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ABSTRACT: Here we report the use of defects in ordered solvents to form, manipulate and 

characterize individual molecular assemblies of either small-molecule amphiphiles or polymers. 

The approach exploits nanoscopic control of the structure of nematic solvents (achieved by 

introduction of topological defects) to trigger formation of molecular assemblies, and subsequent 

manipulation of defects using electric fields. We show that molecular assemblies formed in solvent 

defects slow defect motion in the presence of an electric field and that time-of-flight measurements 

correlate with assembly size, suggesting methods for characterization of single assemblies of 

molecules. Solvent defects are also used to transport single assemblies of molecules between 

solvent locations that differ in composition, enabling assembly and disassembly of molecular 

“nanocontainers”. Overall, our results provide new methods for studying molecular self-assembly 

at the single assembly level and new principles for integrated nanoscale chemical systems that use 

solvent defects to transport and position molecular cargo. 

 

The development of integrated micro- and nano-scale methods for the assembly, manipulation 

and characterization of complexes formed by amphiphiles and polymers underlies efforts to 

accelerate the discovery of new functional materials, drug formulations and consumer products.1–

9 Examples of prior approaches include bead-based syntheses,1–3 photochemical syntheses and the 

use of droplet-based microfluidic reactors.4–9  Key challenges that underlie the realization of 

integrated micro- and nano-scale chemical systems include reagent manipulation (e.g., 

transport/transfer of molecules between solution environments), separation of reactants and 

products, as well as product characterization.4,10–12 To this end, assemblies of amphiphiles and 

polymers, including lipid vesicles,13,14 block copolymer assemblies,15–22 and polyelectrolyte 
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complexes23–25  have been exploited for localization of reagents and associated physicochemical 

processes (e.g., precipitation),13,17,18,20,21,23–30. The ultimate limit to the scaling down of such 

integrated processes is to work with single assemblies (i.e., single nano-containers). Reaching this 

limit, however, requires the development of methods for manipulation of single assemblies as well 

as methods that permit characterization at the single assembly level.31–35. The importance of 

scaling down synthesis and property measurement is growing as artificial intelligence/data-driven 

methods of discovery are demanding large datasets for the training of optimization algorithms.36–

39 

In this paper, we report the development of principles for manipulation and characterization of 

assemblies formed by amphiphiles and polymers at the single assembly level. We show that it is 

possible to move individual nano-scale assemblies of molecules between solvent environments 

that differ in composition. Such targeted placement of assemblies of molecules enables physical 

and chemical transformations (e.g., assembly and disassembly of “containers” to uptake and 

release reagents). We also show that it is possible to optically measure the motion of single 

assemblies of molecules in response to electric fields, providing principles for “time-of-flight” 

characterization methods for integration with single-assembly synthesis methods for chemical 

discovery.   

The approach reported in this paper for the spatial and temporal manipulation of single assemblies 

of molecules relies on the careful choice of solvent, which is a critical decision in any chemical 

synthesis or manipulation in solution.40–44 In this paper, we use nematic solvents,45 solvents that 

possess long-range orientational ordering of the constituent molecules (Figure 1a-b). In contrast to 

water and other isotropic solvents, the long-range ordering of molecules in nematic solvents 

permits tailoring of solvent structure on the nanometer-scale by introduction of so-called  
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Figure 1. Molecular structure of (a) 4-cyano-4'-pentylbiphenyl (5CB) and (b) schematic 

illustration of molecular ordering in nematic solvent (the average orientation of molecules is 

indicated by  𝑛⃗ , called the director). (c) Schematic illustration of the disordered solvent core of 

a m = -1/2 defect; the size of the core is ~10 nm. (d) TEM images of assemblies of 1,2-bis(10,12-

tricosadiynoyl)-sn-glycero-3- phosphocholine (polymerizable lipid; inset of figure) formed in 

line defects of a nematic solvent phase of 5CB. Reproduced with permission.46 Copyright © 

