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Abstract

Natural biopolymers achieve information storage, molecular recognition and catalysis efficiently
through sequence-control. To be able to mimic such properties, self-assembly studies of artificial
sequence-defined oligomers is of great interest. In this paper, we show the use of hydrophilic,
lipophilic, aromatic and fluorophilic monomers to synthesize a large library of truly monodisperse
sequence-defined block co-oligo(phosphodiester)s. Automated and accurate control over the
sequence allowed to rationally study the degree of polymerisation, blocks ratio, chemical
composition and orthogonal supramolecular interactions influence on self-assembly. Interestingly,
our studies revealed remarkable morphological changes (spheres to nanosheets) caused by very
small differences between polymers, e.g., polymers differing by a single monomer unit. Inverting
block sequence in multi-block copolymers also caused a dramatic increase in micelle size.
Conventional polymerization does not allow the exploration of these subtle variations in polymer
sequence or composition. Therefore, fast synthesis and purification of a variety of oligomers with
slightly different sequences allows studying the supramolecular chemistry of precision oligomers
in a systematic way. It paves the way to the rational design of functional sequence-defined

polymers.
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Introduction

Nature uses sequence-defined polymers for molecular recognition, catalysis and information
coding. DNA and proteins are biopolymers of specific lengths and sequences, allowing them to
fold into highly functional macromolecules. To mimic such bio-macromolecules, many new
synthetic routes have been developed in the past few years.’? They rely on state-of-the-art
polymerisation techniques,®® biopolymer templated synthesis®2 or iterative strategies.®” Among
these, iterative approaches remain the method of choice to achieve the finest sequence-control. In
particular, phosphoramidite chemistry on solid-phase has been shown to combine the advantages
of high sequence precision,'18-20 high degree of polymerisation,?! heterofunctional monomers,??
and water solubility of the resulting oligo(phosphodiester)s.?® Very high coupling yields and
adequate purification result in monodisperse oligomers and polymers. In addition, this chemistry
has been the method of choice to make oligonucleotides for decades, thus leading to cost-
effectiveness and ready scale-up.?* The ultimate goal with precision polymers is to mimic the
efficiency and selectivity of biopolymers for example in catalysis. However, current applications
remain limited mostly to digital storage.?® It is necessary to provide insight into the self-assembly
and folding aspects of sequence-defined oligomers in order to design functional precision

macromolecules.

The self-assembly of block copolymers (BCPs) has been extensively investigated for numerous
applications including drug delivery, nanolithography, photoactive structures and porous
materials.?® BCPs can self-assemble into a range of structures: from simple spherical micelles to
semi-crystalline cylindrical structures, vesicles or nanosheets.?’3! The latter allow the 2D
organization of organic and inorganic molecules with applications ranging from catalytic arrays,
semiconductor materials or solar cells.3> Among BCPs, diblock copolymers (AB) have been the
most studied, leading to a detailed understanding of their self-assembly by microphase separation
between the blocks.3® The degree of polymerisation (N), the volume fraction of each block (f) and
the Flory-Huggins parameter (), representative of the degree of incompatibility of both blocks,
were shown to influence the polymer assembly at equilibrium in a non-solvent for one of the
blocks.

Due to the unique tunability of precision polymers, multiple orthogonal interactions can be

engineered in a sequence defined manner. Much like protein folding, these orthogonal interactions



can result in controlled folding of single polymer chains and/or highly specific inter-chain
assembly.3* Therefore, assembly rules of sequence-defined oligomers combine those for block
copolymers and those for single-chain folding. Systematic study of these rules would give
important insight into the self-assembly of sequence-defined oligomers.

Herein, we report a method to readily synthesize sequence-defined block oligo(phosphodiester)s,
rationally varying the three parameters (N, faand y) shown to influence self-assembly of block
copolymers. The automated synthetic strategy was key to simultaneously generate several
sequences with different degree of polymerisation (N) and blocks ratio (fa). Four hydrophilic,
hydrophobic, aromatic and “fluorophilic” monomers were chosen in order to precisely engineer
multiple orthogonal interactions in oligomers and vary the Flory-Huggins parameter (). A library
of 15 monodisperse block-oligomers with various sizes and sequences was synthesized. Due to
their anionic nature, they were easily purified and analyzed using methods that have been already
developed for nucleic acids, such as gel electrophoresis. The oligomers self-assembled in
magnesium containing buffers. Variation of monomer type, blocks ratio and length of the
oligomers resulted in spherical micelles of different size and nanosheets. Interestingly, our studies
revealed the dramatic morphological effect caused by very subtle differences like adding precisely
one monomer on the oligomer chain. For example, adding a single naphthalene monomer unit on
the same block co-oligomer chain changed the morphology from spheres to nanosheets, and
inverting the sequence of two blocks on the same oligomer caused a dramatic increase in micelle
size. A number of trends in precision oligo(phosphodiester)s self-assembly were deduced from
this investigation. They highlight the valuable insights into supramolecular behaviour that can be

