple assembly methodology greatly simplifies the lengthy procedure required to 

prepare biodegradable 1D and 2D nanostructures from PCL with tuneable sizes, which demonstrate 

great potential as drug-delivery vehicles in the realm of biomedicine. 

  



Introduction 

In the past few decades, the self-assembly of amphiphilic block copolymers (BCPs) in solution has 

offered an increasingly versatile bottom-up synthetic route to a wide range of nanoparticles with various 

microstructures and functionalities.1-5 Recently, growing attention has been paid to the Crystallization-

Driven Self-Assembly (CDSA) of block copolymers on account of the faculty to have access to well-

defined 1D cylinders6-9 and 2D platelets.10-13 As a seeded-growth methodology for block copolymer 

crystallization in solution, living CDSA has emerged as a highly promising and versatile route to 

uniform core-shell micelles with control over dimension and architecture.14, 15 In addition, this newly 

developed technique enables the achievement of intricate multi-component morphologies such as 

patchy or hollow rectangular platelets,16 “cross-shaped” supermicelles,17 non-centrosymmetric 

cylindrical micelles18 and multidimensional hierarchical structures.19 

In addition to the seeded-growth approach, self-seeding is also a commonly utilized strategy to control 

micelle size and dispersity using the CDSA process. In a typical self-seeded formulation, a 

semicrystalline block copolymer is suspended in a solvent and heated above its apparent dissolution 

temperature. Upon heating, the majority of the block copolymer dissolves, but a few crystallites survive. 

The heated solution is then cooled, and the solubilized unimers deposit on the nuclei, resulting in crystal 

growth to form cylindrical or platelet nanostructures. Semi-crystalline polymers such as 

poly(ferrocenyldimethylsilane) (PFS),20, 21 poly(3-hexylthiophene) (P3HT),22 poly(2-

(perfluorooctyl)ethyl methacrylate (PFMA)23 and polyethylene glycol (PEO)24 have been exploited in 

this process, yielding uniform 1D or 2D micelles with controllable size by varying aging temperature, 

as higher temperatures increase the solubility of the unimers and reduce the overall proportion of seed 

crystals, leading to fewer and larger nanoparticles after cooling and aging. Apart from temperature, the 

solvent composition is also of great significance in the self-seeding process. For example, the size of 

uniform diamond lamellae obtained from poly(L-lactide)-block-polydimethyl acrylamide (PLLA-b-

PDMA) diblock copolymers could be exquisitely tuned by varying the fraction of common solvent, a 

good solvent for core and corona block, used during self-assembly.25 Similarly, increasing the fraction 

of good solvent was observed to decrease the fraction of undissolved crystal seeds during CDSA of 



PFS-containing block copolymers, increasing the proportion of unimers and thus yielding larger 

aggregates.21 Altogether, this self-seeding approach facilitates good control over a variety of CDSA 

systems. 

Apart from the most widely studied CDSA block copolymer PFS,26 additional semicrystalline polymers 

have been recently reported; for example, π-conjugated polymers poly(3-octylthiophene),27 

poly(phenylenevinylene)28 and biodegradable polymers PLLA29-32 and poly(ε-caprolactone) (PCL).33, 34 

PCL based diblock copolymers were demonstrated to assemble into cylinders and platelets via CDSA,35, 

36 and these assemblies were evidenced to undergo living seeded-growth to different lengths or 

dimensions with narrow size dispersities.37, 38 Xu and co-workers also reported that the assembly 

morphology of PCL based diblock copolymers could be tuned from long cylindrical micelles to shorter 

ones or varied between 2D lamellae to 1D cylinders simply by adjusting coronal interactions, where 

corona repulsion could be manipulated to break large crystals into fragments.39, 40 However, most of the 

