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DOI: 10.1039/D0SC02891F (Edge Article) Chem. Sci., 2020, 11, 8416-8424Received May 22, 2020 , Accepted 8 July 2020First published on July 29, 2020Preparation of well-defined semiconductor nanostructures of conjugated polymers is of paramount interest to organic optoelectronic devices. Several
studies have demonstrated excellent structural control and size from block copolymers (BCPs) containing non-conjugated blocks by crystallization-driven self-assembly (CDSA); however, precise control of their size and shape remains a challenge due to their weak solubility, causing rapid and uncontrolled
aggregation. This study presents a new type of fully conjugated BCP comprising two polyacetylene derivatives called polys (cyclopentes-vinyl) to prepare semiconductor 1D nanofibers. Interestingly, the nanofibre solders were adjusted from 12 to 32 nm based on the contour lengths of their crystalline base
blocks. Their lengths could also be controlled from 48 nm to 4.7 μm using live CDSA. Monitoring of live CDSA growth kinetics revealed the formation of micron-sized 1D nanofibres in less than 20 minutes. Rapid CDSA allowed us to track growth in real time using confocal fluorescence microscopy.
Introduction Conductive molecules are very advantageous for sensors, functional coatings, and electronic devices.1–4 Among them, conjugated polymers have gained enormous attention due to their advantageous physical properties, including low weight and flexibility.5–7 For example, poly(3-
hexiphene) (P3HT),8–10 poly(para-phenylenevinylene) (PPV),11 and polyfluorene (PF)12 have been widely used in various device applications. In particular, several reports highlighted the important relationship between the performance of electronic materials and their nanostructures.13-17 Therefore,
the construction of nanostructures by using polymer self-assembly to allow precise size and shape control has become important for device applications.16,17 There have been numerous studies on the control of polymer nanostructures over the decades. Many uniform nanostructures were created using
different amphifil block copolymers (BCPs) with different solubility.18-20 More recently, initiated by the Ian Manners group, an ingenious method called Crystallization-Based Self-Assembly (CDSA) was developed. The CDSA method allows the control of the nanostructure with excellent precision.21–31
Many BCPs containing semi-crystalline polymers, such as polyferrocenylsilan (PFS),21–23 poly(ε-caprolactone) (PCL 24.25 polyethylene (PE),26.27 and polylactide (PLA)28.29 were able to form various uniform nanostructures from 0D-mycellle to 3D supermycs via CDSA. Despite excellent structural
control, the CDSA method has a disadvantage; generally takes a few hours to days for full assembly. To expand the usefulness nanostructures, conjugated oligomers and polymers were used to form uniform nanostructures using this CDSA.30–34 CDSA.30–34 method this strategy can be complicated
and challenging due to the strong π-π interaction between conjugated polymers. This reduces their solubility, leading to easy aggregation and disrupting controlled self-assembly. Although this problem can be solved by synthesizing BCPs containing highly soluble shells that do not conjugate,33.34 this
insulating block would inevitably limit the potential of partially semiconductor nanostructures resulting as electronic materials. To accelerate the process of self-assembly and produce nanostructures more efficiently, a single-pot technique called polymerization-induced CDSA (PI-CDSA) was developed in
which CDSA was successful during or after polymerization.35–37 For the spontaneous formation of conjugated nanoparticles, we have developed another strategy called in situ nanoparticlization of conjugated polymers (INCP).38–42 INCP is a process by which insoluble conjugated polymers are
intentionally introduced as the second block. During BCP synthesis, strong π-π interaction induces spontaneous nanopartition, producing semiconductor nanostructures without post-treatment.38–40 A recent study reported large 2D structures of crystalline polys (cyclopenten-vinyl) (PCPV) consisting of