obtained using sequence-defined oligomers.



Results and discussion

a. Phosphoramidite monomers from diols

We specifically chose four monomers that would allow us to engineer the hydrophaobic effect, n-n
stacking and the “fluorophilic effect. The latter occurs when several perfluorocarbon chains show
low affinity for surrounding molecules due to their amphiphobicity (ie hydrophobic and
oleophobic). With a palette of these three interactions, we synthesized a variety of different
nanostructures. A simple synthetic strategy based on diol precursors was used to produce the
monomers in a cost-effective and scalable manner. First, the diols were converted into mono DMT-
protected alcohol and then turned into phosphoramidites as shown on scheme 1. We believe a large
variety of monomers can be conceivably made through this simple method. Our group previously
reported the synthesis of sequence-controlled polymers appended to DNA using monomers C12
(12 carbon alkyl chain) and HEG (hexaethylene glycol).'® Both were made from diol precursors
and DNA oligomers containing these moieties were shown to self-assemble in water.83> We chose
these two monomers as simple hydrophobic and hydrophilic units respectively. For n-x stacking,
we chose a monomer (NAP) that contains a naphthalene moiety, made from a readily available
diol precursor.?? NAP also allows the oligomers to be UV-detectable, allowing their quantification
through spectrophotometry. Finally, a fluorophilic monomer (PFC)!° containing a
perfluorocarbon chain was used. High efficiency couplings are achieved with C12, HEG, NAP
and PFC showing that designing monomers using diols generally is an efficient strategy to

generate sequence-controlled oligomers (Figure 1, Table 1).
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Scheme 1. General strategy to obtain a DNA synthesizer-compatible monomer from a diol.



b. Synthesis of sequence-defined block co-oligomers with a DNA synthesizer
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Figure 1. Strategy to obtain a library of nanostructures with different sizes and shapes from sequence-defined block
co-oligomers made from 4 phosphoramidites and an automated DNA synthesizer. Chromatograms are from Reverse-
Phase High Performance Liquid Chromatography (RP-HPLC) with detection at 260nm. Atomic Force Microscopy
(AFM) images were obtained in Mg?* containing buffer conditions. Full HPLC chromatograms and gradients as well

as details on the AFM images are available in the supplementary information.

Monomers HEG, C12, NAP and PFC were used to rationally design a library of sequence-
controlled oligomers with different sequences and degrees of polymerisation in an automated
fashion (Figure 1). The four phosphoramidites were used in a standard DNA synthesizer along
with commercially available DNA synthesis reagents. Coupling cycles were similar to DNA
synthesis, but the coupling time was increased to 10 minutes and phosphoramidite concentration
was kept at ca. 0.1M in dry dichloromethane. With full synthetic cycles of 15 minutes, the synthesis
of a 10-mer takes no longer than 2h30min. Some polymers were made from a divergent method.
For example, oligomers A2 (HEG4-NAP2) and A3 (HEG4-NAP3) were made from the same
Controlled Pore Glass (CPG) support. After 4 coupling cycles with HEG and two with NAP, half
of the CPG beads was deprotected and half of it underwent a last coupling cycle with a NAP unit.
This divergent technique allowed to synthesize twice more oligomers. As a conclusion,
considering the synthesizer preparation, handling of the CPG and deprotection (2h30 in a basic
aqueous medium), the synthesis of a 15-member oligomer library shown here can take less than