2015, Nature Publishing Group.  (e) Experimental set-up used to generate a pair of topological 

defects with strength m = -1/2 in nematic 5CB solvent and (f) displacement of defects in e) 

following application of the electric field. (g-i) Optical micrographs showing a defect moving 

away from the left electrode under the influence of an electric field.  The time after which the 

electric field was applied (50V, 1kHz AC) is indicated. Inset in (g) shows a conoscopic image 

confirming uniform homeotropic orientation in the film of 5CB. Scale bar, 100 μm 

topological defects.46–51 Topological defects arise in nematic solvents when surface-imposed 

orientations frustrate the packing of solvent molecules, leading to nanoscopic regions of solvent 

with diminished levels of orientational order and high free-energy density (Figure 1c).45,52–54  

Defects in nematic solvents can take the shapes of points,47,52 lines (disclinations)53,55,56 or 

walls,45,57 with the region of disordered solvent typically being about ~10 nm in size (e.g., diameter 

of a line defect). The high free energy density of the disordered solvent in the defect core has been 
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shown to trigger the formation of well-defined assemblies of both small-molecule amphiphiles and 

polymers at concentrations below which assemblies form in the bulk nematic solvent 

phase.46,47,51,58,59 For example, dipyrrometheneboron difluoride (BODIPY) -labeled fatty acids 

(BODIPY-alkanoic acids) and phospholipids (e.g., 1,2-dilauroyl-sn-glycero-3-phosphocholine 

(DLPC))46 undergo cooperative self-assembly in nematic solvent defects with thermodynamic 

signatures (e.g., critical aggregation concentrations) analogous to those observed with amphiphiles 

in aqueous solvent systems. Super-resolution optical microscopy (STORM) and cryo-transmission 

electron microscopy (cryo-TEM) reveal that the phospholipid amphiphiles formed multilamellar 

cylindrical assemblies with  mean diameters of ~30 nm in line defects (Figure 1d),46 or nanoscopic 

toroidal assemblies with overall diameters of 200 nm in point defects47. Additionally, assemblies 

of random copolymers of 2-hydroxyethyl methacrylate (HEMA) and 9-anthrylmethyl 

methacrylate (AnMA) form within line defects of nematic solvents, and after cross-linking by UV 

irradiation, possess worm-like morphologies with a mean diameter ~ 30 nm.51 In contrast to prior 

studies of molecular self-assembly in aqueous solvents, solvents within which assemblies form at 

random locations, topological defects in nematic solvents enable formation of assemblies at 

predictable positions within the solvent.  This represents a key advantage of using nematic solvents 

for manipulation of single assemblies of molecules, as explored in this paper. 

We generated nanoscopic defects within nematic solvents using two copper wires to separate 

two glass slides (Fig. 1e; see SI). Upon filling the cavity with 5CB (Fig. 1a), line defects (strength 

m=-1/2; Figure 1c,e; see SI, Figure S4 for discussion regarding the strength of defects) were 

observed to form parallel to each wire, as evidenced by the dark lines in the bright-field optical 

image shown in Figure 1g. Figures 1g-i show the line defect at different times following 

application of 50V (1 kHz) between the copper wires. The defect is driven across the optical 
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sample cell (left to right) at a velocity of 17 µm/s by the reorientation of the nematic solvent under 

the influence of the electric field (see Figure 1f).60 Upon removal of the applied voltage, the line 

defect in the nematic solvent relaxed back to its initial location. 

