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ABSTRACT: The monomer units of a polymer can be used to encode a message. This property is used, for instance, by nature
to store genetic information in DNA macromolecules. Therefore, during the past decades, many researchers have aimed to
recreate in vitro or in vivo the properties of nucleic acids. Peptide nucleic acids, or more generally speaking xeno-nucleic acids, are
interesting examples of man-made genetic polymers. However, the genetic code is surely not the only type of code that can be
“written” in a polymer. In principle, many other monomer-based codes could be developed. For example, a binary code can be
potentially implemented in a synthetic macromolecule using two comonomers defined as 0 and 1 bit. This possibility is exciting
because it would permit to develop a full new class of synthetic polymers, which contain sequence-coded information. Such
polymers could be interesting for a variety of new applications, for example in the field of data storage and product identification.
However, these tempting options are currently underexplored. It should be clarified that the development of information-
containing macromolecules is not trivial. First of all, in order to contain “readable” information, such polymers should possess
perfectly controlled comonomer sequences. Moreover, chemical and analytical methods that allow deciphering of sequence-
coded information have to be developed. The aim of the present Perspective is to show that significant progress has been done in
that direction during the past two years. For instance, convenient strategies have been reported for the preparation of
monodisperse sequence-defined macromolecules. In addition, encouraging advances have been made for the sequencing of non-
natural polymers. These recent results are discussed and critically analyzed herein. Altogether, monomer-based information
storage should be regarded as a new property of synthetic matter.

B INTRODUCTION

Most of the important properties of synthetic polymers have
been identified, and many of them were discovered long ago.
For instance, the thermal, optical, electrical, mechanical, and
rheological properties of polymer materials have been
extensively studied.' In addition, the self-assembly,” supra-
molecular,’ stimuli-responsive,4 shape-memory,5 and self-
healing®” behaviors of polymers are widely investigated.
However, one important property of synthetic polymers has
been overlooked, namely their information-storage capacity.
This property is essential in biology. Indeed, in all known life
forms, genetic information is stored in DNA chains in the form
of nucleotide sequences.” This is an efficient storage strategy, in
which only four monomers—the well-known ATGC code—are
used to encrypt information. Although central in natural science
for eons, this property was never mimicked in synthetic
polymers. Of course, many important features of DNA have
been recreated by chemists. For instance, examples of artificial
self-replicators'®"" and non-natural double-helices'* have been
reported. However, the possibility to form monomer-coded
strings of information on synthetic polymers was not
considered until very recently.*'® Yet, such a property could
open up a full new range of applications for synthetic polymers,
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e.g, in the fields of data storage, information processing, and
product identification. In this context, the aim of the present
Perspective is to discuss recent progress in polymer science that
makes this new class of polymers attainable.

The field of sequence-controlled polymers has been
neglected for a long time.'"*”'® During the early years of
polymer science, different types of copolymers such as
statistical, alternating, and block copolymers were rapidly
discovered.'’~*° Although significant progress has been made
to simplify their synthesis, these categories of copolymers have
more or less remained the state-of-the-art for almost five
decades.”" In fact, during that period of time, most progress in
sequence definition has been made in biochemistry, in
particular with the development of methods allowing synthesis
of sequence-defined peptides** and oligonucleotides,” as well
as the sequencing of biopolymers.**~>" Only recently have
examples of non-natural sequence-defined polymers been
reported.”® This discipline has a part of its roots in the fields
of foldamers and peptidomimetics. Early examples of sequence-
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Figure 1. Examples of manmade and biological codes: (a) Morse code created in 1832 and used in telegraphic communications in the 19* and 20
century. (b) Binary code introduced in 1679 by Leibniz®® and used in digital communication and computer technologies in the 20% and 21* century.
The displayed digital sequence is an 8-bit extended ASCII-encoded text. (c) Genetic code used in biology for protein synthesis. This cartoon is not
comprehensive and represents only some of the 64 codons that constitute the genetic code.

defined oligomers were reported by Moore,” Zuckerman,*
Schultz,®' Fréchet,** and others.'* In addition, the synthesis of
sequence-defined polypeptides containing noncanonical mono-
mers by protein engineering has been reported by Tirrell** and
Schultz.** More recently, strategies for controlling comonomer
sequences in conventional polymerization processes such as
chain-growth and step-growth polymerizations have been
increasingly studied in the literature. For example, interesting
concepts for regulating sequences in controlled radical
polymerizations, >~*! anionic poly'merization,‘n’43 ring-opening
polymerization of lactones,* ring-opening metathesis polymer-
ization,** multicomponent polymerizations,*® step-growth
radical 4polymerization,47 and acyclic diene metathesis polymer-
ization® have been described. Furthermore, advanced concepts
for sequence regulation based on templates*** or molecular
machines®" have been reported. Overall, the field has drastically
evolved during the past few years.”® Numerous options are now
available for the synthesis of sequence-controlled polymers.