fluorene and bulky lateral chains, such as neohexile and silil groups. Interestingly, the height of the individual 2D sheets was determined by the degree of polymerization (DP) of these homopolymers, since the rigid pcpv spines were self-assembled side by side without chain folding (Scheme 1a).41.42
Scheme 1 New strategy for preparing 1D nanofibers with length and lengths of tunals by rapid self-assembly. Despite the lack of precise control over nanostructures, this crystalline PCPV has shown potential, and its extension to BCP microstructures may provide prospects for greater control of
nanostructures. Here, we report the formation of the well-defined 1D semiconductor nanofibers in BCP with PCPV as the base block and another PCPV as a soluble block in shell.43 The width of the nanofibers was precisely controlled by the DP of the base block due to live cyclopolymerization, and the
length was controlled by live CDSA. These two life processes led not only to the narrow dispersion of width and length, but also to the successful formation of the bloc comitelles (Schema 1b). Interestingly, this CDSA occurred quickly, taking 10 min to reach micron-size lengths, thus allowing direct
visualization of this self-assembly increase using confocal laser optical microscopy. Results and discussions To prepare uniform nanostructures, we synthesized fully conjugated BCP consisting of the first PCPV block with soluble dihexil lateral chains (M1) and the second crystalline block from M2. To
minimize dispersions, different BCBs (with fixed ratio [M1]/[I] of 50) were polymerized in tetrahydrofuran (THF) at 0 °C using the third generation Grubbs catalyst (G3).44 After polymerisations, reactions were by excess ethyl vinyl ether, and polymers were isolated by precipitation in methanol at 25 °C. Six
P150-b-P2ns were prepared with ratios [M2]/[I] from 10 to 66 in excellent isolated yields (Table 1). Table 1 Live cyclopolymerization for the preparation of different input bcps [M1]:[M2]:[cat] Time Conv.a (M2) Yield (%) M n , (kDa) Đ , Calculated by MRI analysis 1H in CDCl3 before precipitation.
Determined by SEC chloroform, calibrated using polystyrene standards. Determined by AF4 fractograms in chloroform using 0.205 as dn/dc value. 1 50:10:1 2.5 h &gt;99% 91 23.3b 1.15b 2 50:22:1 4 h &gt;99% 98 1 38.6b 1.10b 3 50:33:1 6 h &gt;99% 90 47.4b 1.13b 4 50:44:1 8 h &gt; &gt; &lt;3&gt;
&lt;6&gt;99% 95 10440c 1.56c 5 50:55:1 9 h &gt;99% 92 70350c 1.26c 6 50:1 66:1 11 h &gt;99% 92 115800c 1.13c I characterized BCP purified by 1H nuclear magnetic resonance spectroscopy (NMR) to get some clues about spontaneous self-assembly. For P150-b-P210 and P150-b-P222, signals from
both blocks with expected integrations in the feed ratios were observed, indicating low degrees of chloroform aggregation. However, since the P2 DP increased to 33, the signals for block P2 were only 28% of what is expected from the power ratio. Integration values continued to decrease, reaching a
minimum of 11% for P150-b-P266, despite the complete conversion of M2 (Fig. S1 and S2†).41 This phenomenon agrees with the previous investigation that supports the INCP mechanism, where longer BCPs spontaneously formed several crystalline nuclei which then, were not detectable in the MRI
analysis 1H.38–40.45 To better characterize the BCPs by MRI, we tried various deuterated solvents, such as benzene, 1,4-dioxan, chlorbenzene and o-dichlorbenzene, to dissolve both blocks, but chloroform was the best solvent for BCP (Fig. S3 and S4†). Fortunately, with THE MRI analysis of 1H at 47
°C in chloroform, a higher quantitative analysis for P150-b-P233 and P150-b-P244 was possible due to the better solubility of P2 at a higher temperature (Fig. S5†). More definitive support for INCP was provided by dynamic light dispersion (DLS) analysis, which gives hydrodynamic diameters (Dh, these
values should be treated as a qualitative estimate). When all BCPs were dissolved in 1 g Chloroform L−1, high dh from 58 nm for P150-b-P233 to 346 nm for P150-b-P266 were observed according to THE 1H MRI analysis, and these Dh values were kept even at 0.0001 g L−1 (Fig. 1a and S6†). The
direct indication of successful INCP using P150-b-P266 was obtained from the TEM, DLS and UV-Vis imaging analysis of the in situ sample in the reaction solution (Fig. S7†). Thanks to INCP, we were only able to measure the molecular weight (Mn) of the smaller BCPs (for P150-b-P210: 23.3 kDa, P150-