Next, we filled optical cells of the type described above with 5CB containing fatty acids (with 

C5 and C12 tails) conjugated with BODIPY (BODIPY-C5 and BODIPY-C12; Fig 2a) to determine 

if self-assembly of small molecule amphiphiles within the solvent defects would change the motion 

of the defects driven by electric fields. BODIPY was used because it exhibits distinct changes in 

optical absorption and emission spectra before and after self-association61 within the solvent 

defects at critical aggregation concentrations (CAC) determined by the tail-length (45 µM for 

BODIPY-C5, 35 µM for BODIPY-C12).46 When imaged using a fluorescence microscope, at 

concentrations above the CAC, bright lines were visible in the dimer channel (λem: 606-684 nm;) 

at the location of the solvent defects (as seen by bright field imaging), consistent with self-

association of the amphiphiles within the nanoscopic environment created by the defects but not 

in the bulk nematic solvent phase (Figure 2f). Following application of an AC electric field, we 

observed the dimer fluorescence generated by BODIPY-C12 assemblies to move with the location 

of the defect (confirmed by locating the defect using bright field microscopy) (Figure 2b-i). In 

comparison to the defect motion observed without BODIPY-C12, we found the presence of 

assemblies within defects to slow defect motion (Figure 2j). Specifically, we tracked the defect 

positions in the presence of BODIPY-C5 and BODIPY-C12 at two amphiphile concentrations and 

two applied voltages (see Supporting Information for plots of position as a function of time). We 

found that (i) the defect velocity increased with increasing voltage both in the absence and presence 

of assemblies and (ii) under similar applied voltage differences, the defect velocities decreased  
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Figure 2. (a) Molecular structure of BODIPY-Cn+1. (b-e) Bright-field micrographs of a line 

defect formed in a nematic solvent phase of 5CB, driven into motion by application of a voltage 

to the electrode on the left side of the image (50V). The electrode is denoted by the white dotted 

line in (d). The defects are imaged at the indicated times (following the application of the 

voltage). Scale bar, 100 µm. (f-i) Fluorescence micrographs showing displacement of BODIPY-

C12 assemblies formed in the defects of nematic 5CB.  The concentration of the BODIPY-C12 

in the 5CB was 60 m. The voltage was 50 V. The location of the electrode is denoted by the 

white dotted line in (h). Red arrows indicate location of assembly within the defect (bright dimer 

fluorescence signal). Scale bar, 100 μm. (j) Velocities of defects hosting assemblies formed from 

BODIPY-C12 and C5. The separation between electrodes was 3 mm in these experiments. (k-l) 

Velocities of assemblies formed in defects (fluorescence signals, shown in red circles) from (k) 

BODIPY-C5 and (l) BODIPY-C12 as a function of amphiphile concentration. The voltage was 

25 V and the separation between electrodes was 3.3mm. The corresponding fluorescence 

intensities are shown in blue circles. Lines drawn to guide the eye. (m) Synthetic route of 

trithiocarbonate chain-transfer agent (BODIPY-CTA) and BODIPY-poly(HEMA). NHS is N-

Hydroxysuccinimide, DIPEA is N,N-Diisopropylethylamine, AIBN is Azobisisobutyronitrile, 

and DMF is N,N-Dimethylformamide. (n) Velocities of defects hosting BODIPY-poly(HEMA) 

assemblies as a function of applied voltage. Contrast was enhanced in (f-i) to aid visualization 

of fluorescence signals 
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with increase in amphiphile concentration. For example, when applying 25 V (electric field – 8.3 

V/mm), defects hosting the assemblies formed from 50 µM BODIPY-C5 moved at velocities of 

5.7 ± 0.4 µm·s-1 while the corresponding velocity at 60 µM was 4.2 ± 0.3 µm.s-1. Similarly, the 

velocities for 50 µM and 60 µM BODIPY-C12 were 5.0 ± 0.04 µm.s-1 and 3.2 ± 0.5 µm.s-1, 

respectively. These results led us to hypothesize that the decrease in defect velocity with increasing 

amphiphile concentration reflects an increase in size of the assembly of molecules hosted in the 

defect.  

Support for the above-described hypothesis can be found in the results of Figure 2k and 2l, where 

defect velocities measured at 25 V (electric field – 7.5 V/mm) are shown to decrease with increase 

in concentration above but not below the CAC of BODIPY-C12 and BODIPY-C5. The dimer 

fluorescence intensity from the defect, which correlates with size of the BODIPY assembly, 

increases with increase in concentration above the CAC.46 When combined, we interpret these 

results to indicate that the size of an assembly formed within a defect impacts the drag on the 

defect.  

