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Abstract
The development of metal-free magnetic resonance imaging agents demands precise control
over molecular architecture to achieve optimal performance. Current fluorine-based contrast
agents rely on maximizing fluorine content (> 20 wt%) for sensitivity, requiring extensive
solubilizing groups that lead to signal-diminishing aggregation. Here we show that discrete
brush polymers (Đ = 1.0) with precise backbone lengths and a single terminal fluorine group
achieve superior imaging performance through architectural control rather than high fluorine
content. This design prevents both intra- and intermolecular fluorine aggregation while
maintaining high aqueous solubility, enabling sharper signals and higher sensitivity than
conventional systems despite containing less than 7 wt% fluorine. Systematic investigation
reveals how backbone length controls fluorine mobility and signal generation, establishing clear
structure-property relationships previously obscured by molecular heterogeneity. This work
demonstrates how precise architectural control can enhance functional performance beyond
traditional approaches, providing new strategies for designing imaging materials.

(keywords: discrete polymers, brush polymers, 19F MRI contrast agents, molecular precision,
architectural control, polymer separation)

Introduction

The precise control of macromolecular
architecture represents a fundamental
challenge in polymer science, particularly for
complex non-linear topologies where
molecular heterogeneity obscures
structure-property relationships.1–6 While
nature demonstrates the power of
architectural precision in materials like
aggrecan,7–9 achieving similar control in
synthetic systems has remained elusive.

Recent advances combining controlled
polymerization with library isolation of discrete
polymers using chromatographic separation
(termed CLIP) have enabled access to
discrete structures (Đ = 1.0), providing
unprecedented insights into how molecular
precision governs material performance.10–14

The combination of architectural control and
scalability offered by the CLIP strategy
enables the development of new functional
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materials for applications requiring a high
degree of precision, exemplified by metal-free
magnetic resonance imaging (MRI) contrast
agents where signal quality depends critically
on molecular uniformity.15

Among emerging alternatives to standard
gadolinium-based MRI contrast agents
(CA),16–22 19F MRI CAs present unique
opportunities to study structure-property
relationships due to their sensitivity to the
local environment.23 The 19F nucleus provides
inherent advantages - no background signal,
100% natural abundance, and 1H-comparable
sensitivity - yet optimal performance demands
precise control over fluorine mobility and
dynamics. However, current synthetic
approaches using statistical copolymerization
or post-modification yield heterogeneous
products, obscuring correlations between
molecular structure and imaging performance.
Therefore, semifluorinated polymer-based
MRI CAs present a fundamental design
challenge: achieving the ideal balance of
aqueous solubility and fluorine mobility while
preventing signal-diminishing aggregation
(Scheme 1).

Scheme 1. Design evolution of 19F MRI
contrast agents: heterogeneous
nanoemulsions, statistical semifluorinated

polymers, and discrete polymers with an
optimal balance of aqueous solubility and
signal strength.

Previous studies of polymeric 19F contrast
agents have revealed how molecular design
influences signal optimization/quality, with
most approaches seeking to maximize
fluorine content while maintaining sufficient
hydrophilicity for aqueous solubility. The 19FIT
dendrimer reported by Yu and coworkers,20

combining three -C4F9 groups with four
tetraethylene glycol units, demonstrated how
precise architectural control achieves both
aqueous solubility and strong signal intensity.
This molecularly uniform structure remains
non-aggregating even above its critical
micelle concentration,24 highlighting the
importance of architectural control in
preventing fluorine aggregation. Studies using
ROMP-based materials further established
how backbone rigidity and fluorine content
influence solubility and NMR dynamics -
polymers containing -CF3/-C4F9 side chains
required significant backbone modification for
aqueous solubility yet showed diminished
performance above 40 kDa due to restricted
fluorine mobility from the aggregation of
fluorine blocks and reduced T2 relaxation
times.25 Notably, higher fluorine content does
not necessarily translate to stronger signals -
a dendritic PEG-based polymer with 8 wt%
fluorine outperformed its 14 wt% counterpart
through better hydrophilic-fluorophilic
balance,26 indicating that optimal performance
depends not on maximizing fluorine content,
but rather on precise control of fluorine
mobility through architectural design.27,28

Here we report the synthesis of discrete brush
polymer libraries (Đ = 1.0) that enable
systematic investigation of how molecular
precision influences 19F MRI performance. We
hypothesize that achieving narrow NMR
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half-widths through molecular uniformity
improves signal quality more effectively than
increasing fluorine content. Through
controlled polymerization and precise
chromatographic separation, we obtain
uniform architectures with precise backbone
lengths and a single -C4F9 reporter group
placed at the brush end (Figure 1a). This
design prioritizes molecular precision and
fluorine mobility over fluorine content,

incorporating just nine chemically equivalent
nuclei at the brush terminus while using
discrete oligo(tetraethylene glycol acrylate)
side chains for solubility control. Detailed
characterization of these discrete species
establishes quantitative correlations between
molecular architecture and imaging
performance, demonstrating capabilities
beyond conventional disperse systems.

Figure 1. Synthesis and characterization of discrete brush polymers. (a) Synthetic strategy:
controlled polymerization followed by chromatographic separation (CLIP) yields discrete
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macromonomer TE3 (Đ = 1.0); subsequent grafting-through ROMP with PFP
end-functionalization, post-modification, and separation produces discrete DBFn libraries. (b) 1H
NMR spectra and (c) MALDI-ToF mass spectra confirm the discrete nature of isolated DBFn
with isolated yields shown for each species.

Result and discussion

Synthesis of discrete TEG-based
macromonomer

Our approach to prepare discrete brush
polymers begins with the synthesis of discrete
oligo(tetraethylene glycol) macromonomers
(TEG-MM). A tetraethylene glycol
bromoisobutyrate initiator (TEGBriB, Figure
S2) was first synthesized to maximize
hydrophilic content in the final structure. Using
this initiator, atom transfer radical
polymerization (ATRP) of TEG-acrylate
proceeded with excellent control - the linear
relationship between ln[M0]/[Mt] and reaction
time confirmed the living nature of the
polymerization (first-order kinetics, Figure
S22). achieving over 90% monomer
conversion within 3 h (oTEGn-Br, n ~ 3, Figure
S3-4).

Next, we functionalized oTEG-Br with a
norbornenyl group through DBU-catalyzed
esterification, confirming successful
incorporation by the characteristic cyclic
alkene protons at 6.2 ppm in the 1H NMR
spectrum (Figure S5). Sequential purification
of this product using flash chromatography
(EtOAc/MeOH gradient, Figure S23) followed
by recycling size exclusion chromatography
(rSEC) enabled the isolation (“CLIPping”) of
discrete species in quantitative yield (up to n
= 5). The molecular uniformity of each
macromonomer (TEn) was verified through
multiple analytical techniques - quantitative 1H
NMR integration values and MALDI-ToF mass
spectrometry revealed single molecular
species (e.g., TE3 [M+Na]+ calculated =
961.50, observed = 961.49, Figure S26).