b-P222: 38.6 kDa and P150-b-P233: 47.4 kDa) by excluding chloroform-chrome (SEC). linear growth of Mns and dispersions (Đ) less than 1.15 supported successful live cyclopolymerization. Fortunately, mns of strongly larger aggregates could be estimated using a known as asymmetric flow fractionation
analysis (AF4) to determine Mn up to 115 MDa, supporting self-assemblage in situ (Table 1 entries 4-6 and Fig. S8†).46.47 Fig. 1 DLS profiles of BCP solutions (1 g L−1 chloroform) (a) without ageing and (b) after 1 day of ageing at 25 °C. (c) A table of Dh values of dlS profiles in points (a) and (b). In
order to further promote self-assembly, we ageed BCP solutions (1 g L−1 chloroform) at 25 °C for 1 d and found an overall increase in Dh, up to 700 nm under identical conditions, with the exception of P150-b-P210 (Fig. 1b and c).48 BCP having the shortest base block in P210 was still in one-largest
state due to its low crystallinity. A further decrease in signals for the Central Block P2via was also observed for 1H MRI spectra. The integration values for P2 in P150-b-P222 decreased from 100 to 74% and, for P150-b-P244–66, these signals were barely observable, indicating quantitative self-assembly
in the absence of unimers (Fig. S9†). UV-Vis analysis of these conjugated BCPs showed much stronger vibron peaks at 595 nm, indicating the formation of more orderly structures (Fig. S10–S12†). However, the 1H MRI and DLS analysis showed that the initial bcps in the dichloromethane solution 1 g
L−1 (DCM) were already self-assembling even without aging. This easier and faster self-assembly may be due to the lower solubility of P2 in DCM than in chloroform which leads to faster crystallization (Fig. S13†). Atomic Force Microscopy (AFM) non-aging imaging has been undertaken to visualize these
structures. We observed the spontaneous formation of 1D nanofibers of BCPsvia INCP, with the exception of P150-b-P222 which required an aging time of 1 h or more (Fig. 2a–f and S14†). After ageing, the length of the 1D nanofibers in P150-b-P222 increased to a maximum of more than 20 μm, without
branching (Fig. 2b and S15†). Although their ups ranged from 3.6 to 5.5 nm without a certain dP-independent trend of P2, their overalls were observed at an increase approximately proportional to the P2 DP (Fig. S16†). Even with dilution from 1 to 0.05 g L−1, this width trend continued despite reducing
their lengths to about 1 μm (Fig. S17†). With high-magnification AFM images of height and phase modes, the core could be distinguished from the shell to show that the P2 crystalline block was taller and denser than the outer block P1 (Fig. 2g and h). Fig. 2 AFM images obtained from 1 g chloroform
solutions L−1 of (a) P150-b-P222 after 1 h, and (b) after 1 d ageing at 25 °C, (c) P150-b-P233, (d) P150-b-P244, (e) P150-b-P255 and (f) P150-b-P266 without ageing. Increase greater than (g) height, and (h) phase images of 1D nanofibres from P150-b-P255. (TEM). TEM images showed long fibres with
high stiffness without ageing, with the exception of P150-b-P222 (Fig. 3a–f and S18†). No coloring, live view the dense crystalline core of electrons P2 was possible, and the measured widths showed a linear increase from 12 to 27 nm, according to an increase in P2 DP from 22 to 66 dispersionwidth
(Ww/Wn) of less than 1.02 (Fig. S18c and S19–S21†). Unlike an earlier study on the self-assembly of the P2 homopolymer, in which the polymer DP well matched the height of the 2D nanofoils (Schema 1a), in this study, the width of the 1D nanofibers was well adapted to the theoretically estimated length
of the contour of the P2 block (Fig. 3g, see S22 and table S1† for calculating contour lengths by the MM2 calculation method). RuO4 vapor staining also allowed the detection of flexible block P1, and the measurement of the entire breadth of 1D nanofibres, including coating, demonstrated the presence of
thicker fibers from 21 to 35 nm (Fig. 3h and S23†).49 Fig. 3 TEM images obtained from l−1 chloroform solutions from (a) P150-b-P222 after 1h and (b) after 1 d aging to 25 °C, (c) P150-b-P2 33, (d) P150-b-P244, (e) P150-b-P255 and (f) P150-b-P266 without ageing (scale bar for (b)–f), 200 nm).