CDSA studies regarding PCL focus on coil-crystalline diblock copolymers, with only one example 

referring to coil-crystalline-coil triblock copolymers.41 In this report, Wang et al. investigated the effects 

of the block copolymer compositions on the micelle morphologies with diblock copolymers PCL-b-

poly[2-(dimethylamino)ethyl methacrylate] (PCL-b-PDMAEMA), whereas a triblock counterpart 

PEO113-b-PCL62-b-PDMAEMA30 was only studied for comparison.41 Therefore, regarding triblock 

polymers with crystallizable middle block PCL, a deeper understanding of the CDSA process is still 

required and a general route to prepare crystalline nanoaggregates with those polymers has yet to be 

explored. Herein, we leverage knowledge gained from previous work in group regarding CDSA of 

PDMA-b-PLLA-b-PDMA triblock copolymers to study a new triblock system based on PCL. Whilst 

PLLA and PCL are superficially similar in their chemical structures, they possess remarkably different 

properties (i.e., thermal transition temperatures, crystal structures, degradation behaviour, etc.) and self-

assembly behaviour, warranting an independent investigation into CDSA of PCL-based triblock 

copolymers.42 We present a comprehensive CDSA study of PCL-based ABA type triblock copolymers, 

wherein PDMA was used as the stabilizer block. It was found that polymer composition determined the 

morphology and size of the corresponding assemblies, allowing access to hexagonal platelets or 



cylindrical micelles with controllable dimensions. Furthermore, it was shown for the first time that 

CDSA could be conducted using PCL-based block copolymers via a self-seeding approach at room 

temperature, where the size of the micelles could be tuned by varying solvent composition. The methods 

developed in this work provide a simple and consistently reproducible protocol for the preparation of 

well-defined biodegradable 1D and 2D nanostructures, whose size and morphology are expected to 

facilitate applications in drug delivery, and tissue engineering. 

Results and discussion 

A suite of triblock copolymers of PDMAx-b-PCLy-b-PDMAx with low dispersity (ĐM <1.2) and varied 

block lengths (Figure S1-S7 and Table 1) were synthesized by a combination of ring-opening 

polymerization (ROP) and reversible addition–fragmentation chain transfer (RAFT) polymerization 

(Scheme S1) following methodology reported by our group.29  

 

Table 1. Characterisation of PDMAx-b-PCLy-b-PDMAx triblock copolymers with varying core and 

corona lengths. 

Triblock copolymer Entry 
Mn,NMR

a 

(kDa) 

Mn,SEC
b 

(kDa) 
ĐM

b 
Solvophobic 

content (wt%)c 

PDMA40-b-PCL30-b-PDMA40  T1 10.7 13.5 1.09 32 

PDMA96-b-PCL30-b-PDMA96  T2 22.8 27.4 1.15 15 

PDMA150-b-PCL30-b-PDMA150  T3 34.2 38.4 1.18 10 

PDMA47-b-PCL40-b-PDMA47  T4 14.3 18.1 1.13 32 

PDMA124-b-PCL40-b-PDMA124  T5 30.4 36.2 1.14 15 

PDMA203-b-PCL40-b-PDMA203  T6 44.6 48.3 1.17 10 

PDMA75-b-PCL60-b-PDMA75  T7 21.4 25.3 1.08 32 

PDMA190-b-PCL60-b-PDMA190  T8 45.6 49.3 1.13 15 

PDMA302-b-PCL60-b-PDMA302  T9 68.4 71.3 1.18 10 

a Calculated by 1H NMR spectroscopy (400 MHz, CDCl3). 
b Measured by SEC (DMF with 5 

mM NH4BF4, PMMA standards). c PCL weight fraction in the PDMAy-b-PCLx-b-PDMAy 

triblock copolymers was calculated by 1H NMR spectroscopy. 