In terms of properties and applications, the motivations for
preparing sequence-controlled polymers are diverse. For
example, one important aim is the formation of folded
macromolecules®>> and, more broadly speaking, the prepara-
tion of complex single-chain obéjects that can mimic the
properties of globular proteins.>*~* It was also observed that
monomer sequence regulation allows fine-tuning of macro-
scopic properties such as crystallinity,’’ biodegradability,*>**
and optoelectronic properties.** Apart from that, and as
mentioned above, the molecular storage of information will
be a new application for sequence-controlled polymers. In such
information-containing polymers, the monomer units are used
as molecular bits to encode a message.® For example, a digital
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code can be implemented in a chain using two monomers
defined intentionally as 0 and 1 bit. It has already been
demonstrated that coded messages can be encrypted in DNA
chains.®>®® These messages can be easily analyzed using
sequencing tools developed for genomics. However, for such
an application which is more related to materials science than
biology, DNA is most probably not the only polymer that could
be used. As pointed out in a recent essay,” synthetic polymers
could be an interesting alternative to DNA for molecular
information storage. However, this implies that technical tools
for coding and reading information on synthetic polymers
should be developed. This is definitely not a trivial task because,
similarly to biopolymers, synthetic information-containing
polymers should have perfectly controlled molecular structures,
i.e,, being monodisperse and sequence-defined. In addition, the
sequencing of synthetic macromolecules is still an under-
developed field of research.”” However, all the necessary
elements for achieving such macromolecules are probably
already available. These recent progresses are summarized and
critically analyzed in the present Perspective article.

B MONOMER-BASED CODES

As described above, monomers could be used as coding units to
implement a message in a polymer. This concept is very
general, and in principle many different types of monomer-
based codes could be created. Figure 1 shows examples of
common codes found in nature or used in human
communications. All these codes rely on two or more basic
units (e.g., bits or trits) or eventually (e.g, bits, trits ...) that are
arranged in a string of information. Binary codes are used in
most human information technologies.”® For example, the
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Figure 2. Strategies reported by our group for the synthesis of information-containing macromolecules: (a) Synthesis of sequence-coded non-natural
polyphosphates by phosphoramidite chemistry. Experimental conditions: (i) DMT deprotection: CCl;—COOH, CH,Cly; (ii) coupling step: RT,
ACN, tetrazole; (iii) oxidation: RT, I,, H,O/pyridine/THF; (iv) cyanoethyl deprotection and cleavage: piperidine, ACN then NH;, H,O, dioxane.
(b) Synthesis of sequence-coded ohgo(trlazole amide)s via an “AB + CD chemoselectlve approach involving successive copper-catalyzed azide—
alkyne Huisgen cycloaddition and carboxylic acid-amine coupling steps.”®”” Experimental conditions: (i) Huisgen cycloaddition: CuBr; dNbipy,
THEF; (ii) amidification: PyBOP, DIPEA, CH,Cl,; (iii) cleavage: TFA/ CHZCIZ. (c) Synthesis of sequence-coded oligo(alkoxyamine amide)s via an
accelerated “AB + CD” chemoselective approach involving successive anhydride—amine and nitroxide radical coupling steps.”” Experimental
conditions: (i) anhydride—amine coupling: THF, DIPEA or K,COs5; (i) radical—radical coupling: CuBr, Me,TREN, DMSO; (iii) cleavage: TFA,

CH,CL,.

popular Morse code (Figure 1a) and digital codes (Figure 1b)
are both based on two basic units (i.e., dot/dash and 0/1). The
widespread use of such binary codes is not only due to their
simplicity but also in some cases to technological reasons. For
instance, computers utilize binary languages because they
interpret electrical or optical signals with only two different on/
off states. Biology, on the other hand, uses more complex
codes. As mentioned in the Introduction, DNA utilizes a
quaternary code based on four basic units A, T (or U), G, and
C (Figure lc), although in principle a binary code could be
used as well for storing genetic information. However, a binary
genetic code would be disadvantageous for multiple reasons.
For instance, longer DNA strands would be needed to store all
genetic information, and protein synthesis would be greatly
complicated, if not even impossible. Indeed, in codon-based
translation, 64 possibilities—coding the 21 natural amino
acids—are created with trimers of the four letters AUGC (i.e.,
4® = 64). If only two letters were used, hexamers would be
needed to create the same number of possibilities (i.e., 2° = 64).
In other words, the use of a four-letter code permits Nature to
save monomers and atoms.