Finally, when the voltage used to drive the defect motion was increased to 50 V (electric field: 

16.6 V/mm), we also measured the defect velocity to decrease with increase in BODIPY-C12 

concentration, although the dependence on amphiphile concentration and tail length was measured 

to be weaker at the higher voltage (see SI). These results suggest that the drag created by the 

assembly of molecules within the core of the defect may be less important in determining defect 

motion at high defect velocities. We hypothesize that dissipative contributions arising from far-

field motion of the nematic solvent may dominate defect motion at high voltages and velocities.60,62  
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Next, we performed experiments to determine if assemblies formed from polymers within 

defects of nematic solvents impact defect dynamics in ways that are similar to those reported above 

for small molecule amphiphiles. For these studies, we prepared poly(HEMA) end-labeled with 

BODIPY (BODIPY-poly(HEMA); see Figure 2m) which, as described in the Introduction, we 

have shown previously to form well-defined assemblies within defects.51 Here, we focus on 

BODIPY-poly(HEMA) with degree of polymerization (DP) = 50 and concentrations of BODIPY-

poly(HEMA) that exceed its CAC (0.2 µM) in m = -1/2 defects of 5CB. Our measurements lead 

to two key conclusions. First, we found that assemblies of BODIPY-poly(HEMA) formed in the 

defects were transported by electric field-driven defect motion, and that defect velocities decreased 

with increasing concentration of polymer (at constant voltage) (Figure 2n, S6). These results are 

qualitatively similar to the results obtained with the small molecule amphiphiles (see Figure 2j), 

and consistent with a concentration-dependent growth in the size of the polymer assembly. Second, 

and more significantly, the magnitudes of the velocities measured with the BODIPY-poly(HEMA) 

are strikingly similar to BODIPY-C5/C12 (Figure S7), despite the fact that the concentrations of 

the polymer and amphiphile in the bulk nematic solvent differ by over two orders of magnitude. 

This similarity, however, mirrors the shared morphology (worm-like) and diameters (28 ± 4 nm 

for the amphiphiles46 and 30 ± 5 nm for the polymers.51) of the assemblies formed in the defects. 

Overall, this result provides further support for our conclusion that the dynamic response of the 

defect to the applied field correlates with the size of the assembly of molecules hosted within the 

defect. More broadly, measurements of the motion of defects hosting assemblies offers a promising 

approach to characterization of single assemblies of molecules (e.g., the CAC or the size of the 

assembly). We also performed experiments with a thinner film (200 µm) of 5CB, and observed 

that assemblies of small amphiphiles and polymers slow the defect movement (Fig S8).  
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Motivated by the goal of developing methods to transport reactants and products between distinct 

solvent environments (e.g., within integrated chemical systems), we next performed experiments 

to determine if we could transport assemblies of molecules between solvent regions containing 

different concentrations of amphiphile or polymer. To this end, we prepared nematic solvent 

domains with patterned concentrations of amphiphiles using the procedure depicted in Figure 3a-

c (See SI).   Our first experiments using the set-up shown in Figure 3a-c were performed with 50 

µM BODIPY-C12 (placed into the region indicated in green in Figure 3).  Immediately after 

removal of the central wire and before application of a voltage, inspection of Figure 3e reveals that 

the left side of the micrograph exhibited a stronger dimer fluorescence signal than the right side of 

the image. This gradient in fluorescence signal arises from the initial confinement of BODIPY-

C12 to the left side of the nematic solvent domain. The defect is visible as a bright line near the 

left side of the image in Figure 3e (see also Figure 3d for a bright field image of the defect).  The 

gradient in concentration of BODIPY-C12 evident in Figure 3e is long-lived on the time-scale of 

our experiment (mins). We estimated the diffusion length of BODIPY-C12 after 100 s to be 5 m 