 

It was previously demonstrated that PCL-b-PDMA diblock copolymers could yield cylindrical 

morphologies by carrying out CDSA in a single alcoholic solvent after a heating-cooling process.37 



Meanwhile, in the case of PLLA based block copolymers, it was also found that coil-crystalline-coil 

architectures (PDMAx-b-PLLAy-b-PDMAx) could improve polymer solubility in comparison to its 

diblock coil-crystalline counterpart (PLLAy-b-PDMAx), thus allowing CDSA merely by dissolving and 

aging at room temperature.37 Analogous to this, the system used in this report also uses PDMA corona 

chemistry, however it relies on an alternative polyester block – PCL. Based upon the similarity in 

overall block copolymer structure, it was hypothesized that this room temperature assembly 

methodology would also be applicable to our PCL triblock system. Therefore, a series of alcoholic 

solvents (i.e. methanol, ethanol, 1-propanol, 1-butanol) were screened for CDSA of PDMAx-b-PCLy-

b-PDMAx at room temperature. Triblock copolymers could be dissolved in methanol, ethanol, 1-

propanol and 1-butanol (5 mg mL-1), with a weak Tyndall effect observed for the polymer solutions. 

For example, during the assembly of T5, the solutions gradually became turbid after aging for two days 

at room temperature, which suggested the formation of larger aggregates (Figure 1).29 Transmission 

electron microscopy (TEM) analysis of the assembly solutions showed that cylindrical micelles were 

obtained from all the alcoholic solvents listed above. To be specific, in methanol, very long micelles (> 

4 µm) were observed (Figure S8a) and proved to be crystalline by Wide Angle X-ray Scattering 

analysis (Figure S9), whilst changing the assembly solvent to a less polar alcoholic solvent (i.e. ethanol) 

yielded long nanoparticles (>4 µm) mixed with short ones (0.5-4 µm) (Figure S8b). Furthermore, when 

the less polar solvents were used (1-propanol and 1-butanol), much shorter nanoparticles were observed 

(< 2 µm) (Figure S8 c and d). Based on these initial results, the self-assembly process was postulated 

to occur as follows (Figure 1): at first, most of the polymer chains are dissolved as unimers in the 

alcoholic solvent, with the remaining insoluble polymers forming crystal nuclei. Subsequently, free 

polymer chains deposited on these nuclei, evolving into larger crystallites (i.e. crystalline cylinders) 

upon aging of the samples. Solvent quality plays a vital role in the CDSA process. Increased unimer 

solubility: (1) limits the proportion of nuclei in the assembly solution; and (2) increases the mobility of 

the crystallizable PCL core-forming block, favouring its deposition on the growing crystal front over 

the creation of new nuclei or aggregation (i.e., micelle formation). This explains why long cylinders are 

obtained in methanol (a good solvent for the semi-crystalline PCL blocks) and short cylinders from 1-

butanol.   



 

 

Figure 1. Schematic representation of the preparation of crystalline micelles by PDMAx-b-PCLy-b-

PDMAx triblock copolymer: polymer powder was dissolved into methanol at 5 mg mL-1 at r.t. (25 ℃). 

Initially, the Tyndall effect is very weak, which indicated that the majority of polymer was solubilized. 

After aging for two days at r.t., the Tyndall effect was much stronger, suggesting the formation of more 

or larger cylinders. 

To further confirm the assumption that unimer solubility influenced the micelle length, assembly in 

mixed solvents of varying proportions was tested. It was known from the above work that methanol is 

a good solvent for the polymer, whereas water doesn’t solubilize polymer T5 at room temperature (5 

mg mL-1) (Figure S10). Therefore, polymer T5 was assembled under the same conditions i.e. 5 mg mL-

1 at room temperature but in different solvent systems (20-40 v/v %, H2O in MeOH). After aging for 

two days, TEM analysis (Figure 2c and Figure S11) revealed that a 20 v/v % H2O in MeOH resulted 

in the formation of cylindrical micelles, but a dramatic decrease in the micelle length (Ln = 270 nm) 

was observed in comparison to the 100% methanol sample (Ln > 4 μm, Figure 2b). These data support 

the assumption that decreased micelle length for our triblock copolymer system was caused by lower 

unimer solubility, thus leading to a larger proportion of seeds (Figure 2a). In addition, as the water ratio 

was further increased to 30 v/v % and 40 v/v %, the micelles became even shorter, with average lengths 

of ca. 95 nm and 55 nm, respectively (Figure 2d, e and Figure S11).  