Synthesis of End-functionalized Discrete
Brush Polymers

We synthesized a pentafluorophenyl ROMP
terminating agent (PFPTA) following an
established procedure (see Supporting
Information).29 This symmetric internal olefin
undergoes deactivating metathesis with living
ruthenium centers, introducing PFP end
groups that offer distinct advantages over the
traditional ethyl vinyl ether termination. The
resulting activated ester exhibits high
reactivity toward primary amines,30 providing a
versatile synthesis handle for introducing
-C4F9 groups into our brush polymers.

To access discrete fluorinated MRI contrast
agents (DBP-TE3n-C4F9, termed DBFn), we
combined grafting-through ROMP with
sequential end-group modifications
(nucleophilic substitution of PFP- with
nonafluoro t-butyl groups (-C4F9), and
precision fractionation (Figure 1a). ROMP of
discrete TE3 macromonomer yielded a
precision brush structure (PBP-TE35-PFP)
with an average NBB of ~5 (Mn = 4.5 kDa),
confirmed by SEC and NMR analysis. The 19F
NMR signal at -152 to -162 ppm verified PFP
end-group incorporation, while the integration
of the methylene proton (‘e’ ~4 ppm) in 1H
NMR confirmed quantitative end-group
functionalization (Figure S11). MALDI-ToF
analysis appears to show a small quantity of α
& ω PFP-functionalized species (< 10%),
presumably due to secondary metathesis of
the α (phenyl) chain end with an excess
terminating agent during extended reaction
times.31–33

Conversion from PBP-TE35-PFP to
PBP-TE35-C4F9 (PBF5) proceeded through
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PFP-ester chemistry with a synthesized
3-(nonafluoro-tert-butoxy)propylamine (see
Supporting Information).29,34,35 Complete
substitution was confirmed by 19F NMR,
where the PFP signals (-152 to -162 ppm)
disappeared entirely while a single new signal
appeared at -69 ppm, characteristic of the
C4F9 moiety (Figure S13). MALDI-ToF
analysis further verified this transformation
through a mass shift of +109 amu, consistent
with PFP to -C4F9 conversion.

Building on our previous work,10 we then
isolated discrete C4F9-terminated brush
polymer libraries (up to DBF7) using recycling
preparative SEC, guided by clear
identification of individual species in the SEC
trace of the parent PBF5. This separation
yielded discrete products with up to 20%
isolated yield for DBF5. Comprehensive
characterization of these libraries through
NMR, SEC, MALDI-ToF, and FTIR analysis
(Figure 1, S15-21, 30-32) confirmed their
discrete nature and purity. The 1H NMR
spectra showed systematic changes with
increasing NBB - normalizing to the chain-end
methylene peak (“a”, 2.4 ppm), we observed
quantitative increases in signals from the
monomethyl group (“b”, 3.3 ppm) and
sidechain methine (“c”, 4.9 ppm) (Figure
S15-21). These near-ideal integration values
demonstrate the uniform architecture of
isolated DBFn species.

MALDI-ToF mass spectrometry further
confirmed the discrete nature of these
materials, showing single peaks separated by
938 a.m.u. (the mass of one repeating unit).
For DBF5, we observed an excellent
agreement between calculated and found
masses ([M + Na]+calcd= 5196.66, and [M +
Na]+found= 5197.49, Figure 1c). FTIR
spectroscopy revealed alternating patterns in
the amide stretching region (1660-1700 cm-1),

where odd-numbered species (NBB = 3, 5, 7)
show stronger free amide bands (1690 cm-1)
while even-numbered species (NBB = 2, 4, 6)
exhibit stronger hydrogen-bonded amide
signatures at 1675 cm-1 (Figure S32). This
systematic variation in -C4F9 environments
correlates with backbone length and
manifests in distinct 19F NMR behavior,
demonstrating direct links between molecular
architecture and imaging performance.

Structure-19F NMR Relationships in
Discrete Brush Architecture
The clear solution of PBF5 in PBS/D2O (9/1
v/v) demonstrates that discrete TE3 side
chains effectively solubilize both the
norbornenyl backbone and the terminal -C4F9

group. At a fluorine concentration of 9.5 mM
(5 mg/mL), the 19F NMR shows sharp signals
(𝜈1/2 = 57 Hz) and high signal-to-noise ratio
(620). Relaxation time measurements of
PBF5 reveal favorable T1 (spin-lattice, 560
ms) and T2 (spin-spin, 211 ms) values, while
19F diffusion NMR indicates a hydrodynamic
size of 5.5 nm, confirming monomeric
behavior in solution (Figure S36). The
combination of narrow linewidth and favorable
T2 relaxation demonstrates effective
prevention of fluorine aggregation through our
molecular design. However, this system
achieves precision only in the side chains -
our next goal was to extend this architectural
control to the backbone to further enhance
NMR performance.

Our investigation of backbone length effects
on 19F NMR performance revealed systematic
trends in aqueous solutions (5 mg/mL) of
discrete DBFn (n = 2 to 7). By normalizing
SNR values against fluorine concentration, we
found that DBF5 achieves optimal efficiency
with an SNR/[F] value of 110 (Figure 2b).
This peak in performance at NBB = 5 suggests
an ideal balance between aqueous solubility
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and fluorine mobility. The importance of
architectural precision becomes evident when
comparing DBFn (n > 2) discrete structures to
their disperse counterpart - both absolute
SNR and normalized SNR/[F] values
consistently exceed those of PBF5 (Table 1).
This observation reveals a fundamental

design principle: preventing fluorine
aggregation through molecular architecture
proves more effective than maximizing
fluorine content. Our design achieves this
through two mechanisms: the single -C4F9

group eliminates intramolecular fluorine
clustering, while the brush structure sterically
hinders intermolecular aggregation.

Figure 2. Molecular precision enables high 19F NMR performance. (a) 19F NMR spectra of
disperse backbone PBF5 and fully discrete DBFn libraries in PBS/D2O (9/1 v/v, 5 mg/mL), with
corresponding solution images showing excellent aqueous solubility. (b) Signal efficiency
(SNR/[F]) versus backbone length shows optimal performance at NBB = 5, demonstrating
superior performance of discrete architectures compared to disperse analogs. (c) Linewidth
analysis versus fluorine content reveals how our brush design achieves sharp signals (41 Hz)
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despite low fluorine content (3.3 wt%), outperforming conventional high-fluorine materials by
preventing fluorine aggregation.

Table 1. 19F Brush polymer-based contrast agents investigated in this study

a) PB - precision brush with discrete sidechain and disperse backbone, DB - discrete brush polymer with
discrete sidechain and backbone. The number represents the backbone length. All data were collected at
a polymer concentration of 5 mg/mL in PBS/D2O (9/1, v/v).
b) Determined from MALDI-ToF experiment
c)Measured using SEC
d)Measured by DLS, size from volume distribution is reported
Dh was measured using 19F DOSY NMR. F wt% was calculated by F wt% = mass of 9 fluorine atoms,
171/Mn x 100%. SNR of 19F spectra was estimated using the analysis on Bruker Topspin. LCST was
determined using DLS

The 19F NMR chemical shift of DBFn provides
molecular-level evidence for how backbone
architecture influences fluorine environments.
As NBB increases from 2 to 7, the chemical
shift moves downfield from -70.51 to -69.96
ppm, as 19F resonances are known to be
highly sensitive to their local
environment.23,24,36 Analysis of these shifts
reveals a critical transition point between NBB
= 4 and 5 (Figure S33): below this point, each
addition of backbone repeat unit causes
significant chemical shift, while above it, the
changes become negligible. This transition at
NBB = 5 coincides with optimal performance37

and indicates that additional TE3 side chains
beyond this length will not significantly affect
the C4F9 environment. These chemical shift

data directly support our design principle - the
structural precision of the backbone can affect
fluorine environments and improve 19F NMR
signal quality.