(assuming D ≈ 1 m2/s)63 which is one order of magnitude smaller than the distance over which 

we observed the variation in the fluorescence signal (~ 100 µm) in Figure 3e. This observation 

also indicates that the initial concentration profile of the BODIPY-C12 is influenced by convection 

induced during removal of the wire. Following application of the voltage (25 V), we observed the 

defect shown in Figure 3e to be driven out of the region of the nematic solvent containing the high 

concentration of BODIPY-C12 approximately 45 s after the onset of the voltage (Figure 3e-m). 

We quantified the fluorescence intensity of the BODIPY-C12 assembly during the displacement 

of the defect across the sample (Figure 3o).  
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Figure 3. (a) Schematic illustration of nematic solvent either containing amphiphile (green) or 

free of amphiphile (yellow).  The two solvent regions are initially separated by a metallic wire 

within an optical cell. A defect, shown to form adjacent to the wire (electrode) on the left, hosts 

an assembly formed from the amphiphile present in the nematic solvent. (b) Removal of the wire 

generates a concentration gradient of amphiphile.  (c) Upon application of a voltage, the defect 

hosting the amphiphilic assembly moves down the concentration gradient towards the 

amphiphile-free region of the nematic solvent. (d)  Bright field micrographs showing the 

location of a topological defect (m = -1/2) in a nematic solvent phase. The dotted line in (d) 

indicates the location of the secondary wire prior to removal. (e-n) Fluorescence micrographs 

showing dimer fluorescence moving with the defect as a function of time under an applied 

voltage. Time indicates the time after the voltage was applied (25V, 1kHz AC, 50µM BODIPY-

C12). Contrast was enhanced in these images to aid the visualization of defect. (o) Fluorescence 

intensity measured and averaged in regions (380 μm ×180 μm) within the sample as a function 

of time. Peaks in fluorescence signal correspond to the location of assemblies, and are enclosed 

in black rectangles. position = 0 corresponds to the electrode surface. (p) Fluorescence from 

amphiphiles hosted in defects, after subtraction of base line intensity, as a function of time 

following the application of the voltage. (q) Velocity of defects containing amphiphile 
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assemblies as a function of time following the application of voltage (shown in blue). The 

corresponding fluorescence intensity of the assemblies are shown in red. (r) Fluorescence 

intensity from BODIPY-labeled fatty acid (red data) or BODIPY- poly(HEMA) (blue data) 

assemblies formed in defects in nematic 5CB, plotted as a function of time during displacement 

of the defect across the optical cells illustrated in (d-n). (25V, 1kHz AC, 50µM BODIPY-C12, 

50V, 1kHz AC, 0.5µM BODIPY-poly(HEMA). 

Following subtraction of the baseline intensity, we obtained the plots shown in Figure 3p. 

Inspection of Figure 3p reveals that for times between 0 and 45 s (during which time the defect 

traversed the amphiphile-rich region), the fluorescence intensity of the BODIPY-C12 assembly 

was largely invariant. The small increase in fluorescence intensity in the first 30 seconds 

(approximately 18% and 9% at 15s and 30s) lies within the uncertainty of the measurement (Figure 

3r). Upon moving into the nematic solvent region that was largely free of amphiphile (low 

fluorescence intensity), we recorded a pronounced decrease in the intensity of the fluorescence 

signal from the BODIPY-C12 assembly in the defect (Figure 3p). This decrease in fluorescence 

signal, in a region of amphiphile concentration below the CAC (the estimated position of the CAC 

is indicated by the dotted black line in Figure 3o – 60s panel), indicates disassembly of the 

BODIPY-C12 from the core of the solvent defect. We estimated the lifetime of the assembly in 

the region of solvent containing an amphiphile concentration below the CAC to be 14s (See SI, 