 

Figure 2. a) Schematic representation of the assembly of micelles achieved from polymer T5 in 

methanol/water mixed solvents with different ratios at 5 mg mL-1 and aged at r.t. for two days. TEM 

micrographs of T5 assembled in b) 100 vol % methanol, c) 20 v/v % H2O in MeOH, d) 30 v/v % H2O 

in MeOH e) 40 v/v % H2O in MeOH. Samples were negatively stained using a uranyl acetate solution 

(0.5 w/v %). 

Since the cylindrical micelles obtained were reasonably uniform and the assembly solution was 

solubilized initially, the “self-seeding” CDSA process was assumed to be occurring in this system. To 

validate this assumption, a kinetic self-assembly study was performed with polymer T5, using standard 

assembly conditions (5 mg mL-1 in methanol at r.t.). An aliquot was taken from the assembly solution 

after 0 h, 3 h and 24 h aging time, respectively, for TEM inspection. Surprisingly, spherical micelles 

were exclusively observed on the TEM grid initially (Figure 3a, 0 h). However, as the aging time 

increased, short cylinders began to emerge (Figure 3b), and by 24 h, longer fibres (Figure 3c) were 

observed. The assembly process was also monitored in situ by dynamic light scattering (DLS). To keep 

consistency, the assembly condition applied here is the same as TEM inspection (polymer T5, in 

methanol, 5 mg mL-1). Mean count rate refers to the actual average number of photons per second 

arriving at the detector, namely scattering intensity. It was found that in the initial stages the mean count 

rate was low, 212 kilo counts per second (kcps), indicating the absence of large aggregates. However, 



as the aging time evolved (10 min intervals for signal collection), the mean count rate continuously rose 

up to 988 kcps at 24 h (Figure 3d), suggesting the formation of assemblies gradually. Considering the 

aggregate size distribution averaged by intensity, signals below 50 nm were assigned to unimers or 

spheres, and higher average size values were assumed to be aggregates (Figure 3e). During the kinetic 

experiments, the intensity % of distribution in large size area and the average sizes continuously 

increased in the process, consistent with the fact observed by TEM that large cylinders gradually formed 

over time. Microdifferential scanning calorimetry (μDSC) analysis was applied to further corroborate 

our assumption. Here, the assembly solution (polymer T5, 5 mg mL-1 in methanol) showed no melting 

peak after dissolution, whereas a sharp peak around 27 ℃ was observed after aging for three hours and 

a melting peak with higher intensity was further evidenced after one day (Figure 3f). These results 

proved the absence of large crystalline aggregates at first and the growth of the crystalline structures 

afterward, which strongly supports the presumed self-seeded assembly process. Slightly different from 

our initial assumption of self-seeded growth, these kinetic experiments further established that these 

polymers were not only molecularly dissolving into unimers, while leaving a few nuclei, but also formed 

spherical micelles. These spheres can be considered as a reservoir of unimers that gradually release free 

polymer chains into the assembly solution. During the progression of the crystallization, unimers were 

continuously deposited on the growing crystal front (Figure 3g). Thus, the amount of spherical micelles 

diminished accordingly to replenish the consumed unimers. In addition to the example polymer (T5), 

the coexistence of spheres and cylinders (or lamellae) was also observed in the other assembly tests in 

their initial assembly stages, such as for polymer T6 and T4 (aging for 3 h, Figure S12a and c). 

Similarly, the proportion of spherical micelles declined considerably as the assembly solutions were 

aged longer (1 day, Figure S12b and d).  