SNR analysis across the DBFn series reveals
how backbone length affects signal quality.
With the exception of DBF2, which shows
reduced SNR (175) due to aggregation at the
measurement temperature (near its LCST,
see below), we observe a systematic trend in
performance. As expected, the SNR values
decrease from 1080 to 550 as NBB increases
from 3 to 7, reflecting the lower fluorine
content at constant weight concentration (5
mg/mL). Specifically, NBB = 3 to 7 show SNR
values that decrease systematically from

7

Samplea
Đb

Mn
b

(kDa)
Dh

(nm) F wt%
[F]
(mM)

NMR
SNR

SNR
/[F]

𝜈1/2
(Hz)

LCST
(ºC)

PBF5 1.07c 4.7c 5.5 3.6 9.5 620 65 57 39

DBF2 1.00 2.4 7.4d 7.2 19 175 9 43 26

DBF3 1.00 3.3 4.1d 5.2 13.6 1080 79 32 33

DBF4 1.00 4.2 5.9 4.0 10.6 940 89 42 37

DBF5 1.00 5.2 6.1 3.3 8.7 960 110 41 39

DBF6 1.00 6.1 6.1 2.8 7.4 670 91 56 39

DBF7 1.00 7.1 6.1 2.4 6.4 550 86 68 40
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1080 to 550, corresponding to fluorine content
reduction from ~5 wt% to ~2 wt% (Table 1,
Figure S34a). The case of DBF2 underscores
a critical design requirement: adequate
aqueous solubility must precede optimization
of fluorine content. Indeed, lower fluorine
content often enables better performance by
ensuring molecular dissolution and preventing
aggregation.26

To understand molecular mobility in these
systems, we measured T1 (spin-lattice) and T2

(spin-spin) relaxation times at 11.7 T. All
samples exhibit relatively short T1 values
(~550 ms), advantageous for rapid signal
acquisition in vivo, with minimal dependence
on backbone length. Specifically, DBFn
shows T1 values of 545, 546, and 550 ms for
NBB = 3, 5, and 7 respectively (Table S1). The
parent material PBF5 exhibits a slightly longer
T1 (560 ms), suggesting the importance of
architectural precision for decreasing
relaxation time. For T2 relaxation, which
reflects the segmental mobility of fluorine
groups, we observe a systematic
improvement with increasing backbone length
- from 160 to 210 to 222 ms as NBB increases
from 3 to 7 (a longer T2 is desirable for
improved imaging, Table S1). This trend
supports another design principle: lower
fluorine content in longer structures reduces
the probability of aggregation,38 known to
restrict molecular motion and shorten T2.39,40

Notably, DBF5 and PBF5 show similar T2

values (~210 ms), indicating that backbone
dispersity primarily influences T1 processes
while maintaining favorable fluorine mobility.
These relaxation parameters, combined with
our sharp line widths, translate directly to
high-quality MR images.

As mentioned above, the thermo-responsive
behavior of DBFn exhibits systematic
dependence on backbone architecture.
Dynamic light scattering shows distinct

transitions in hydrodynamic diameter (Dh) as
solutions approach their LCST (Figure S40a).
At 5 mg/mL, LCST values increase with
backbone length, from 26 ºC for DBF2 to 40
ºC for DBF7 (Figure 3), consistent with the
established behavior of ethylene glycol-based
polymers.41–44 The transitions also show a
concentration dependence45 - DBF6 exhibits
an LCST increase from 39 ºC to 45 ºC when
concentration decreases from 5 to 2.5 mg/mL
(Figure S40c), a feature particularly relevant
near body temperature (37 ºC). At elevated
temperatures, all samples undergo a second
transition, forming large aggregates (>10 µm)
through liquid-liquid phase transition. These
coacervation temperatures occur between
49–66°C across the series (NBB = 2 to 7), with
no clear dependence on backbone length.
The PBS salt-environment likely promotes this
behavior by inducing dehydration, favoring
intermolecular associations over
polymer-solvent interactions.46–48 PBF5 shows
similar coacervation at 66°C but exhibits rapid
aggregate collapse at 68°C, suggesting that
molecular dispersity affects coacervation
stability.

Figure 3. LCST behavior reveals systematic
control through backbone architecture. LCST
values of discrete DBFn in PBS/D2O solution
(5 mg/mL) increase with backbone length (NBB
= 2 to 7) until plateauing above NBB = 5. The
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disperse analog PBF5 (open circle) shows
comparable behavior to its discrete
counterparts. The dotted line indicates body
temperature, highlighting the biological
relevance of these transitions.

To validate our molecular design at clinically
relevant conditions, we performed MRI
measurements using a 3T scanner,
comparing discrete DBFn (n = 3, 5, 7) with
disperse PFB5 in PBS. At 5 mg/mL, DBF3
and DBF5 show the highest 19F MRI image
intensity (I19F), while DBF7 and PBF5 exhibit
weaker signals (Figure 4a). The reduced
performance of PBF5 reflects its molecular
heterogeneity, where longer chains with lower
fluorine content diminish overall signal
intensity. Signal strength increases with
concentration for all samples but deviates
from linearity at 10 mg/mL (Figure 4b), likely
due to concentration-dependent LCST effects
leading to increased aggregation of fluorine
nuclei. Notably, all materials produce
detectable signals even at 2.5 mg/mL - a
significant improvement over previous reports
that typically require higher concentrations.
These results demonstrate that precise
molecular architecture enables effective
imaging at low concentrations even with lower
field strengths, potentially reducing the
amount of contrast agent needed for imaging
applications and toxicity risks.

Figure 4. Discrete architecture enables
efficient MRI contrast at clinically relevant field
strength (3T) and concentrations. (a) 19F MR
images of PBF5 and DBFn (n = 3, 5, 7) in
PBS/D2O at 5 mg/mL. (b) Image intensity
versus concentration shows high sensitivity
down to 2.5 mg/mL, with optimal performance
seen for DBF3 and DBF5.

The biological compatibility of these contrast
agents determines their practical utility. We
evaluated cytotoxicity by exposing A549 lung
cancer cells to the disperse PBF5 and
discrete DBF5 at concentrations ranging from
6.25 to 600 μg/mL for 48 hours at 37 °C and
5% CO2. Cell viability measurements using
CTG assay with a serum-free medium control
reveal a clear distinction between disperse
and discrete architectures at high
concentrations. DBF5 maintains complete cell
viability (> 99%) across all tested
concentrations, while PBF5 shows significant
toxicity above 300 μg/mL, dropping to ~50%
viability at 600 μg/mL (Figure 5). This high
non-cytotoxicity of the discrete architecture,
combined with its efficient imaging
performance at low concentrations (2.5-5
mg/mL), suggests DBF5 as a promising
candidate for clinical studies. The superior
biological tolerance of DBF5 likely stems from
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its uniform structure, which prevents
unexpected interactions that could arise from
the heterogeneity in disperse systems (i.e.,
containing species with LCST < 37 °C).