9h with a common six ports MerMade® synthesizer. The phosphate groups of our polymers make



them water-soluble, enhancing their great ease of manipulation. Similarly to nucleic acids, they
can be quantified easily using UV absorbance at 260 nm and the extinction coefficient of NAP
(see SI-I1I). The first series of oligomers (A) (Table 1) shows the possibility of making diblock
copolymers with varying length and hydrophilic/hydrophobic ratios with monomers HEG and
NAP. For example, A2 (HEG4-NAP2) and A4 (HEG4-NAP4) have different lengths and ratios
while A4 (HEG4-NAP4) and A7 (HEGe-NAPs) only differ by the degree of polymerisation.
Another series (B) shows sequences with up to four different artificial monomers. While the A
series involved more n-n stacking, the main supramolecular interactions for B oligomers are the
hydrophobic and fluorophilic effect. For example, B2 (HEG4-NAP-C124) and B4 (HEG4-NAP-
PFC4) have similar length and sequence but the solvent incompatible block is mostly made of
hydrophobic C12 in one case and fluorophilic PFC units in the other. Synthesis of co-oligomers
where fluorophilic, hydrophobic and n-n stacking should influence self-assembly was also
achieved in high yields with B5 (HEGe-NAP-PFC4-C124) and B6 (HEGs-NAP-C124-PFCa).



C. Purification of sequence-defined block co-oligo(phosphodiester)s

All oligomers except A8 were purified through reverse-phase high-performance liquid
chromatography. Indeed, the addition of a hydrophobic phosphoramidite (C12, NAP or PFC)
during the last coupling cycle led to a clear shift between the full-length product and the by-
products on the chromatogram. Global yields were found to be very high in most cases (e.g.
oligomer B5, 79% for the last 8 couplings meaning an average of 97% per coupling, table 1). Other
types of sequence-defined polymers found in the literature are mostly isolated through reverse-
phase HPLC.1%12 However, this literature method is not adapted to hydrophilic or long oligomers.
For example, in the case of oligomer A8 (NAPg-HEG:2), hydrophilic monomer HEG was added
last. Thus, the full-length oligomer and the n-1 impurity (minus one HEG unit) would have similar
retention times on a reverse-phase chromatogram. In the polymer chemistry field, Size Exclusion
Chromatography (SEC) is used as a major characterization and sometimes purification method.
However, in the case of sequence-defined polymers, the resolution achieved by SEC is not good
enough to obtain good separation between a polymer and a n-1 impurity.*> Our
oligo(phosphodiester)s have the same anionic backbone as nucleic acids. Therefore, we tried to
apply typical procedures used for DNA purification. Anionic exchange chromatography was
considered but did not lead to satisfactory results in our case due to the oligomer self-assembly at
high salt concentration. We also wanted to apply the “DMT-on” purification method. This strategy
relies on leaving the hydrophobic DMT group on the last monomer added so that a clear shift is
observed using reverse-phase chromatography. In the case of a model DNA 19mer with a DMT
moiety at the 5’ end, the DMT stayed on under usual HPLC conditions. However, it fell off from
another strand modified at the 5° end with 6 C12 and the final DMT group. Therefore, we believe
this strategy is difficult to apply to a variety of oligomers (Figure S2).

We considered another classic method for DNA chemists more adapted to anionic oligomers:
electrophoresis. This method was recently applied by Sutton et al. for the separation of
oligo(acrylic acid)s through free solution capillary electrophoresis.®® We observed that oligomers
containing NAP could be visualized after running polyacrylamide gel electrophoresis (PAGE) and
staining with GelRed®, a molecule used to stain DNA (Figure 2b). The cationic and aromatic
GelRed® molecules most likely interact electrostatically with the anionic oligo(phosphodiester)s,

and with NAP units via n-n stacking. This experiment showed clear electrophoretic mobility



differences between oligomers of different size and sequence. With oligo(phosphodiester)s, PAGE
appeared as a way to differentiate oligomers similar in size. We believe it can be used more
accurately than SEC. Oligomers A6, A7 and A8 were purified via PAGE. They were loaded and
run on a 20% polyacrylamide gel and visualized with UV light (Figure 2c). Main bands were
excised, extracted from the gel using the “crush and soak” technique (see SI-1V) and salt-purified
using a small SEC filter. Hence, we showed that such polymers can be purified through gel

electrophoresis due to their anionic nature leading to a truly monodisperse population of oligomers.
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Figure 2. Description of the block co-oligomers (a), PAGE analysis (20% in denaturing conditions) of the crude
mixtures of oligomers obtained after cleavage from solid support. Interestingly, HEG4-NAPg seems to self-assemble
even in denaturing conditions (non-penetrating band). (b), Visualization of oligomers A6 and A7 through UV 254nm

illumination of a 20% polyacrylamide gel on a fluorescent TLC plate (c).