   

Figure 3. TEM micrographs of the micelles achieved from polymer T5 in methanol (5 mg mL-1) at r.t.: 

a) 0 h b) 3 h c) 24 h. Samples were negatively stained using uranyl acetate (0.5 w/v %). d) Mean count 

rate monitored from assembly solution, polymer T5 5 mg mL-1 in methanol at r.t. in situ with a 

measurement interval of 10 min e) Size distribution averaged by intensity over the same time period. 

Each measurement was repeated five times. f) μDSC heating traces of a 5 mg mL-1 in methanol solution 

of polymer T5, the assembly samples were analysed after aging for 0 h, 3 h and 24 h at r.t. The scanning 

rate is 1 K min-1. g) Schematic representation of the preparation of crystalline micelles from a PDMAx-

b-PCLy-b-PDMAx triblock copolymer. 

Although the kinetics of the assemblies’ formation from polymers T4, T5 and T6 are similar as 

mentioned above, the obtained micelle sizes or morphologies were different as a consequence of the 



variation in corona block lengths. In order to understand how the block length and ratio of PCL based 

triblock copolymers influenced their CDSA behaviour, a series of PDMAx-b-PCLy-b-PDMAx triblock 

copolymers (T1-T9) were synthesized and assembled under the standard conditions (5 mg mL-1
 in 

methanol, r.t.). After aging for two days, TEM analysis (Figure 4) was performed to visualize the 

obtained morphologies. 

 

Figure 4. TEM micrographs of the micelles obtained from polymers PDMAx-b-PCLy-b-PDMAx 

assembled in methanol (5 mg mL-1) and aged at r.t. for two days: T1-T9. Samples were negatively 

stained using a uranyl acetate solution (0.5 w/v %).  

For PDMAx-b-PCLy-b-PDMAx with a core block length of DPPCL = 40, a longer corona (DPPDMA = 400, 

polymer T6) resulted in the formation of 2D hexagonal platelets (Figure 4, T6), whereas its shorter 

counterpart (DPPDMA = 250, polymer T5) formed long fibres (Figure 4, T5). Studies on the formation 

of di- and tri-BCP micelles with  PLLA cores and PDMA coronas have also revealed a preference for 

2D lamellae over 1D cylinders when the percentage composition of corona-forming block was 



increased.29 A likely explanation could be that the increased solubility of the polymer with longer corona 

length gives adequate time for the semi-crystalline polymer chain to adopt a preferred crystal 

conformation, thus leading to well-defined structures (2D platelets).43 Indeed, unimer composition (and 

thus its solubility in the assembly medium) has been implicated as a governing factor for morphological 

evolution during CDSA, as evidenced by its impact on crystallization kinetics in related systems.43 This 

rationale sufficiently explains the trends in assembly of T5 and T6. More interestingly, when the 

solvophobic ratio was further increased to 32% (polymer T4), much shorter cylinders (Figure 4, T4) 

were obtained, in line with the concept that better solubility leads to the preferred crystal morphology.  

Since varying the corona block was confirmed to influence CDSA morphology, the impact of altering 

core block length was then investigated. The length of the core block was reduced from PCL40 to PCL30 

to probe the influence of a shorter core block (polymer T1-T3) on the assembly behaviour, while the 

same solvophobic ratios were maintained. Under the standard assembly conditions, the obtained 

morphologies were quite similar to the PCL40: the longest corona (polymer T3) led to 2D hexagonal 

platelets, the intermediate corona (polymer T2) produced hairy cylinders and the shortest corona 

(polymer T1) formed short fibres (Figure 4, T1-T3). In contrast, as the core block length was extended 

to DPPCL = 60 (polymer T7-T9), the obtained micelles followed a slightly different trend. To be specific, 

polymer T7 assembled into short cylinders showing similar length (Ln = 200 nm) to T4 (Ln = 280 nm, 

same solvophobic ratio 32%). However, the nanoparticles obtained from T8 were much shorter (Ln = 

820 nm) than those of T5 (Ln > 4 μm). More surprisingly, as the corona length was further increased to 

DPPDMA = 600 (polymer T9), short fibres (Ln = 84 nm, Figure 4, T9) were achieved instead of platelets. 