Figure 5. Comparison of cell viability between
discrete (DBF5) and disperse (PBF5)
architectures. A549 cells were exposed to
increasing polymer concentrations (0-600
μg/mL) for 48 h, showing a superior
non-cytotoxic nature of the discrete brush
polymer sample at high concentrations. Error
bars represent the standard deviation from
five independent experiments.

Conclusion

We report discrete brush polymers that
establish new design principles for 19F MRI
contrast agents. While conventional
approaches rely on maximizing fluorine
content (up to 20 wt%), architectural precision
enables superior performance with minimal
fluorine incorporation. Through controlled
synthesis and chromatographic separation,
we access uniform structures with discrete
backbone lengths and a single -C4F9 group (<
7 wt%). This design prevents fluorine
aggregation through two mechanisms: the
isolated -C4F9 terminus eliminates
intramolecular clustering, while the branched
architecture and high aqueous solubility
prevent intermolecular association. Our

scalable synthesis strategy yields discrete
architectures that eliminate batch-to-batch
variability, ensuring reproducible properties.
These materials demonstrate exceptional
performance - sharp linewidth, high SNR,
favorable relaxation times, and strong MR
contrast at 3T. Systematic variation of
backbone length reveals optimal performance
at NBB = 5, achieving efficient imaging even at
low concentrations (2.5 mg/mL) while
maintaining excellent non-cytotoxicity. This
work establishes that molecular precision,
rather than fluorine content, determines
contrast agent effectiveness - a principle that
transforms the design of polymer-based
imaging materials.

ASSOCIATED CONTENT

Supporting Information
The Supporting Information is available on the
ChemRxiv server.

Experimental procedures and characterization
data (NMR, MALDI-ToF, SEC, FTIR, DLS) for
all samples (PDF)

AUTHOR INFORMATION

Corresponding Author
Jimmy Lawrence — Department of Chemical
Engineering, Louisiana State University,
Baton Rouge, 70803, United States;
https://orcid.org/0000-0003-4455-6177; Email:
jimmylawrence@lsu.edu

The manuscript was written through the
contributions of all authors. All authors have
given approval to the final version of the
manuscript. The authors declare no
competing financial interest.

Acknowledgment

Research reported in this publication was
supported by the National Institute of General
Medical Sciences of the National Institutes of

10

https://doi.org/10.26434/chemrxiv-2024-g62vk ORCID: https://orcid.org/0000-0003-4455-6177 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://orcid.org/0000-0003-4455-6177
mailto:jimmylawrence@lsu.edu
https://doi.org/10.26434/chemrxiv-2024-g62vk
https://orcid.org/0000-0003-4455-6177
https://creativecommons.org/licenses/by-nc-nd/4.0/


Health under award number R35GM151217
and the National Science Foundation
CAREER Award 2340664. The content is
solely the responsibility of the authors and
does not necessarily represent the official
views of the National Institutes of Health or
the National Science Foundation.

References

(1) Ogbonna, N. D.; Dearman, M.; Bharti,
B.; Peters, A. J.; Lawrence, J. Elucidating the
Impact of Side Chain Dispersity on the
Assembly of Bottlebrush Polymers at the
Air‐water Interface. J. Polym. Sci. 2021, 59
(21), 2458–2467.
(2) Chen, C.; Wunderlich, K.; Mukherji, D.;
Koynov, K.; Heck, A. J.; Raabe, M.; Barz, M.;
Fytas, G.; Kremer, K.; Ng, D. Y. W.; Weil, T.
Precision Anisotropic Brush Polymers by
Sequence Controlled Chemistry. J. Am.
Chem. Soc. 2020, 142 (3), 1332–1340.
(3) Shamout, F.; Monaco, A.; Yilmaz, G.;
Becer, C. R.; Hartmann, L. Synthesis of
Brush-like Glycopolymers with Monodisperse,
Sequence-Defined Side Chains and Their
Interactions with Plant and Animal Lectins.
Macromol. Rapid Commun. 2020, 41 (1),
e1900459.
(4) Nguyen, H. V.-T.; Jiang, Y.; Mohapatra,
S.; Wang, W.; Barnes, J. C.; Oldenhuis, N. J.;
Chen, K. K.; Axelrod, S.; Huang, Z.; Chen, Q.;
Golder, M. R.; Young, K.; Suvlu, D.; Shen, Y.;
Willard, A. P.; Hore, M. J. A.;
Gómez-Bombarelli, R.; Johnson, J. A.
Bottlebrush Polymers with Flexible
Enantiomeric Side Chains Display Differential
Biological Properties. Nat. Chem. 2022, 14
(1), 85–93.
(5) Benedetti, F. M.; Wu, Y.-C. M.; Lin, S.;
He, Y.; Flear, E.; Storme, K. R.; Liu, C.; Zhao,
Y.; Swager, T. M.; Smith, Z. P. Side-Chain
Length and Dispersity in ROMP Polymers
with Pore-Generating Side Chains for Gas
Separations. JACS Au 2022, 2 (7),
1610–1615.
(6) Pavón, C.; Ongaro, A.; Filipucci, I.;
Ramakrishna, S. N.; Mattarei, A.; Isa, L.; Klok,
H.-A.; Lorandi, F.; Benetti, E. M. The

Structural Dispersity of Oligoethylene
Glycol-Containing Polymer Brushes
Determines Their Interfacial Properties. J.
Am. Chem. Soc. 2024, 146 (24),
16912–16919.
(7) Kiani, C.; Chen, L.; Wu, Y. J.; Yee, A.
J.; Yang, B. B. Structure and Function of
Aggrecan. Cell Res. 2002, 12 (1), 19–32.
(8) Seror, J.; Merkher, Y.; Kampf, N.;
Collinson, L.; Day, A. J.; Maroudas, A.; Klein,
J. Articular Cartilage Proteoglycans as
Boundary Lubricants: Structure and Frictional
Interaction of Surface-Attached Hyaluronan
and Hyaluronan--Aggrecan Complexes.
Biomacromolecules 2011, 12 (10),
3432–3443.
(9) Iozzo, R. V.; Schaefer, L. Proteoglycan
Form and Function: A Comprehensive
Nomenclature of Proteoglycans. Matrix Biol.
2015, 42, 11–55.
(10) Ogbonna, N. D.; Dearman, M.; Cho,
C.-T.; Bharti, B.; Peters, A. J.; Lawrence, J.
Topologically Precise and Discrete
Bottlebrush Polymers: Synthesis,
Characterization, and Structure-Property
Relationships. JACS Au 2022, 2 (4), 898–905.
(11) Lawrence, J.; Lee, S.-H.; Abdilla, A.;
Nothling, M. D.; Ren, J. M.; Knight, A. S.;
Fleischmann, C.; Li, Y.; Abrams, A. S.;
Schmidt, B. V. K. J.; Hawker, M. C.; Connal,
L. A.; McGrath, A. J.; Clark, P. G.; Gutekunst,
W. R.; Hawker, C. J. A Versatile and Scalable
Strategy to Discrete Oligomers. J. Am. Chem.
Soc. 2016, 138 (19), 6306–6310.
(12) Chen, J.; Bhat, V.; Hawker, C. J.
High-Throughput Synthesis, Purification, and
Application of Alkyne-Functionalized Discrete
Oligomers. J. Am. Chem. Soc. 2024, 146
(12), 8650–8658.
(13) Park, S.; Cho, D.; Ryu, J.; Kwon, K.;
Lee, W.; Chang, T. Fractionation of Block
Copolymers Prepared by Anionic
Polymerization into Fractions Exhibiting Three
Different Morphologies. Macromolecules
2002, 35 (15), 5974–5979.
(14) Haven, J. J.; De Neve, J.; Castro
Villavicencio, A.; Junkers, T. Elucidation of the
Properties of Discrete Oligo(meth)acrylates.
Polym. Chem. 2019, 10 (48), 6540–6544.
(15) Zhang, C.; Kim, D. S.; Lawrence, J.;
Hawker, C. J.; Whittaker, A. K. Elucidating the