d. Self-assembly characterization

Table 1. Yields and self-assembly characterization of oligomers made

Name Sequence HPLC Morphology in Hydrodynamic Poly-

Yields? aqueous medium® diameter® [nm]  Dispersity
(%) Index® [%]

Al HEG.-NAP 75 Unimers (D) f -

A2 HEG.-NAP, 72 Unimers (D) f -

A3 HEG4-NAP; 71 Spherical (A/D/G) 16.0 7.6

A4 HEG4-NAP4 91 Nanosheets (A/D/G) 1099 17.2

A5 HEG-NAPs 41 Not determined - -

A6 HEGs-NAP;3 65 Spherical (D/G) 15.6 12.2

A7 HEGs-NAP; 44 Nanosheets (A/D/G) 50.0¢ 38.4

A8 HEG1>-NAPg -¢ Spherical (A/D) 42.2 12.8

A9 NAP2-HEG4-NAP; 48 Not determined - -

B1 HEG,-C12,-NAP 86 Spherical (G) h -

B2 HEG,-NAP-C12, 83 Spherical (G) h -

B3 HEGs-NAP-C12, 87 Spherical (A/D/G) 13.2 7.8

B4 HEG4NAP-PFC, 76 Spherical (G) -h -

B5 HEGs-NAP-PFC4-C12, 79 Spherical (A/D/G) 17.4 13.2

B6 HEGs-NAP-C124-PFC, 70 Spherical (A/D/G) 21.6 15.8

a Yields were calculated through product peak area by RP-HPLC (260 nm detection) considering the relative
absorbance of by-products. Yields could only be calculated from the first naphthalene introduction. b Methods
of morphology determination is between parentheses. A=AFM, D=DLS, G=Gel electrophoresis. ¢ Measured
by DLS, 25 pM d Obtained from calculations using a globular protein model with Dynamics v.6.b e Yields
could not be measured by HPLC since the HEG moieties were added after the NAP ones. f Results seem to
show the presence of only very small particles (Figure S15). g. AFM studies show the presence of non-
spherical objects in this case, hydrodynamic diameters are reported to give an insight into these structures

size in solution. h. Over-scattering was observed.

The amphiphilic nature of our oligomers made them good candidates for self-assembly in aqueous
solvents. Inspired by nucleic acids chemistry and by our previous work,'® we decided to mainly
study the self-assembly properties of our oligomers in magnesium containing buffers. Divalent

magnesium cations interact with the phosphate negative charges minimizing repulsion between



anionic oligomers. This allows the formation of phosphate-containing hydrophobic cores.®
Strikingly, the higher solubility of all oligomers A and B in water due to the phosphate groups
allows them to directly self-assemble from the dry state to the aqueous state. To ensure clean self-
assembly of our oligomers, we annealed them from 95 °C to 4 °C in 1 hour. Annealing prevents
the formation of kinetically trapped nanostructures and favors the thermodynamic product. To
characterize our structures, we performed Atomic Force Microscopy (AFM), Dynamic Light
Scattering (DLS) and Agarose Gel Electrophoresis (AGE). AFM was performed in both dry and
fluid conditions, using Nickel (I1) to favour the interaction of the negatively charged phosphates
with the mica (see SI-V1).3” Under these conditions, AFM showed the formation of spherical

micelles with six of the oligomers (Figures 3, S9, S11-S15).
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Figure 3. Schematic representation of spherical micelle self-assembly (a), Atomic Force Microscopy images on Mica
of spherical micelles aggregates in dry conditions of A8, 10 uM (b) and in fluid conditions of B3, 50 uM (c).