These differences can be rationalized in view of the similar system (PDMAx-b-PLLAy-b-PDMAx) 

reported before: though the block ratios of the PCL60 series are similar to the PCL40 counterparts, the 

longer core block for the PCL60 samples decreased their overall solubility, impeding the formation of 

the favoured conformation (lamellae structure) during the crystallization process.29 It is worth noting 

that the assemblies obtained from coil-crystalline-coil triblock copolymers PDMAx-b-PCLy-b-PDMAx 

by the single component solution-phase approach showed remarkable uniformity. Indeed, the length 

dispersity (Lw/Ln) of the cylindrical micelles (assemblies of polymer T1, T4, T7, T8 and T9) and the 



area dispersity of the platelets (nanoparticles from polymer T3 and T6) were all controlled below 1.10 

(Table S1, S2 and Figure S13). 

As mentioned above, in the PCL-based triblock copolymer system, the polymer dissolution process 

consumed most of the crystalline domains leaving a few ordered nuclei and spherical micelles to initiate 

nanoparticle growth. Interestingly, as a consequence of the particular polymer composition and solvent 

conditions, this self-seeding process could be realized without any heating in a single solvent. Similar 

assembly behaviour has previously been observed in PLLA based triblock copolymer systems, where 

it was shown that uniform diamond platelets could be fabricated at room temperature in methanol.25 In 

order to further corroborate the hypothesis of a self-seeding process, assembly solution containing 

PDMA302-b-PCL60-b-PDMA302 (Polymer T9) was annealed at 28, 31, 35 or 40 ℃ for 1 h before cooling 

to room temperature (25 ℃) and aging for two days. TEM analysis of the annealed samples at 28 and 

31 ℃ showed longer micelles (ca. 130 and 240 nm, Figure 5a and b) compared to 25 ℃ (Ln = 84 nm), 

with narrow length distributions (Lw/Ln < 1.10, Figure S14 and Table S3). As the aging temperature 

was increased to 35 ℃ and 40 ℃, the obtained fibres were even longer (ca. 430 and 1200 nm, Figure 

5c and d) with similarly low length dispersity (Lw/Ln < 1.10, Figure S14 and Table S3). Based on the 

initial length of the seeds at 25 ℃ and the final length of micelles after annealing, the fraction of 

surviving fragments were calculated at each annealing temperature (see SI).20 As shown in Figure 5f, 

in the range of 25–40 ℃, the fraction of surviving seeds decreased exponentially with increasing 

temperature, a key characteristic of a self-seeding process.21, 23 Indeed, if the annealing temperature was 

too high (e.g., 45 ℃, which is far above the melting temperature of PCL in methanol (Figure 3f), 

spheres were obtained instead (Figure S15). This was presumably because all the crystalline nuclei had 

melted at that temperature and, upon cooling, the unimers assembled into spherical micelles since there 

was no crystal front available to initiate the crystallization. Mei et al. also observed a similar result in 

their poly(2-vinylpyridine)-b-PCL diblock copolymer assembly system, when crystalline lamellae were 

achieved at 20 ℃ and amorphous spheres were obtained at higher temperature (30 ℃).44 



  

Figure 5. TEM micrographs of PDMA302-b-PCL60-b-PDMA302 self-assembled in methanol at 5 mg mL-

1 following annealing at a) 28 ℃ b) 31 ℃ c) 35 ℃ and d) 40 ℃ for 1 hour before cooling down to r.t. 