11

https://doi.org/10.26434/chemrxiv-2024-g62vk ORCID: https://orcid.org/0000-0003-4455-6177 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

http://paperpile.com/b/G7cfIB/lnZjz
http://paperpile.com/b/G7cfIB/lnZjz
http://paperpile.com/b/G7cfIB/lnZjz
http://paperpile.com/b/G7cfIB/lnZjz
http://paperpile.com/b/G7cfIB/lnZjz
http://paperpile.com/b/G7cfIB/lnZjz
http://paperpile.com/b/G7cfIB/3S2I
http://paperpile.com/b/G7cfIB/3S2I
http://paperpile.com/b/G7cfIB/3S2I
http://paperpile.com/b/G7cfIB/3S2I
http://paperpile.com/b/G7cfIB/3S2I
http://paperpile.com/b/G7cfIB/3S2I
http://paperpile.com/b/G7cfIB/q8khZ
http://paperpile.com/b/G7cfIB/q8khZ
http://paperpile.com/b/G7cfIB/q8khZ
http://paperpile.com/b/G7cfIB/q8khZ
http://paperpile.com/b/G7cfIB/q8khZ
http://paperpile.com/b/G7cfIB/q8khZ
http://paperpile.com/b/G7cfIB/q8khZ
http://paperpile.com/b/G7cfIB/VllmK
http://paperpile.com/b/G7cfIB/VllmK
http://paperpile.com/b/G7cfIB/VllmK
http://paperpile.com/b/G7cfIB/VllmK
http://paperpile.com/b/G7cfIB/VllmK
http://paperpile.com/b/G7cfIB/VllmK
http://paperpile.com/b/G7cfIB/VllmK
http://paperpile.com/b/G7cfIB/VllmK
http://paperpile.com/b/G7cfIB/VllmK
http://paperpile.com/b/G7cfIB/VllmK
http://paperpile.com/b/G7cfIB/iiYY
http://paperpile.com/b/G7cfIB/iiYY
http://paperpile.com/b/G7cfIB/iiYY
http://paperpile.com/b/G7cfIB/iiYY
http://paperpile.com/b/G7cfIB/iiYY
http://paperpile.com/b/G7cfIB/iiYY
http://paperpile.com/b/G7cfIB/iiYY
http://paperpile.com/b/G7cfIB/rQe0
http://paperpile.com/b/G7cfIB/rQe0
http://paperpile.com/b/G7cfIB/rQe0
http://paperpile.com/b/G7cfIB/rQe0
http://paperpile.com/b/G7cfIB/rQe0
http://paperpile.com/b/G7cfIB/rQe0
http://paperpile.com/b/G7cfIB/rQe0
http://paperpile.com/b/G7cfIB/rQe0
http://paperpile.com/b/G7cfIB/zHwm
http://paperpile.com/b/G7cfIB/zHwm
http://paperpile.com/b/G7cfIB/zHwm
http://paperpile.com/b/G7cfIB/yGO3
http://paperpile.com/b/G7cfIB/yGO3
http://paperpile.com/b/G7cfIB/yGO3
http://paperpile.com/b/G7cfIB/yGO3
http://paperpile.com/b/G7cfIB/yGO3
http://paperpile.com/b/G7cfIB/yGO3
http://paperpile.com/b/G7cfIB/yGO3
http://paperpile.com/b/G7cfIB/yGO3
http://paperpile.com/b/G7cfIB/bjWF
http://paperpile.com/b/G7cfIB/bjWF
http://paperpile.com/b/G7cfIB/bjWF
http://paperpile.com/b/G7cfIB/bjWF
http://paperpile.com/b/G7cfIB/G0kRl
http://paperpile.com/b/G7cfIB/G0kRl
http://paperpile.com/b/G7cfIB/G0kRl
http://paperpile.com/b/G7cfIB/G0kRl
http://paperpile.com/b/G7cfIB/G0kRl
http://paperpile.com/b/G7cfIB/G0kRl
http://paperpile.com/b/G7cfIB/jGsF
http://paperpile.com/b/G7cfIB/jGsF
http://paperpile.com/b/G7cfIB/jGsF
http://paperpile.com/b/G7cfIB/jGsF
http://paperpile.com/b/G7cfIB/jGsF
http://paperpile.com/b/G7cfIB/jGsF
http://paperpile.com/b/G7cfIB/jGsF
http://paperpile.com/b/G7cfIB/jGsF
http://paperpile.com/b/G7cfIB/Jddm
http://paperpile.com/b/G7cfIB/Jddm
http://paperpile.com/b/G7cfIB/Jddm
http://paperpile.com/b/G7cfIB/Jddm
http://paperpile.com/b/G7cfIB/Jddm
http://paperpile.com/b/G7cfIB/EpS2
http://paperpile.com/b/G7cfIB/EpS2
http://paperpile.com/b/G7cfIB/EpS2
http://paperpile.com/b/G7cfIB/EpS2
http://paperpile.com/b/G7cfIB/EpS2
http://paperpile.com/b/G7cfIB/EpS2
http://paperpile.com/b/G7cfIB/1MiQ
http://paperpile.com/b/G7cfIB/1MiQ
http://paperpile.com/b/G7cfIB/1MiQ
http://paperpile.com/b/G7cfIB/1MiQ
http://paperpile.com/b/G7cfIB/SBsAd
http://paperpile.com/b/G7cfIB/SBsAd
https://doi.org/10.26434/chemrxiv-2024-g62vk
https://orcid.org/0000-0003-4455-6177
https://creativecommons.org/licenses/by-nc-nd/4.0/