The design of non-natural information-containing macro-
molecules is somehow inspired by both man-made and
biological codes. However, such polymers are primarily
conceived for nonbiological applications, e.g., in the field of

nanotechnology and materials science. Thus, their molecular
coding should be to some degree related to human
technologies. That is the reason why binary-encoded polymers
have been mainly studied to date and will be chiefly discussed
in the following sections of this Perspective. Nevertheless,
codes based on three (ternary), four (quaternary), or more
monomers could be also envisioned. As learned from biology,
such extended codes could be monomer-economical and
simplify polymer design. In other words, they would permit
to encode a large number of possibilities using polymers with
short chain lengths. For example, considering a model
heterotelechelic decamer (DP = 10) with distinct a- and -
termini, 2'° = 1024 different sequences can be created with a
binary monomer code, whereas 59049 (3'°) and 1048576 (4'°)
situations can be attained with a ternary or quaternary code,
respectively. More than 6 billion possibilities could be obtained
using six different monomers. Such information-storage
capacities are immense and underexplored. It should be
moreover remarked that these calculations are made assuming
that one monomer is a basic unit. The overall number of
possibilities could be even larger if regiochemistry and
stereochemistry are taken into account. These simple
calculations suggest that extended monomer sets are probably
advantageous for polymer coding. It would be possible to write
sentences of text on a polymer using 26 different monomers
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that code for the 26 letters of the Latin alphabet. Such a goal
would be achievable using, for example, 21 natural and 5
noncanonical amino acids. However, the use of a large number
of different monomers may also greatly complicate polymer
synthesis and characterization. The synthesis of sequence-
defined polymers using complex monomer alphabets would
require the use of side-chain protecting groups and orthogonal
chemistries. In addition, polymer sequencing can be difficult if
complicated macromolecular structures are used. Thus, the
design of non-natural information-containing macromolecules
requires somehow a good balance between chemical simplicity
and monomer economy.