Figure S12). Since the lifetime of the assembly is less than the time required to relocate the defect 

from a region of high amphiphile concentration to low amphiphile concentration (~ 45 s), we also 

conclude that assemblies within the defect undergo dynamic exchange with the bulk solution as 

the defect traverses the optical cell during the first 45s in our experiment. Specifically, we estimate 

that it is possible to displace a given BODIPY-12 assembly by approximately 45 µm (velocity x 

lifetime, velocity ~ 3.3 µm.s-1, lifetime ~ 14 s) before the amphiphiles within the assembly are 

exchanged with amphiphiles present in the bulk nematic solvent. Overall, the rapid exchange of 

amphiphiles between the defect and the bulk of the nematic solvent that is evident in Figure 3 leads 
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us to conclude that defect-templated self-assembled structures formed by BODIPY-C12 are 

kinetically labile and are transported via transient association with the moving defect (Figure S16).  

We make one additional observation regarding the results in Figure 3e-m. Along with 

displacement of the position of the defect, Figure 3e-m shows that the intensity of the fluorescence 

signal from the BODIPY-amphiphiles dissolved in the bulk of the nematic solvent increased upon 

application of the voltage (compare Figure 3e to 3g). We confirmed that the application of the 

electric field did not cause migration of the amphiphiles in the absence of defects and that the 

increase in fluorescence intensity arises from the reorientation of the nematic solvent. This 

interpretation is supported by observations made with BODIPY amphiphiles in cells with uniform 

concentrations (Figure S11).  

Next, we performed experiments of the type described in Figure 3o-p using BODIPY-

poly(HEMA) (see SI for details). Quantification of the fluorescence intensity, as a function of time, 

is shown in Figures S13 and S14 and summarized in Figure 3r. Inspection of Figure 3r reveals that, 

in contrast to BODIPY-C12, the fluorescence signal from BODIPY-poly(HEMA) did not decay 

when the assembly was transported into a region of nematic solvent that contained a concentration 

of BODIPY-poly(HEMA) below the CAC. Specifically, the fluorescence intensity of the 

BODIPY-poly(HEMA) assembly was unchanged after 20 minutes of equilibration in polymer-free 

nematic solvent (Figure 3r). Experiments performed with a higher concentration (0.6 µM) of 

BODIPY-poly(HEMA) also revealed similar results (Figure S15). We interpret this overall 

behavior, which contrasts to BODIPY-C12, to reflect slow disassembly kinetics of BODIPY-

poly(HEMA) in the defects of nematic 5CB. We also note that assemblies of BODIPY-

poly(HEMA), when transported to regions below the CAC, are not permanent but dissociate after 

approximately 24 hours. Additionally, we have also observed that upon heating the nematic 5CB 
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to form an isotropic solvent phase, a process that eliminates the solvent defects, BODIPY-

poly(HEMA) assemblies present initially within a defect dissociate after a period of ~ 24 hours.51 

These results lead us to conclude that, in contrast to small amphiphiles, polymers like BODIPY-

poly(HEMA) form long-lived, but not permanent, self-assembled structures within defects of 

nematic phases of 5CB. It also provides support for our conclusion that electric-field induced 

defect movement leads to the transport of a single polymeric assembly across the entire LC sample 

during displacement of the host defect (Figure S16).  

We exploited the long lifetimes of the polymeric assemblies in defects to demonstrate that 

defects in nematic solvents can be used to “collect” and “store” macromolecular cargo. For these 

experiments, we filled the region between the primary and secondary wires shown in Figure 3a 

with pure 5CB, while the remaining volume of the optical cell was filled with 5CB + 0.3 µM 