(25 ℃) and aging for two days. Samples were negatively stained using a uranyl acetate solution (0.5 

w/v %).  e) Number-average micelle length Ln versus annealing temperature calculated from particle 

analysis based TEM images. In each case, at least 100 particles were analysed. f) Semi-logarithmic 

plots of fraction of surviving seeds in solution versus annealing temperatures. 

In addition to the influence of temperature, the effect of solvent on the number of remaining seeds was 

also investigated. To be specific, polymer T9 was assembled under similar conditions to previous 

experiments (5 mg mL-1, r.t. aging for 2 d) but in mixtures of THF and methanol. It was found that a 

small amount of “good solvent” for the core block (4 v/v % THF in MeOH) promoted an increase in 

micelle length from 84 nm to 260 nm (Lw/Ln < 1.1, Figure 6a). Furthermore, as the THF content was 

increased from 6 to 8 to 10 v/v % THF in MeOH, the cylindrical micelles grew to 345, 500 and 760 nm 

in length, respectively (Figure 6b-e), with low dispersity (Lw/Ln< 1.1, Table S4 and Figure S16). The 

fraction of surviving seeds versus the THF content of the initial solutions was calculated based on the 

initial length of the seeds in 100% methanol and the final length of the micelles in the mixed solution 

(Figure 6f). It was found that as the THF content of the solutions increased from 4 to 10 vol %, the 

fraction of surviving seeds decreased. Moreover, spherical micelles were exclusively obtained when the 

good solvent proportion (THF) was further increased to 15% (Figure S17). Similar to before, 15 vol % 



THF likely dissolves all the crystalline nuclei, impeding crystallization. In general, the addition of 

common solvent or heating of the solution were both used to manipulate the number of seeds in the 

assembly solution, making it possible to tune the resultant cylindrical micelle length (Figure 6g).  

     

Figure 6. TEM micrographs of PDMA302-b-PCL60-b-PDMA302 self-assembled in a) 4 v/v % THF in 

MeOH b) 6 v/v % THF in MeOH c) 8 v/v % THF in MeOH d) 10 v/v % THF in MeOH 5 mg mL-1 and 

aged at r.t. for two days. Samples were negatively stained using a uranyl acetate solution (0.5 w/v %). 

e) Number-average micelle length Ln versus volume fraction of THF in the assembly solution, 



calculated from particle analysis using TEM images. In each case, at least 100 particles were analysed. 

f) Plots of fraction of surviving seeds in solution of PDMA302-b-PCL60-b-PDMA302 versus the volume 

fraction of THF. g) Schematic representation of the preparation of near monodisperse fibres by self-

seeding method. 

 

Conclusion 

In summary, the systematic CDSA study of PDMAx-b-PCLy-b-PDMAx triblock copolymers to prepare 

crystalline poly(ε-caprolactone) assemblies via a simple, single component solution-phase methodology 

at room temperature is reported, which greatly simplifies access to well-defined 1D and 2D organic 

nanoparticles. It was further demonstrated that the solubility of the copolymers could be exploited to 

control the size and morphology of the nanoparticles, which was mainly attributed to two factors: the 

block ratio and solvent quality. In accordance with recent reports of poly(ester) crystalline nanoparticles, 

good solvent quality and large corona-core ratios facilitated the formation of crystalline micelles with 

fewer defects, such as 2D platelets or long cylindrical micelles, whereas the opposite parameters 

resulted in short cylinders. Furthermore, it was shown that the cylinder length (84 nm to 1200 nm) of 

PCL-based triblock copolymers could be controllably manipulated by adjusting the ratio of dissolved 

unimer to nuclei through the variation of solvent composition and/or temperature. The ability to readily 

access and control the assembly of PCL-based triblock copolymers into spherical, cylindrical or 

lamellar micelles with uniform sizes through a simple assembly approach provides a platform to 

develop a series of new materials with more complexity such as ABC type terpolymers, which show 

great potential for future bio-relevant applications. 
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