Impact of Molecular Structure on the 19F
NMR Dynamics and MRI Performance of
Fluorinated Oligomers. ACS Macro Lett.
2018, 7 (8), 921–926.
(16) Fu, S.; Cai, Z.; Liu, L.; Fu, X.; Xia, C.;
Lui, S.; Gong, Q.; Song, B.; Ai, H. PEGylated
Amphiphilic Gd-DOTA Backboned-Bound
Branched Polymers as Magnetic Resonance
Imaging Contrast Agents. Biomacromolecules
2023.
https://doi.org/10.1021/acs.biomac.3c00987.
(17) McDonald, R. J.; McDonald, J. S.;
Kallmes, D. F.; Jentoft, M. E.; Paolini, M. A.;
Murray, D. L.; Williamson, E. E.; Eckel, L. J.
Gadolinium Deposition in Human Brain
Tissues after Contrast-Enhanced MR Imaging
in Adult Patients without Intracranial
Abnormalities. Radiology 2017, 285 (2),
546–554.
(18) McDonald, R. J.; McDonald, J. S.; Dai,
D.; Schroeder, D.; Jentoft, M. E.; Murray, D.
L.; Kadirvel, R.; Eckel, L. J.; Kallmes, D. F.
Comparison of Gadolinium Concentrations
within Multiple Rat Organs after Intravenous
Administration of Linear versus Macrocyclic
Gadolinium Chelates. Radiology 2017, 285
(2), 536–545.
(19) Du, W.; Nyström, A. M.; Zhang, L.;
Powell, K. T.; Li, Y.; Cheng, C.; Wickline, S.
A.; Wooley, K. L. Amphiphilic Hyperbranched
Fluoropolymers as Nanoscopic 19F Magnetic
Resonance Imaging Agent Assemblies.
Biomacromolecules 2008, 9 (10), 2826–2833.
(20) Jiang, Z.-X.; Liu, X.; Jeong, E.-K.; Yu,
Y. B. Symmetry-Guided Design and Fluorous
Synthesis of a Stable and Rapidly Excreted
Imaging Tracer for19F MRI. Angewandte
Chemie International Edition. 2009, pp
4755–4758.
https://doi.org/10.1002/anie.200901005.
(21) Zhou, L.; Triozzi, A.; Figueiredo, M.;
Emrick, T. Fluorinated Polymer Zwitterions:
Choline Phosphates and Phosphorylcholines.
ACS Macro Lett. 2021, 10 (10), 1204–1209.
(22) Sowers, M. A.; McCombs, J. R.;
Wang, Y.; Paletta, J. T.; Morton, S. W.;
Dreaden, E. C.; Boska, M. D.; Ottaviani, M. F.;
Hammond, P. T.; Rajca, A.; Johnson, J. A.
Redox-Responsive Branched-Bottlebrush
Polymers for in Vivo MRI and Fluorescence
Imaging. Nat. Commun. 2014, 5, 5460.

(23) Evans, D. F. 400. The Determination
of the Paramagnetic Susceptibility of
Substances in Solution by Nuclear Magnetic
Resonance. J. Chem. Soc. 1959, 2003.
(24) Taraban, M. B.; Yu, L.; Feng, Y.;
Jouravleva, E. V.; Anisimov, M. A.; Jiang,
Z.-X.; Bruce Yu, Y. Conformational Transition
of a Non-Associative Fluorinated Amphiphile
in Aqueous Solution. RSC Adv. 2014, 4 (97),
54565–54575.
(25) Tennie, I. K.; Kilbinger, A. F. M.
Polymeric 19F MRI Contrast Agents Prepared
by Ring-Opening Metathesis
Polymerization/Dihydroxylation.
Macromolecules 2020, 53 (23), 10386–10396.
(26) Bo, S.; Song, C.; Li, Y.; Yu, W.; Chen,
S.; Zhou, X.; Yang, Z.; Zheng, X.; Jiang, Z.-X.
Design and Synthesis of Fluorinated
Amphiphile as (19)F MRI/Fluorescence
Dual-Imaging Agent by Tuning the
Self-Assembly. J. Org. Chem. 2015, 80 (12),
6360–6366.
(27) Zalewski, M.; Janasik, D.; Kapała, A.;
Minoshima, M.; Sugihara, F.; Raj, W.;
Pietrasik, J.; Kikuchi, K.; Krawczyk, T.
PH‐sensitive Polymethacrylates as Potential
Contrast Agents in 19 F MRI. Macromol.
Chem. Phys. 2022, 223 (14), 2200027.
(28) Wang, Y.; Tan, X.; Usman, A.; Zhang,
Y.; Sawczyk, M.; Král, P.; Zhang, C.;
Whittaker, A. K. Elucidating the Impact of
Hydrophilic Segments on 19F MRI Sensitivity
of Fluorinated Block Copolymers. ACS Macro
Lett. 2022, 11 (10), 1195–1201.
(29) Madkour, A. E.; Koch, A. H. R.;
Lienkamp, K.; Tew, G. N. End-Functionalized
ROMP Polymers for Biomedical Applications.
Macromolecules 2010, 43 (10), 4557–4561.
(30) Arnold, R. M.; Sheppard, G. R.;
Locklin, J. Comparative Aminolysis Kinetics of
Different Active Ester Polymer Brush
Platforms in Postpolymerization Modification
with Primary and Aromatic Amines.
Macromolecules 2012, 45 (13), 5444–5450.
(31) Bielawski, C. W.; Benitez, D.; Morita,
T.; Grubbs, R. H. Synthesis of
End-Functionalized Poly(norbornene)s via
Ring-Opening Metathesis Polymerization.
Macromolecules 2001, 34 (25), 8610–8618.
(32) Morita, T.; Maughon, B. R.; Bielawski,
C. W.; Grubbs, R. H. A Ring-Opening

12

https://doi.org/10.26434/chemrxiv-2024-g62vk ORCID: https://orcid.org/0000-0003-4455-6177 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