P2versus DP parcels (g) mean width (Wn) of the 1D nanofibre core compared to the theoretical length of the fully stretched P2 block (a dotted line, Fig. S22†) and (h) Wn after RuO4 vapour staining. To investigate in detail the crystallity of bcps and their 1D nanofibres, X-ray diffraction (FXRD) analysis
was performed on P150-b-P222. A sharp peak was observed at a distance of 16.9 Å from P2, a much weaker peak at distance d of 13,8 Å was produced from P1 and wide peaks between 4 Å and 8 Å were observed (Fig. 4a and S24†). The P1 signal disappeared in the p150-b-P222 sample and other
BCP samples with a longer P2 block. This indicates that the crystallity of block P2 dominated the formation of 1D nanofibers, and block P1 formed mostly the amorphous structure in self-assembled nanofibres.41 We also directly observed the crystalline matrix of 1D nanofibers in the electron diffraction
models after the selected electron diffraction analysis (SAED) and the rapid analysis of the fourier transformation (FFT) of TEM high-resolution images (HR-TEM) (Fig. 4b–d and S25†). SAED showed a spacing d at 5.0 Å along the longitudinal direction of the 1D nanofibers and another at 4.2 Å in the
orthogonal direction. In addition, the spots at 16.1 Å along the longitudinal direction of the 1D nanofibres were obtained by HR-TEM's FFT analysis. Based on these diffraction models and previous findings on the orthorombic crystal grid of the P2 homopolymer, we attributed 16.1 Å as spacing d in plane
(200) and 4.2 Å in plane (002). The fact that block P2 forms the core by lying on the c-axis is consistent with the average core length corresponding to the contour lengths of P2 (Fig. 3g and 4e, f).43 Fig. 4 (a) The XRD film parcels of the 1D nanofibres in the solution P150-b-P222, homopolymers of P150
and P222. (b) the HR-TEM image of the nanofibre packets and (c) the SAED image showing the spacing d at 5.0 Å and 4.2 Å. (d) an HR-TEM image of a single 1D nanofiber with an additional transverse histogram and its diffraction model showing the 16.1 Å spacing d. Schematic presentation (e) of
nanoassembly of 1D nanofibers and (f) the detailed orthorombic crystal matrix of the base P2 block. Because the width of the 1D nanofibers could be precisely controlled, we tried to control their lengths using live CDSA; epitaxial growth of uniform seeds by the addition of unimers. Fortunately, after
sonication of the L−1 long nanofibre solution from P150-b-P222 for 30 s using an ultrasonicator (11.8 W cm−2) at 0 °C, we obtained a seed solution with an average length (Ln) of 60.3 nm and a relatively narrow length distribution (Lw/Ln = 1.18, characterized by TEM) (Fig. S26†). Then, 10 g l−1 unimeri
chloroform solution (before ageing) was added to the seed solution at unimer-seed ratios (U/S) from 1 to 10. After 1 h of aging at 25 °C, Dh from the DLS analysis gradually increased and more definitively, Ln from TEM imaging increased linearly according to the U/S ratio. S27, S28a and b†). Even with
U/S ratios of 1 or more definitively, even without added unimers, nanofibres became longer than 10 μm after 1 d of aging (Fig. S28c and d†). These results indicated that the assembly of fibres to fibres took place between their sticky ends even after the completion of the initial seed-to-unimer assembly (or
seeded growth), resulting in unwanted end-to-end coupling in chloroform.50-52 Probably, adhesive unimers could be generated by the dynamic exchange between nanofibre and unimer to promote end-to-end assembly.53 To date, end-to-end coupling has been reported to be much slower than seeded
growth,50, but in this case it has occurred slightly, even at −20 °C (Fig. S28e and f†). Alternatively, we prepared a seed solution of P150-b-P222 in 0.1 g L−1 DCM by sonication for 2 min (Ln of 48.2 nm, Dh of 62.1 nm and Lw/Ln = 1.13), to obtain a lower solubility of seeds in DCM, to prevent the formation