M SYNTHESIS OF CODED MACROMOLECULES

Sequence-coded copolymers are easy to conceptualize but not
trivial to synthesize. As defined in the Introduction, a string of
information can be possibly implemented in a polymer chain
using a monomer code. However, if one aims to implement a
readable message in a polymer, the encoded monomer
sequence has to be perfectly controlled. In other words, the
primary structure of the polymer should be defect-free and
exactly the same in all chains.*” Thus, such macromolecules
cannot be synthesized using classical methods such as chain-
growth or step-growth polymerizations. Even though these
techniques enable some degree of sequence regulation, they do
not allow sgnthesis of perfectly monodisperse sequence-defined
polymers.”” On the other hand, solid-phase iterative chemistry
is an adequate tool for preparing information-containing
macromolecules. Although initially developed for the synthesis
of sequence-defined oligopeptides,*” this technique has been
extended to the preparation of a wide variety of non-natural
oligomers.'* In this approach, monomers are covalently bound
one-by-one on a solid support. This strategy is efficient but
time-consuming since it often requires deprotection and
capping steps. Hence, solid-phase chemistry is generally used
for the synthesis of short oligomers with fewer than 10
monomer units.”® Information-containing polymers should
typically exhibit longer chain lengths in order to store
substantial information (vide infra).® Therefore, fast and
efficient iterative approaches, which resemble real polymer-
ization processes, have to be selected for preparing them.
Figure 2 shows three straightforward strategies that have been
recently studied by our group for the synthesis of information-
containing macromolecules. The first approach utilizes
phosphoramidite coupling steps (Figure 2a), which have been
initially introduced for oligonucleotide synthesis.”" This
strategy relies on a three-step cycle: (i) deprotection of a
resin-bound hydroxy group, (ii) coupling of the hydroxy
function with a phosphoramidite monomer, and (iii) oxidation
of the resulting phosphite into a phosphate. Since this
chemistry has been highly optimized during the past decades,
each cycle can be quantitatively completed within a few
minutes.”” As a consequence, sequence-defined polynucleotides
containing more than 100 residues can be synthesized using
this approach.”® We have shown in a recent publication that
phosphoramidite chemistry also allows convenient synthesis of
non-natural sequence-coded polyphosphates.”* Non-nucleoside
phosphoramidite monomers were studied in this work (Figure
2a). In order to implement a code in the polymer chains, two
phosphoramidite monomers containing a propyl and a 2,2-
dimethylpropyl synthon were used as 0 and 1 bit, respectively.
Long encoded sequences were easily synthesized using these
monomers. In addition, a monomer containing a 2,2-
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dipropargylpropyl synthon was studied (structure 1’ in Figure
2a). This monomer allows postpolymerization modification of
the polymers by copper-catalyzed azide—alkyne cycloaddition
(CuAAC). As a consequence, the molecular structure of the
coding monomer units can be varied after polymer synthesis.
Altogether, phosphoramidite chemistry seems to be a very
interesting platform for preparing information-containing
polymers. Still, it involves deprotection and oxidation steps
that somehow complicate polymer synthesis. Over the past
years, interesting protecting—grot;g—free iterative strategies have
been reported in the literature.”” For instance, our group as
introduced an efficient “AB + CD” concept that allow synthesis
of sequence-coded polymers (Figure 2b).”® This approach
utilizes two building blocks AB and CD. The first one possesses
reactive carboxylic acid (A) and alkyne (B) moieties, whereas
the other contains an azide (C) and a primary amine (D). The
building blocks are attached together using two consecutive
chemoselective steps: (i) CuAAC and (ii) carboxylic acid—
amine coupling. Protecting groups are not required in this
approach because function A reacts only with function D,
whereas function B reacts exclusively with function C. This
concept allows preparation of monodisperse oligo(triazole
amide)s’® and was recently extended to the synthesis of coded
macromolecules.”” In this latter study, two different AB
building blocks were used as 0 and 1 coding units. Their
interchangeable use in step ii allowed synthesis of sequence-
encoded oligo(triazole amide)s. Very recently, a convergent
strategy involving the successive ligation of dyad-encoded
oligomers was also introduced to simplify this approach.”®
However, this strategy remains, overall, relatively time-
consuming. Our group has recently identified an even more
efficient AB + CD method for preparing information-
containing macromolecules (Figure 2c).”” This approach
utilizes an AB building block, which is an acyclic symmetric
acid anhydride (A) containing alkyl bromides (B), and a CD
building block, which is a nitroxide (C) bearing a primary
amine (D). Two successive chemoselective steps can be
performed with these monomers: (i) the reaction of the
anhydride with a primary amine to form an amide bond and (ii)
the coupling of a carbon-centered radical, obtained by copper
activation of an alkyl bromide, with a nitroxide to afford an
alkoxyamine. It was found that the repetition of these two steps
allow synthesis of monodisperse sequence-coded oligo-
(alkoxyamine amide)s. Furthermore, the formed coded
polymers can be easily sequenced by tandem mass spectrom-
etry (see next section for details).

B SEQUENCING

The word “sequencing” refers to the complete decoding of a
sequence-defined macromolecule. It should not be confused
with sequence analysis using NMR and other methods, which
has been classically used in polymer science for quantifying the
fraction of dyads or triads in alternating or statistical
copolymers.**~* The differences between sequencing and
sequence analysis were discussed in details in a recent review.®’”
The readers may refer to that text for an overview on these
topics. Sequencing methodologies have been primarily
developed for the analysis of biopolymers such as proteins
and DNA. Pioneer methods for protein sequencing have been
reported independently by Edman®* and Sanger™ in the early
1950s, while efficient DNA sequencing methods have been
reported about 25 years later by Gilbert*® and Sanger.”” After
that, a broad spectrum of optimized methodologies has been
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reported.”*™¥ As a consequence, biopolymers can be
sequenced today in a fast and efficient way using automated
sequencers. However, these available sequencing method-
ologies have been rarely used for characterizing non-natural
polymers.”” Some of these methodologies rely on biological
concepts (e.g, DNA amplification, polymerase-based sequenc-
ing, enzymatic cleavage) and cannot be applied to all polymers.
However, some other are more universal. For instance, tandem
mass spectrometry is a sequencing method that can be applied
to both natural and non-natural polymers.””**~°! In MS/MS
measurements, sequence-defined oligomers are fragmented in a
mass spectrometer, and the resulting fragments are charac-
terized. This technique has been extensively used for peptide
and oligonucleotide sequencing.*** In comparison, it has been
less frequently applied to non-natural polymers.”>~** However,
some synthetic polymers could be much easier to sequence
than biopolymers. Indeed, the molecular structure of synthetic
macromolecule can be tailored for a particular sequencing
technology, whereas in biopolymer sequencing, the read-out
device has to be adapted to a molecular structure that is
imposed by biology. For instance, in collaboration with the
group of Laurence Charles in Marseille, we have recently
discovered that poly(alkoxyamine amide)s are remarkably
convenient to sequence by ESI MS/MS.” Figure 3 shows
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Figure 3. Sequencing of an oligo(alkoxyamine amide) containing the
monomer-coded sequence 11010. (a) Molecular structure of the
monodisperse oligomer containing defined a- and w-termini. (b) ESI-
MS/MS spectrum obtained after collisional activation of the m/z
1156.7 precursor ion containing the "’Br isotope. This spectrum was
recorded by Laurence Charles at the University of Marseille. The
figure is adapted from ref 79.