On the other hand, two oligomers, A4 (HEG4-NAP4) and A7 (HEGs-NAPs), formed nanosheets
of uniform height (Figures 4, S4-S8, S10). The average height in dry images was difficult to
evaluate, as magnesium and nickel salt deposits resulted in a non-uniform background layer on
mica. In liquid, the average height of A4 is 5.7 nm. Low voltage Transmission Electron
Microscopy (TEM) was also performed with A4 (HEG4-NAP4). Uniform nanosheets were
observed further confirming the assembly of A4 into sheets when deposited on mica or carbon
films (Figures 4c and S16). Sequence-defined peptoids and pyrene-based oligo(phosphodiester)s

nanosheets have attracted significant interest due to potential applications in organic materials



templated growth.%83° However, examples of sequence-defined nanosheets are rare and usually
involve only rigid monomers and very short sequences. In our case, the possibility of making such
sheets in the presence of the flexible HEG corona highlights the great stability of the sheets core.
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Figure 4. Schematic representation of spherical micelle self-assembly (a), Atomic Force Microscopy images on Mica
of nanosheet forming structures with HEG4-NAP, (oligomer A4) in fluid conditions (b), in dry conditions (c), using
Low-Voltage Electron Miscroscopy (LVEM) in a transmission mode (d) and Atomic Force Microscopy images on
Mica of nanosheet forming structures with HEGg-NAPg (oligomer A7) in dry conditions (e). Concentration used is
50 uM.

To study our oligomers in solution, we also performed Dynamic Light Scattering (DLS)
measurements. The technique allowed us to estimate the diffusion coefficient and the
polydispersity index of our structures (SI-V1I1). Most spherical micelle forming oligomers led to
signals confirming the self-assembly into discrete highly monodisperse nanostructures.

Hydrodynamic diameters (Table 1) were calculated using a globular protein model. This gives a



good estimation of the size of the spherical micelles in solution (see section e for analysis). As
expected, nanosheet forming structures had a greater polydispersity index and a smaller diffusion
coefficient than the other structures. A1 (HEG4-NAP) and A2 (HEG4-NAP2) had similar signal
as the buffer control, showing that they do not self-assemble under the conditions explored (Figure
S15). Over-scattering was often observed in the case of A5 (HEG4-NAPs), A9 (NAP2-HEGas-
NAP;), B1 (HEGs-C124-NAP), B2 (HEG4s-NAP-C124-NAP) and B4 (HEG4-NAP-PFC,).
We believe their self-assembly may induce the formation of some large aggregates at the
concentration (25 uM) used for DLS.

Inspired by our expertise in nucleic acid characterization, we also used Agarose Gel
Electrophoresis (AGE) to gather more information about our oligomer self-assembly. Indeed,
agarose gels have larger pore size than polyacrylamide gels allowing larger constructs such as self-
assembled structures to go through the gel. In the case of the library of oligomers that we describe
here, diblock oligomers A3 (HEG4-NAP3), A6 (HEGs-NAP3) as well as B1 (HEG4-C124-NAP)
to B6 (HEGe-NAP-C124-PFC4) have similar mobility behavior as DNA-polymer micelles
reported by our group elsewhere!® (Figure 5 and S19) which is in accordance with the AFM and
DLS results. Oligomers A4 (HEG4-NAP4), A5 (HEG4-NAPs) and A7 (HEGs-NAPs) do not show
discrete bands on these gels but smearing bands or non-penetrating material. This observation is
consistent with the sheets*° observed by AFM and TEM for A4 and A7. Hence, AGE is a valuable
inexpensive method to qualitatively characterize the self-assembly behavior of various
nanostructures at once. This is of great interest for relating the influence of degree of

polymerisation, sequence and chemical composition with self-assembly.
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Figure 5. AGE with sequence-defined block co-oligomers in native conditions in large pores agarose gel (2.5%).
Diblock oligomers (a) and B series of oligomers (b). The DNA ladder shows that some structures move as fast as a
500mer double-stranded DNA.



e. Influence of sequence on self-assembly

Taken together, our results can lead to multiple conclusions regarding the influence of parameters
such as size, composition and supramolecular interactions involved in the self-assembly of
sequence-defined oligomers. Al (HEG4-NAP) to A5 (HEG4-NAPs) were designed to gradually
increase the hydrophobic content and ©-w stacking interactions while keeping the hydrophilic part
constant. This series shows the potential of precision polymers, which allow the systematic
analysis of very subtle differences of single monomer units between oligomers. We showed
through Dynamic Light Scattering that A1 and A2 do not self-assemble. This result was expected
considering their very low hydrophobic content. With one additional NAP monomer, spherical
micelles with a NAP-containing core and a HEG corona are now formed. A2 and A3 only differ
by one NAP monomer. This small difference triggered self-assembly into spherical micelles as
shown by AFM, DLS and AGE. Interestingly, adding another NAP monomer radically changes
the mode of assembly of the oligomer: nanosheets were observed on mica with AFM and on
graphene films with TEM. DLS and AGE also suggest the formation of higher-order structures.
This result is in accordance with the subtle NAP/HEG ratio increase from A3 (3:4) to A4 (4:4).
This drastic change in assembly between two similar oligomers is striking, compared to
conventional BCPs. In the case of sequence-defined oligomers, only one monomer can trigger

self-assembly from spherical micelles to nanosheets.