http://paperpile.com/b/G7cfIB/SBsAd
http://paperpile.com/b/G7cfIB/SBsAd
http://paperpile.com/b/G7cfIB/SBsAd
http://paperpile.com/b/G7cfIB/SBsAd
http://paperpile.com/b/G7cfIB/b1QY
http://paperpile.com/b/G7cfIB/b1QY
http://paperpile.com/b/G7cfIB/b1QY
http://paperpile.com/b/G7cfIB/b1QY
http://paperpile.com/b/G7cfIB/b1QY
http://paperpile.com/b/G7cfIB/b1QY
http://paperpile.com/b/G7cfIB/b1QY
http://dx.doi.org/10.1021/acs.biomac.3c00987
http://paperpile.com/b/G7cfIB/b1QY
http://paperpile.com/b/G7cfIB/1RfWU
http://paperpile.com/b/G7cfIB/1RfWU
http://paperpile.com/b/G7cfIB/1RfWU
http://paperpile.com/b/G7cfIB/1RfWU
http://paperpile.com/b/G7cfIB/1RfWU
http://paperpile.com/b/G7cfIB/1RfWU
http://paperpile.com/b/G7cfIB/1RfWU
http://paperpile.com/b/G7cfIB/1RfWU
http://paperpile.com/b/G7cfIB/goGGb
http://paperpile.com/b/G7cfIB/goGGb
http://paperpile.com/b/G7cfIB/goGGb
http://paperpile.com/b/G7cfIB/goGGb
http://paperpile.com/b/G7cfIB/goGGb
http://paperpile.com/b/G7cfIB/goGGb
http://paperpile.com/b/G7cfIB/goGGb
http://paperpile.com/b/G7cfIB/goGGb
http://paperpile.com/b/G7cfIB/l8tEN
http://paperpile.com/b/G7cfIB/l8tEN
http://paperpile.com/b/G7cfIB/l8tEN
http://paperpile.com/b/G7cfIB/l8tEN
http://paperpile.com/b/G7cfIB/l8tEN
http://paperpile.com/b/G7cfIB/l8tEN
http://paperpile.com/b/G7cfIB/hLrvn
http://paperpile.com/b/G7cfIB/hLrvn
http://paperpile.com/b/G7cfIB/hLrvn
http://paperpile.com/b/G7cfIB/hLrvn
http://paperpile.com/b/G7cfIB/hLrvn
http://paperpile.com/b/G7cfIB/hLrvn
http://paperpile.com/b/G7cfIB/hLrvn
http://dx.doi.org/10.1002/anie.200901005
http://paperpile.com/b/G7cfIB/hLrvn
http://paperpile.com/b/G7cfIB/KDLB
http://paperpile.com/b/G7cfIB/KDLB
http://paperpile.com/b/G7cfIB/KDLB
http://paperpile.com/b/G7cfIB/KDLB
http://paperpile.com/b/G7cfIB/sr3C
http://paperpile.com/b/G7cfIB/sr3C
http://paperpile.com/b/G7cfIB/sr3C
http://paperpile.com/b/G7cfIB/sr3C
http://paperpile.com/b/G7cfIB/sr3C
http://paperpile.com/b/G7cfIB/sr3C
http://paperpile.com/b/G7cfIB/sr3C
http://paperpile.com/b/G7cfIB/5IHK
http://paperpile.com/b/G7cfIB/5IHK
http://paperpile.com/b/G7cfIB/5IHK
http://paperpile.com/b/G7cfIB/5IHK
http://paperpile.com/b/G7cfIB/8MW3
http://paperpile.com/b/G7cfIB/8MW3
http://paperpile.com/b/G7cfIB/8MW3
http://paperpile.com/b/G7cfIB/8MW3
http://paperpile.com/b/G7cfIB/8MW3
http://paperpile.com/b/G7cfIB/8MW3
http://paperpile.com/b/G7cfIB/Xz1WQ
http://paperpile.com/b/G7cfIB/Xz1WQ
http://paperpile.com/b/G7cfIB/Xz1WQ
http://paperpile.com/b/G7cfIB/Xz1WQ
http://paperpile.com/b/G7cfIB/Xz1WQ
http://paperpile.com/b/G7cfIB/G7qb
http://paperpile.com/b/G7cfIB/G7qb
http://paperpile.com/b/G7cfIB/G7qb
http://paperpile.com/b/G7cfIB/G7qb
http://paperpile.com/b/G7cfIB/G7qb
http://paperpile.com/b/G7cfIB/G7qb
http://paperpile.com/b/G7cfIB/G7qb
http://paperpile.com/b/G7cfIB/dptSr
http://paperpile.com/b/G7cfIB/dptSr
http://paperpile.com/b/G7cfIB/dptSr
http://paperpile.com/b/G7cfIB/dptSr
http://paperpile.com/b/G7cfIB/dptSr
http://paperpile.com/b/G7cfIB/dptSr
http://paperpile.com/b/G7cfIB/ZpgkT
http://paperpile.com/b/G7cfIB/ZpgkT
http://paperpile.com/b/G7cfIB/ZpgkT
http://paperpile.com/b/G7cfIB/ZpgkT
http://paperpile.com/b/G7cfIB/ZpgkT
http://paperpile.com/b/G7cfIB/ZpgkT
http://paperpile.com/b/G7cfIB/BvnU
http://paperpile.com/b/G7cfIB/BvnU
http://paperpile.com/b/G7cfIB/BvnU
http://paperpile.com/b/G7cfIB/BvnU
http://paperpile.com/b/G7cfIB/1B7N
http://paperpile.com/b/G7cfIB/1B7N
http://paperpile.com/b/G7cfIB/1B7N
http://paperpile.com/b/G7cfIB/1B7N
http://paperpile.com/b/G7cfIB/1B7N
http://paperpile.com/b/G7cfIB/1B7N
http://paperpile.com/b/G7cfIB/YyT4
http://paperpile.com/b/G7cfIB/YyT4
http://paperpile.com/b/G7cfIB/YyT4
http://paperpile.com/b/G7cfIB/YyT4
http://paperpile.com/b/G7cfIB/YyT4
http://paperpile.com/b/G7cfIB/zTR0
http://paperpile.com/b/G7cfIB/zTR0
https://doi.org/10.26434/chemrxiv-2024-g62vk
https://orcid.org/0000-0003-4455-6177
https://creativecommons.org/licenses/by-nc-nd/4.0/


Metathesis Polymerization (ROMP) Approach
to Carboxyl- and Amino-Terminated Telechelic
Poly(butadiene)s. Macromolecules 2000, 33
(17), 6621–6623.
(33) Bielawski, C. W.; Grubbs, R. H. Living
Ring-Opening Metathesis Polymerization.
Prog. Polym. Sci. 2007, 32 (1), 1–29.
(34) Gaballa, H.; Theato, P.
Glucose-Responsive Polymeric Micelles via
Boronic Acid–Diol Complexation for Insulin
Delivery at Neutral pH. Biomacromolecules
2019, 20 (2), 871–881.
(35) Kasper, J. J.; Hitro, J. E.; Fitzgerald, S.
R.; Schnitter, J. M.; Rutowski, J. J.; Heck, J.
A.; Steinbacher, J. L. A Library of Fluorinated
Electrophiles for Chemical Tagging and
Materials Synthesis. J. Org. Chem. 2016, 81
(17), 8095–8103.
(36) Muller, N.; Simsohn, H. Investigation
of Micelle Structure by Fluorine Magnetic
Resonance. V. Sodium Perfluorooctanoate. J.
Phys. Chem. 1971, 75 (7), 942–945.
(37) Dearman, M.; Ogbonna, N. D.; Amofa,
C. A.; Peters, A. J.; Lawrence, J. Versatile
Strategies to Tailor the Glass Transition
Temperatures of Bottlebrush Polymers.
Polym. Chem. 2022, 13 (34), 4901–4907.
(38) Munkhbat, O.; Canakci, M.; Zheng, S.;
Hu, W.; Osborne, B.; Bogdanov, A. A.;
Thayumanavan, S. 19F MRI of Polymer
Nanogels Aided by Improved Segmental
Mobility of Embedded Fluorine Moieties.
Biomacromolecules 2019, 20 (2), 790–800.
(39) Fu, C.; Zhang, C.; Peng, H.; Han, F.;
Baker, C.; Wu, Y.; Ta, H.; Whittaker, A. K.
Enhanced Performance of Polymeric 19F MRI
Contrast Agents through Incorporation of
Highly Water-Soluble Monomer MSEA.
Macromolecules 2018, 51 (15), 5875–5882.
(40) Sedlacek, O.; Jirak, D.; Vit, M.;
Ziołkowska, N.; Janouskova, O.;
Hoogenboom, R. Fluorinated Water-Soluble
Poly(2-Oxazoline)s as Highly Sensitive 19F
MRI Contrast Agents. Macromolecules 2020,