the tandem sequencing of a coded oligo(alkoxyamine amide)s
containing the binary sequence 11010. Because of the presence
of alkoxyamine “weak links” in the polymer backbone, the
fragmentation of the oligomers in the mass spectrometer is
straightforward because no alternative dissociation reaction
competes with the low-energy homolytic cleavage of the C—
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ON bond. As a consequence, the sequencing of these polymers
can be can be performed in a clean fashion within a few
minutes. Of course, not all synthetic polymers are easy to
sequence by tandem mass spectrometry. Preliminary measure-
ments made with sequence-coded polyphosphates (Figure 2a)
and oligo(triazole amide)s (Figure 2b) indicated that the MS/
MS fragmentation pathways of these polymers is more complex
than the one found for oligo(alkoxyamine amide)s. However,
other sequencing techniques can be considered for these
polymers.%” For example, water-soluble sequence-coded poly-
phosphates are interesting analytes for nanopore sequencing. In
this technique, the polymer is analyzed in a pore, which can be
biological or synthetic. For instance, membrane protein
channels such as a-hemolysin have been extensively used for
DNA sequencing.”> When passing through the protein pore,
the DNA analyte induces a blockade in the channel current,
which can be recorded and correlated to a primary
structure.”®®” Although numerous studies have been done
with nucleic acids, only a few other polymers have been studied
in protein nanopores.gg_wz In particular, there are almost no
studies dedicated to synthetic copolymers.'® Nanopore
sequencing is certainly an underexplored option for the
sequencing of non-natural sequence-coded polymers. Indeed,
the molecular structure of synthetic polymers could be adapted
to simplify their readability in pores. Still, it should be remarked
that pore/chain interactions depend on the charge, the stiffness,
and the solution conformation of the polymeric analytes, and
therefore the nanopore technique is probably not suitable for all
types of water-soluble polymers. Besides mass spectrometry
and nanopores, many other analytical techniques could be
considered for the sequencing of sequence-coded polymers.®”
For instance, nonconventional NMR approaches can be used.
In that regard, the tweezer technique recently developed by
Colquhoun and co-workers has a lot of potential.'®*~°° In this
approach, supramolecular reporters, ie., the so-called tweezers,
are used. These molecules can bind specific sequence motifs
and thus increase the readability of NMR signals. This
technique has been so far mostly applied to random
copolymers but could be extended to intentionally coded
synthetic macromolecules.

B SEQUENCE MANIPULATION

Synthetic information-containing macromolecules may also
exhibit properties that are not available in nature. For instance,
the information stored in their chains can be degraded on
demand using a specific trigger. In that regard, synthetic
polymers are probably more versatile than biopolymers because
they can be designed on purpose for exhibiting such a behavior.
Our group has shown in a recent publication that sequence-
encoded oligo(alkoxyamine amide)s can be thermally de-
graded.”” These materials are stable at room temperature, and
digitally encoded information can be stored for long period of
times in standard laboratory conditions. However, because of
the homolysis of the C—ON bonds,'"”” polyalkoxyamines
exhibit a dynamic behavior at elevated temperatures.'® For
example, TEMPO-based sequence-encoded polymers shown in
Figure lc decompose above 60—70 °C. Thermal degradation
was observed in the solid state and in solution. In the latter
case, the thermal degradation can be controlled by adding a
spin-trap that reduces the probability of some degradation
reactions and favor some others.”® As a result, the polymers can
be degraded into a few low-molecular-weight residues. Thus,
temperature can be used as a simple trigger to erase sequence-
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Figure 4. Concept for preservation of a DNA-encoded text in silica spheres. After DNA synthesis, the DNA strands are encapsulated by sol—gel
chemistry. The silica shell can be selectively degraded, and the intact DNA strands are sequenced. Reproduced with permission from ref 115.