A6 (HEGs-NAP3) was designed to have similar hydrophobic content as A3 (HEG4-NAP3) but two
more hydrophilic HEG units. We hypothesized that A6 would form spherical micelles with a
larger hydrophilic corona. However, DLS and AGE seem to show that A6 micelles is comparable
or even smaller in size than A3, suggesting that A6 assembles with a denser chain-packing than
A3. On the other hand, A8 (HEG12-NAPs) was designed to have a similar HEG to NAP ratio than
A3 but a higher degree of polymerization. We observed that both oligomers form spherical
micelles, but the diameter of A8 is much larger than A3. In other words, a small increase in
hydrophilic content did not lead to a micelle diameter increase, but a higher degree of

polymerization led to larger micelles.

In the case of nanosheets, A4 (HEG4.NAP4) and A7 (HEGs-NAPs) have the same HEG:NAP

ratio, and only differ by their degree of polymerization. As expected, they formed similar lamellae



structures. However, contrary to the case of A8 and A3, the higher DP nanostructures have a larger

diffusion coefficient (SI), implying that A7 forms smaller structures than A4.

The B series of oligomers was designed to gather information on the influence of different
supramolecular interactions on self-assembly. We could change the type of interaction by changing
the nature of the monomers involved. For example, B2 (HEG4-NAP-C124) and B4 (HEGs-
NAP-PFC,4) differ by the type of monomers involved but have similar degrees of
polymerization. Using AGE, B2 appears to have a smaller size than B4 (Figure S21),
possibly indicating that using PFC leads to larger micelles than C12.

We designed B5 (HEGs-NAP-PFC4-C124) and B6 (HEGes-NAP-C124-PFC4) because lipophilic
and fluorophilic triblocks copolymers can sometimes induce unusual morphologies as reported
elsewhere.*! In our case, AFM and DLS results show the presence of spherical micelles (Figure 1
and S12-S13). The significant diameter difference of B5 (HEGs-NAP-PFC4-C124) (17.4 nm) and
B6 (HEGs-NAP-C124-PFC4) (21.6 nm) observed by DLS in solution highlights the crucial role
of the oligomer sequence. Indeed, these two oligomers have similar degree of polymerisation and

composition but the fluorophilic and lipophilic blocks positions are inverted.

Through the design and synthesis of oligomers A and B, we observed self-assembly trends
depending on the size, blocks ratio, blocks position and monomer nature of each oligomer. Some
parameters dictated very different behaviours. For example, oligomers A3 (HEG4-NAP3) and A4
(HEGa-NAP4) only differ by one monomer but have radically different modes of assembly. These
conclusions give insight into the self-assembly of oligo(phosphodiester)s and can be used to

rationally design nanostructures for specific applications.

Conclusions

In conclusion, we demonstrated the rapid synthesis of a new class of self-assembling sequence-
defined block oligomers with rational variation of the degree of polymerisation — i.e., increasing
the number of monomers one by one in a monodisperse chain, block ratio, monomer type and
supramolecular interactions. We designed four monomers to introduce hydrophobic and
fluorophilic effects as well as n-n stacking in the final oligomers. Purification was achieved using

reverse-phase chromatography or simple electrophoresis techniques. Block co-oligomers obtained



were truly monodisperse. Self-assembly experiments revealed the formation of spherical micelles
of different sizes as well as two-dimensional nanosheets. For a given oligomer, our observations
were systematically compared to the ones obtained with oligomers of different length, sequence
or chemical composition. They revealed how these parameters influenced the constructs size and
modes of assembly. Perfect sequence- and length-control was found to be a determinant parameter
in the self-assembly process. Indeed, a small modification in the sequence can have a drastic effect

in the nanostructure output (size or shape).

Automated synthesis provides the possibility to rationally study new parameters in block
copolymer assembly, such as addition of a single monomer to a chain, or inversion of polymer
sequence. It can significantly broaden our understanding of sequence-defined oligomers and paves

the way to the design of functional precision polymers.
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