of sticky heads and thus suppress the coupling from one end to the other (Fig. 5a). Subsequently, the same single-one solution of P150-b-P222 at 10 g L−1 in chloroform was added at different temperatures with ratios U/S 5. This led to a successful increase in seeding sowns to 10 °C to form 1D
nanofibres (Ln = 188.0 nm, Lw/Ln = 1.11), the length of which remained uniform even after 13 h at 10 °C (Fig. S29†). I tried this for CDSA live under the same conditions at different U/S ratios of 2, 5, 10, 20, and 40. After 4 hours of ageing, their Ln values 100.7 to 972.3 nm according to U/S ratios (Fig. 5b
and c). The small-scale TEM images show that the length dispersion was less than 1.15, indicating CDSA. In particular, the measured Ln appears to be substantially shorter than the theoretical lengths predicted on the basis of the U/S ratio. These Dh values also remained quite constant during ageing for
a week, at both 10 and 25 °C, indicating high stability in the solution without end-to-end coupling (Fig. 5e and S30†). Fig. 5 TEM images of (a) seed mycelium of 1D nanofibres after optimized sonication and (b) long-controlled 1D nanofibres showing an increase in their lengths with increased U/S ratios
(inset image scale bars, 500 nm). The numbers in the images indicated the average Ln and the dispersion of its length. (c) The plot of the U/S ratios compared to the Lns. (d) Dh values of the 1D nanofibres controlled by length. (e) Time plot (h) vs. Dh. (f) Live CDSA scheme of 1D nanofibres by means of
the sown growth mechanism. To extend the scope of live CDSA to wider nanofibers, we tried CDSA living from larger BCPs. This was a challenge as higher BCPs suffered INCP during synthesis due to lower solubility, especially in DCM. The same sonication protocol successfully produced seed
mycelium (P150-b-P233: Ln = 84.6 nm, Lw/Ln = 1.13 and P150-b-P244: Ln = 66.1 nm, Lw/Ln = 1.13) by switching back to 0.1 g L−1 chloroform instead of DCM. In addition, we were able to obtain the appropriate unimer solutions in chloroform 0,1 g L−1 by heating to 60 °C (Fig. S31†). These unimers



were then added to the seeds with different U/S ratios from 1 to 10. After 1 h of aging at RT, Ln increased linearly to 2.2 μm for P150-b-P233 and 4.7 μm for P150-b-P244 according to the U/S ratio, while the length dispersion (Lw/Ln) remained below 1.15, supporting live CDSA through seeded growth
(Fig. 6a–c, S32 and S33†). In both cases, a temperature increase for the preparation of unimer solutions could dissolve some seeds as a result of improved solubility of BCPs, resulting in 1D nanofibers longer than the theoretically estimated length.54 Also, Lns remained in both cases after aging for 1 d
suggesting that end-to-end coupling did not occur in chloroform (Fig. S34†). Fig. 6 live CDSA for larger BCPs. For P150-b-P233–44, (a) parcels of U/S ratios compared to L showing a successful seeded growth, and solid lines represented theoretical values Ln. TEM images of U/S ratios = 10 for (b) P150-
b-P233 and (c) P150-b-P244. For P1100-b-P255–66, (d) recooking temperature plots (°C) versus L showing CDSA by self-seeding. TEM images of 1D micron-sized from (e) P1100-b-P255 and (f) self-seeding P1100-b-P266via. The number in the images indicates the average Ln and the dispersion of its
length. To achieve a sown growth of 1D and wider we still heated P150-b-P255–66 to 80 °C, but failed to obtain a unimer solution due to even lower solubility (Fig. S31†). To improve solubility, we prepared new P1100-b-P255 and P1100-b-P266 with a longer shell block (with [M1]/[I] = 100). Complete
characterizations using MRI, AF4, DLS, TEM and AFM analyses indicated behaviours similar to previous P150-b-P255–66, including similar mean levels of the resulting 1D nanofibers (e.g. before staining: 25.8 nm for P1100-b-P255 and 31.6 nm for P1100-b-P266 and after staining: 34.2 nm for P1100-b-