BODIPY- poly(HEMA). Using an applied voltage, we repositioned the defect present initially in 

the polymer-free region of the nematic phase into the polymer-rich zone within which it triggered 

formation of a polymeric assembly (Figure 4a-l). Using this approach, we were able to study the 

dynamics of formation of the polymer assembly within the defect. Figure S17 shows that the  
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Figure 4. (a-d) Schematic illustration of defects used as vehicles to carry molecular cargo from 

a polymer-rich region of 5CB to polymer-lean region of solvent. (e) Bright field and (f) 

fluorescence images of assembly-free defect present initially in the polymer-free region of 

solvent. The dotted line in (e) and (f) indicates the location of the transition from polymer-free 

to polymer-rich solvent. (g, h) Defect is repositioned using an electric field to a region of solvent 

containing 0.3 µM BODIPY-poly(HEMA) (50V, 1kHz). No assemblies are present initially 

within the defects. (i, j) Bright field and fluorescence images showing formation of assemblies 

within the defects after 20 minutes. (k) The defect, carrying molecular cargo, returns to its initial 

location once electric field is turned off. (l) Fluorescence image showing that the defect carries 

the polymeric assemblies along with into the polymer-lean region. 

assemblies start to form within approximately 10 minutes of arrival of the defect in the polymer- 

rich region of the solvent. The assembly-loaded defect was then returned to the polymer-free 

region by removing the applied voltage (Figure 4k-l). Overall, this process resulted in the 

programmed formation of a polymeric assembly (triggered to form by the electric-field driven 

displacement of the defect), and its repositioning into a polymer-free region of solvent. These 

results provide further evidence of the potential utility of defects as programmable carriers and 

nanoreactors based on molecular self-assembly within their nanoscopic cores.  

This paper reports several key advances related to the formation and manipulation of single 

assemblies of molecules. Our strategy exploits geometry-induced defects in nematic solvents to 

enable formation of a single assembly of molecules at a predictable location within the solvent. 

This capability contrasts to molecular assembly in isotropic solvents (e.g., water), where multiple 

assemblies form at random locations within the solvent.  Specifically, we reveal for the first time 

how electric field-driven defect motion in nematic solvents is influenced by the presence of 

amphiphilic or polymer assemblies hosted in the defects. Our observations identify the importance 

of assembly size in determining the drag acting on the defects during their motion, particularly at 

low defect velocities, thus providing an approach to characterization of the properties (e.g., sizes) 

of single assemblies of molecules formed in defects. In addition, our results also suggest that it 

may be possible to develop molecular separation processes based on differential rates of motion 
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of defects. Such separation and analysis processes could find use in nanoscale reactor networks 

where assemblies formed in defects are used as nanocontainers for chemical synthesis.  

In addition, our work provides the first evidence of the use of defects as programmable vehicles 

for moving molecular cargo (Figure 4b-d), including the use of defects to transport assemblies 

between regions of solvent that possess distinct compositions. In doing so, we characterize the 

dynamics of molecular assembly and disassembly within defects. We envisage future studies in 

which assemblies are moved into solvent regions containing reactive species that partition into the 

assemblies and undergo reaction. In particular, our data show that polymeric assemblies can be 

sufficiently long-lived that they offer the basis of nanocontainers suitable for use during chemical 

synthesis (e.g., a reaction involving the polymer). Additionally, we point out that the distances 

over which the defects can be moved on time scales of minutes are far greater than diffusion 

distances of even small solutes, thus permitting compositional differences in a given solvent 

volume to be maintained during syntheses in which the defect is moved between various solvent 

regions (compositions). This observation reinforces our proposal that molecular assemblies hosted 

in topological defects offer exciting opportunities for integrated chemical systems.  

Our results also highlight several future directions of research. For example, our data suggest 

that there is a complex interplay of near-core and far-field solvent dynamics that determine the 

effective drag on a molecular assembly hosted within a defect. Additionally, our current 

understanding of the nanostructures formed by amphiphiles and polymers within defects in 

nematic solvents comes from equilibrium studies.  It is possible that the motion of the defect driven 

by an electric field may change those nanostructures. Indeed, moving forward, in-situ liquid-phase 

transmission electron microscopy (LPTEM)64–66 may provide one approach to the characterization 

of the morphological changes induced by defect motion.  
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