Copyright 2015 Wiley-VCH.

encoded information. Comparable behaviors may also be
obtained with other types of stimuli, for example using light-
sensitive polymers. Beyond permanent degradation, more
complex sequence manipulations can be foreseen. For instance,
dynamic polymers introduced by Lehn and co-workers could be
interesting macromolecules for scrambling or rewriting
encoded sequences.'® During the past decades, many examples
of dynamic covalent linkages have been reported in the
literature."' """ These chemistries could be used to build the
backbone of information-containing macromolecules. However,
based on the current state-of-the-art, the idea to rewrite
efficiently sequence information seems very difficult to achieve
without using a template.

B RELEVANCE FOR APPLICATIONS

Synthetic sequence-encoded polymers may open a brand new
range of applications in materials science and nanotechnology.
As mentioned in the Introduction, data storage could be an
obvious application of such polymers. However, as discussed in
a recent publication,® a clear distinction should be made
between data storage and data processing. It is for the moment
very unlikely to imagine molecular memory devices based on
information-containing macromolecules. However, such poly-
mers could be certainly used for storing information for long
period of times in limited volumes. In that regard, synthetic
polymers could be even more interesting than DNA. Indeed,
the half-life time of DNA in bone was measured to be 521
years."'” That explains why intact archeological DNA strands
older than a few million years cannot be found on earth. The
molecular structure of synthetic information-containing poly-
mers could be certainly optimized for long-term storage, for
instance using poorly cleavable polymer backbones. In addition,
similarly to DNA in bone, these polymers could be preserved in
inorganic matrices that protect them from light as well as
thermal and oxidative degradation. In that regard, the recent
concept reported by Grass and co-workers for DNA
preservation in silica (Figure 4) is very interesting and could
be transposed to non-natural sequence-coded macromole-
cules 1137115

The development of molecular barcodes is another potential
area of application for sequence-coded polymers. Anticounter-
feiting technologies have become increasingly important during
the past 15 years in many industrial areas such as
pharmaceutical, cosmetics, food, chemical, and automotive
industry. Labeling technologies are also particularly important
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for the manufacturing and identification of high-value goods
such as luxury products or banknotes. In this context, a broad
spectrum of coded nanomaterials allowing product identifica-
tion have been proposed during the past years.''''~"'® Cheap
synthetic sequence-encoded polymers could be an interesting
option for tagging industrial products. Indeed, oligomer
barcodes could be easily blended, encapsulated, or covalently
linked to organic or inorganic materials.

B SUMMARY AND OUTLOOK

Information-containing macromolecules constitute undoubt-
edly a promising new class of synthetic polymers. Indeed, these
polymers permit to store a message that can be decoded. As
described above, this new property has a real relevance for
applications in nanotechnology and materials science. More-
over, the molecular structure of information-containing
polymers can be varied and adapted to technological develop-
ments. In other words, the thermal, mechanical, and
degradation properties of these polymers can be tuned by
synthesis. In that regard, synthetic information-containing
macromolecules are probably much more versatile than
biopolymers. Still, this field of research is very recent, and
synthetic sequence-coded polymers are far from being as
convenient as artificial DNA. First of all, synthetic polymers
cannot be replicated and amplified as DNA can be. Although
amplification is not strictly required for most of the applications
discussed in this Perspective, it is undoubtedly a very practical
option. Furthermore, the iterative synthesis and sequencing of
oligonucleotides is a highly established area of research. In
comparison, the development of synthetic coded polymers is
still in its infancy. However, the preparation of long encodable/
decodable synthetic polymers is probably only a matter of time
and optimization. As shown in this Perspective, practical routes
for the synthesis of defect-free information-containing polymers
exist. With proper automation and engineering, it is almost
certain that long synthetic sequence-coded polymers can be
attained. Similarly, the sequencing of non-natural polymers is
possible and will be probably become easier and faster in the
near future. In summary, the monomer units of a synthetic
copolymer can be much more than randomly distributed
building blocks leading to globally adjusted properties. Indeed,
they are also the letters of an almost infinite alphabet. This
opens up vertiginous possibilities for the field of polymer
science.
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