P255 and 37.3 nm for P1100-b-P266 by TEM imaging) (Fig. S35 and S36†). Analogue sonication produced uniform seed solutions (P1100-b-P255: Ln = 68.7 nm, Lw/Ln = 1.18 and P1100-b-P266: Ln = 73.8 nm, Lw/Ln = 1.15). Then, instead of the seeded growth (due to their low solubility), we adopted a
self-seeding strategy: thermally induced epitaxial growth.56–58 In this case, the modulation of temperature after sonication provided different concentrations of the unimer in situ solution, thus controlling the lengths of the 1D nanofibre. Seed solutions of P1100-b-P255 and P1100-b-P266 in chloroform
were re-elected at different temperatures, ranging from 34 °C to 61 °C and cooled to room temperature (RT). After 3 hours, 1D long nanofibers with Ln uniform, ranging from 68.7 nm to 4.6 μm for P1100-b-P255 and from 73.8 nm to 1.14 μm for P1100-b-P266 based on recooking temperature, narrow
dispersions (Lw/Ln: 1.04–1.21) (Fig. 6d–f, S37 and S38†). The additional ageing of these 1D nanofibres for 1 d did not alter their lengths or widths, indicating structural stability and the absence of end-to-end coupling (Fig. S39 and S40†). We were able to control the length of 1D nanofibers by up to 4.7
μm using live CDSA (either by seeding or sowing), and their core bread ranged from 12 to 32 nm, proportional to p2 DP (Fig. S41†). Another advantage of live CDSA is the ability to produce more complex block comicelles (BCMs) by further epitaxial growth from the living crystalline ends.58 To prepare
BCM, another BCP2 (P325-b-P222, Mn = 17.6 kDa, Đ = 1.06) containing soluble polynorborn derivatives (P3) was synthesized by the polymerization of the synar-opening metathesis (Fig. S42†). This new P325-b-P222 also suffered live CDSA to form accurately controlled 1D nanofibers with Ln ranging
from 165 to 1178 nm with narrow length dispersion (&lt;1.16) by the seeded growth method (Fig. S43†). Then, a 10 g L−1 chloroform solution of 10 g L−1 of P325-b-P222 (U/S ratio = 5) was added to the P150-b-P222 seed-mycelle solution in DCM (with Ln of 169 nm and Lw/Ln = 1,10), and a tri-BCM aba
(BCM1) was obtained with uniform length and narrow dispersion (Ln = 899 nm and Lw/Ln = 1,09). The blocky structure of BCM1 was confirmed by the AFM analysis, a height difference (9 nm of P150-b-P222versus 4 nm of P325-b-P222). A clear distinction in contrast was observed by both dry and
cryogenic cryogenic images The middle B block of the P150-b-P222 completely conjugated was darker due to their higher electron density. In addition, the average width of the BCM1 core was constant in all nanofibres, since the length of P2 in both P150-b-P222 and P325-b-P222 was the same (Fig. 7a
and S44†). Encouraged by initial success, a more complex BCM2 was prepared by adding the unimer solution, P150-b-P222, to another seed solution of P1100-b-P266 with a wider 1D nanofiber (resuscitation temperature. 52 °C, Ln = 213 nm). After 4 hours of aging at 10 °C, another tri-BCM2 ABA
consisting of a wider middle block was identified from AFM and TEM imaging showing a difference in the width of each block, depending on the length of P2. Note that only one thiner block thread A has grown from both ends of block B, despite large differences in width (Fig. 7b and S45†).22 Fig. 7 more
complex BCMs were prepared by (a) adding a P325-b-P222 unimer with a block different from p150-b-P222 seeds (BCM1) and (BCM1) and (BCM1) and (BCM1) and (BCM1) and (BCM1) and (BCM1) and (BCM1) and (BCM1) b) the addition of a unimer (P150-b-P222) to a wider seed (P1100-b-P266) to
produce BCM2 with different breads. The number in an image (a) indicates the mean dispersion of Ln and its length. In particular, this fully conjugated BCSA series of BCP exemplifies excellent length and length control and rapid growth rate. As such, p150-b-P233 growth kinetics were observed using