53 (15), 6387–6395.
(41) Lutz, J.-F. Polymerization of
Oligo(ethylene Glycol) (meth)acrylates:
Toward New Generations of Smart
Biocompatible Materials. J. Polym. Sci. A
Polym. Chem. 2008, 46 (11), 3459–3470.
(42) Lutz, J.-F.; Akdemir, O.; Hoth, A. Point
by Point Comparison of Two Thermosensitive
Polymers Exhibiting a Similar LCST: Is the
Age of poly(NIPAM) Over? J. Am. Chem. Soc.
2006, 128 (40), 13046–13047.
(43) Saeki, S.; Kuwahara, N.; Nakata, M.;
Kaneko, M. Phase Separation of
Poly(ethylene Glycol)-Water-Salt Systems.
Polymer 1977, 18, 1027–1031.
(44) Wang, Y.; Tan, X.; Zhang, Y.; Hill, D. J.
T.; Zhang, A.; Kong, D.; Hawker, C. J.;
Whittaker, A. K.; Zhang, C. Discrete Side
Chains for Direct Tuning Properties of Grafted
Polymers. Macromolecules 2024, 57 (24),
11753–11762.
(45) Grinberg, V. Y.; Burova, T. V.;
Grinberg, N. V.; Dubovik, A. S.; Papkov, V. S.;
Khokhlov, A. R. Energetics of LCST Transition
of Poly(ethylene Oxide) in Aqueous Solutions.
Polymer (Guildf.) 2015, 73, 86–90.
(46) Park, S.; Barnes, R.; Lin, Y.; Jeon,
B.-J.; Najafi, S.; Delaney, K. T.; Fredrickson,
G. H.; Shea, J.-E.; Hwang, D. S.; Han, S.
Dehydration Entropy Drives Liquid-Liquid
Phase Separation by Molecular Crowding.
Commun. Chem. 2020, 3 (1), 83.
(47) Nichols, M. D.; Scott, E. A.; Elbert, D.
L. Factors Affecting Size and Swelling of
Poly(ethylene Glycol) Microspheres Formed
in Aqueous Sodium Sulfate Solutions without
Surfactants. Biomaterials 2009, 30 (29),
5283–5291.
(48) Das, E.; Matsumura, K. Tunable
Phase-Separation Behavior of
Thermoresponsive Polyampholytes through
Molecular Design. J. Polym. Sci. A Polym.
Chem. 2017, 55 (5), 876–884.

13

https://doi.org/10.26434/chemrxiv-2024-g62vk ORCID: https://orcid.org/0000-0003-4455-6177 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

http://paperpile.com/b/G7cfIB/zTR0
http://paperpile.com/b/G7cfIB/zTR0
http://paperpile.com/b/G7cfIB/zTR0
http://paperpile.com/b/G7cfIB/zTR0
http://paperpile.com/b/G7cfIB/RIxN
http://paperpile.com/b/G7cfIB/RIxN
http://paperpile.com/b/G7cfIB/RIxN
http://paperpile.com/b/G7cfIB/tO6y
http://paperpile.com/b/G7cfIB/tO6y
http://paperpile.com/b/G7cfIB/tO6y
http://paperpile.com/b/G7cfIB/tO6y
http://paperpile.com/b/G7cfIB/tO6y
http://paperpile.com/b/G7cfIB/jNzo
http://paperpile.com/b/G7cfIB/jNzo
http://paperpile.com/b/G7cfIB/jNzo
http://paperpile.com/b/G7cfIB/jNzo
http://paperpile.com/b/G7cfIB/jNzo
http://paperpile.com/b/G7cfIB/jNzo
http://paperpile.com/b/G7cfIB/RVPS
http://paperpile.com/b/G7cfIB/RVPS
http://paperpile.com/b/G7cfIB/RVPS
http://paperpile.com/b/G7cfIB/RVPS
http://paperpile.com/b/G7cfIB/dgbO
http://paperpile.com/b/G7cfIB/dgbO
http://paperpile.com/b/G7cfIB/dgbO
http://paperpile.com/b/G7cfIB/dgbO
http://paperpile.com/b/G7cfIB/dgbO
http://paperpile.com/b/G7cfIB/aEcS
http://paperpile.com/b/G7cfIB/aEcS
http://paperpile.com/b/G7cfIB/aEcS
http://paperpile.com/b/G7cfIB/aEcS
http://paperpile.com/b/G7cfIB/aEcS
http://paperpile.com/b/G7cfIB/aEcS
http://paperpile.com/b/G7cfIB/kEDu
http://paperpile.com/b/G7cfIB/kEDu
http://paperpile.com/b/G7cfIB/kEDu
http://paperpile.com/b/G7cfIB/kEDu
http://paperpile.com/b/G7cfIB/kEDu
http://paperpile.com/b/G7cfIB/kEDu
http://paperpile.com/b/G7cfIB/p3yp
http://paperpile.com/b/G7cfIB/p3yp
http://paperpile.com/b/G7cfIB/p3yp
http://paperpile.com/b/G7cfIB/p3yp
http://paperpile.com/b/G7cfIB/p3yp
http://paperpile.com/b/G7cfIB/p3yp
http://paperpile.com/b/G7cfIB/2vtj
http://paperpile.com/b/G7cfIB/2vtj
http://paperpile.com/b/G7cfIB/2vtj
http://paperpile.com/b/G7cfIB/2vtj
http://paperpile.com/b/G7cfIB/2vtj
http://paperpile.com/b/G7cfIB/pF28
http://paperpile.com/b/G7cfIB/pF28
http://paperpile.com/b/G7cfIB/pF28
http://paperpile.com/b/G7cfIB/pF28
http://paperpile.com/b/G7cfIB/pF28
http://paperpile.com/b/G7cfIB/jp5c
http://paperpile.com/b/G7cfIB/jp5c
http://paperpile.com/b/G7cfIB/jp5c
http://paperpile.com/b/G7cfIB/jp5c
http://paperpile.com/b/G7cfIB/t2Gg
http://paperpile.com/b/G7cfIB/t2Gg
http://paperpile.com/b/G7cfIB/t2Gg
http://paperpile.com/b/G7cfIB/t2Gg
http://paperpile.com/b/G7cfIB/t2Gg
http://paperpile.com/b/G7cfIB/t2Gg
http://paperpile.com/b/G7cfIB/htlv
http://paperpile.com/b/G7cfIB/htlv
http://paperpile.com/b/G7cfIB/htlv
http://paperpile.com/b/G7cfIB/htlv
http://paperpile.com/b/G7cfIB/htlv
http://paperpile.com/b/G7cfIB/Ifpq
http://paperpile.com/b/G7cfIB/Ifpq
http://paperpile.com/b/G7cfIB/Ifpq
http://paperpile.com/b/G7cfIB/Ifpq
http://paperpile.com/b/G7cfIB/Ifpq
http://paperpile.com/b/G7cfIB/Ifpq
http://paperpile.com/b/G7cfIB/KXL8
http://paperpile.com/b/G7cfIB/KXL8
http://paperpile.com/b/G7cfIB/KXL8
http://paperpile.com/b/G7cfIB/KXL8
http://paperpile.com/b/G7cfIB/KXL8
http://paperpile.com/b/G7cfIB/KXL8
http://paperpile.com/b/G7cfIB/ZHhp
http://paperpile.com/b/G7cfIB/ZHhp
http://paperpile.com/b/G7cfIB/ZHhp
http://paperpile.com/b/G7cfIB/ZHhp
http://paperpile.com/b/G7cfIB/ZHhp
https://doi.org/10.26434/chemrxiv-2024-g62vk
https://orcid.org/0000-0003-4455-6177
https://creativecommons.org/licenses/by-nc-nd/4.0/