real-time monitoring of 1D nanofibre elongation through TEM analysis. When adding unimers, Nanofibres 1D rapidly elongated and reached with constant lengths (Ln = 746 nm (U/S ratio = 3, Lw/Ln = 1.03) in 10 min and Ln = 1.2 μm (U/S ratio = 5, Lw/Ln = 1.08) in just 20 min) (Fig. 8a and Table S2†). In
addition, kinetic data were mounted in a large exponential function that the Manners group previously used to describe the growth rates of PFS-b-(polydimethylsiloxan) (PFS-b-PDMS) (eqn (S1)†).59 In this study, this function also explained the kinetics of the growth of the P150-b-P233 probe with R2
values greater than 0.997, offering k′ values of 11 × 10−3, 9.8 × 10−3, 5.7 × 10−3, and 5.8 × 10−3 s−1 for U/S ratios of 2, 3, 5 and 10, respectively. In particular, these rates are approximately 10 times faster than those of other typical live 1D nanowire CDSAs or comparable to the highest rates (16 ×
10−3)59 in a given condition.52.59-62 By taking the mean values in different US/S ratios, we obtained parameter b of 0.54. The deviation from the theoretical value of 1 for first-order kinetics was probably due to the influence of flexible shell chain conformation, disrupting the ideal crystallization during
sown growth (Fig. 8b and S46–S50†).59,63,64 Regardless, we attributed the rapid kinetics of the cdSA current to the intrinsically rigid conformation of P2 showing the stretched chain-free compliance.41.42 Fig. 8 (a) Lengths (Ln) of 1D nanofibre from P150-b-P233 in (monitored more than 13 hours after
adding the unimer solution to the seed myceles (Ln = 66,5 nm, Lw/Ln = = The TEM image was obtained after 10 min with the ratio U/S = 5. (b) Kinetic data table for different ratios U/S. Standard errors for values A, k′, and b were obtained from the installation of eqn (S1).†A is the actual increase in the
length obtained by Ln − Lseed (seed length). k′ is the constant rate. b is the fractional power of the exponential. (c) LSCM representative images of s1 video† at the time at points 10 and 80 s (scale bars = 10 μm). I calculated the Ln of 1D nanofibers from these images. Because 1D nanofibers contained a
P2 fluorescent block and rapidly grew to micron sizes, the entire CDSA could be viewed through a real-time video with a laser scanning confocal microscope (LSCM), even without additional dyes (Fig. S51 and S52†).65–67 By adding a single-one solution of P150-b-P233 to seeds in chloroform 0.01 g
L−1 with u/S 30 ratio, the real-time motion of nanofibre elongation up to Ln = 1.0 μm (Lw/Ln = 1.03) was observed within 100 s. This is the first video recording of the actual CDSA and this was only possible due to the rapidly sown growth of the conjugated P150-b-P233, which also showed stable
fluorescence in the solution (Fig. 8c and S52†). Conclusions In short, we have successfully prepared fully conjugated BCP who have undergone self-assembly in 1D nanofibers. Their lengths were controlled from 0.05 to 4.7 μm, using the live CDSA technique by growing seeded or self-sowing. We were
also able to adjust their dimensions from 12 to 32 nm by modulating the DP of the base block. This excellent width control proportional to the P2 DP was due to the fully extensive conformation of the conjugated P2 block without folding the chain. As a result, CDSA was rapidly maintained while maintaining
excellent control of nanofibre dimensions. Careful monitoring of growth kinetics showed that the formation of micron-sized 1D nanofibers occurred in 20 minutes, much faster than other cases of CDSA. This rapid kinetics of CDSA producing 1D fluorescent nanofibers allowed real-time monitoring of their
growth using confocal fluorescence microscopy. Finally, this live CDSA technique allowed the preparation of more complex BCMs. The rapid formation of fully conjugated and fluorescent nanostructures provides an efficient method of preparation of polymeroperic optoelectronic materials of uniform size,
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