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Elucidating the molecular design principles of
N-alkylated nylons for LCST-type phase separation
through a systematic polymer library
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Hydrophilic polymers showing LCST-type phase separation are useful functional polymer materials. In this
study, we expanded the N-alkylated nylon library by varying the main-chain carbon numbers (p and g)
and the N-alkyl side chains (R = ethyl, n-propyl, and isopropyl), and further designed branched and copo-
lymer structures to systematically evaluate their effects on water solubility and LCST-type phase separ-
ation. We found that structural variations in the N-alkyl side chains, including linear and branched isomers
with identical hydrophilic/hydrophobic balance, significantly influence water solubility, demonstrating that
structural features permitting hydration of the amide groups are essential for molecular design of LCST-
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type phase separation. Moreover, backbone rigidity was identified as another important factor governing
LCST-type phase separation. These findings provide a deeper understanding of the molecular design
required for LCST-type phase separation and highlight N-alkylated nylons as a unique class of hydrophilic
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1. Introduction

Hydrophilic polymers constitute a crucial class of polymer
materials with widespread applications ranging from indus-
trial and consumer products’™ to biomaterials.>® They
possess hydrophilic groups such as amide, hydroxyl, ether, car-
boxyl, phosphoester, and sulfoxide in their backbone or side
chain, which hydrate through hydrogen bonding with water. At
the same time, polymer structures inevitably incorporate
hydrophobic groups such as alkyl chain, aromatic ring, and
other less polar functionality such as ester and sulfur, which
contribute to hydrophobic hydration, defined as the process of
cage formation and structuring of water molecules around
hydrophobic domains.'® Both groups allow for the expression
of various functions depending on the extent of hydrophilicity
and hydrophobicity. Among them, lower critical solution temp-
erature (LCST)-type thermo-responsive polymers, represented
by poly(N-isopropylacrylamide) (PNIPAM),'"*> have extensively
been investigated for many years since they exhibit dramatic
changes in water solubility upon heating or cooling around a
temperature known as the cloud point.>***®* LCST-type phase
separation arises from the conformational change of the
polymer chains between the coil and globule state induced by
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polymers exhibiting LCST-type phase separation.

hydration/dehydration. Owing to their promising potential
for biomedical and smart material applications,"®?
LCST-type phase separation has been extensively explored
in diverse polymer classes bearing hydrophilic functionalities,
particularly amide-containing polymers such as polyacryl-
amides,"""**  poly(vinyl amide)s,**>®  poly(2-oxazoline)
s,71%162728 and polypeptoids.”**>* In these studies, adjusting
hydrophilic/hydrophobic balance®® is essential for the mole-
cular design of LCST-type phase separation, which is mainly
demonstrated by tailoring the size of alkyl side chains.

Recently, we developed N-methylated nylons as a new class of
hydrophilic polymers.*® By tailoring the main-chain carbon
numbers (p and g), we achieved continuous control over the
aqueous solubility of N-methylated nylons. This approach
explored the investigation of a wider range of the alkyl chain size
than those of the similar studies of poly(2-oxazoline)s/poly(2-
oxazine)s' and poly(a-/p-peptoid)s.”” Through systematic syn-
thesis and evaluation of these constitutional isomers with
varying p and ¢, we identified N-methylated nylons with p + g =
10 as an optimal hydrophilic/hydrophobic balance for LCST-type
phase separation. These polymers have a molecular formula of
Ce¢Hy1NO per amide unit, which is consistent with many LCST-
type amide-containing polymers including PNIPAM.?> However,
studies on poly(a-peptoid)s with different N-alkyl side chain
demonstrated that CsHoNO is suitable for LCST-type phase sep-
aration.® This suggests that factors beyond simple hydrophilic/
hydrophobic balance may contribute to LCST-type phase separ-
ation, motivating the expansion of polymer libraries to systemati-
cally examine the effects of alkyl side-chain structure.
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Fig. 1 Polymer library synthesized in this study. The library consists of fourteen N-ethylated nylons, four N-n-propylated nylons, four
N-isopropylated nylons, two polymers containing branched alkyl groups in the main chain, and two copolymers. By comparing their water solubility
and LCST-type phase separation behavior, structure—property relationships were elucidated, establishing N-alkylated nylons as a distinct class of

LCST-type thermo-responsive polymers.

In this study, we construct an expanded library of
N-alkylated nylons by independently tuned three structural
variables, p and ¢ in the main chain and R in the side chain.
N-Alkylated nylons synthesized via A, + B, type polycondensation
possess oppositely oriented amide groups, reflecting the inherent
asymmetry between p and ¢.*”° This molecular design strategy
enables highly flexible arrangements of alkyl groups, resulting in
a wide variety of constitutional isomers with an identical hydro-
philic/hydrophobic balance. Therefore, comparison of the newly
synthesized N-alkylated nylons with previously reported
N-methylated nylons®® reveals more precise molecular design
principle for LCST-type phase separation that extend beyond
hydrophilic/hydrophobic balance. Accordingly, we primarily
focus on N-alkylated nylons bearing N-ethyl and n-propyl side
chains, as well as N-isopropyl substituent. In addition, the mole-
cular design is extended to incorporate branched alkyl groups
and copolymer systems containing randomly distributed larger
and smaller hydrophobic alkyl group. Through a comprehensive
evaluation of their LCST-type phase behavior, we aim to elucidate
the structure-property relationships of N-alkylated nylons and
establish their unique class as hydrophilic polymers exhibiting
LCST-type phase separation (Fig. 1).

2. Results and discussion

We investigated N-ethylated and N-propylated nylons within
the same molecular formula range as in our previous study.*®
In total, fourteen N-ethylated nylons, N-Et-p,q (p = 2-4, q =
3-8), and four N-propylated nylons, N-nPr-p,q (p = 2, g = 3-6)

Polym. Chem.

were examined. These polymers have molecular formulas
ranging from CsHoNO to C;H;3NO per amide group, forming a
library that allows direct comparison of their aqueous solubi-
lity with that of N-methylated nylons. All the N-alkylated
nylons were synthesized via the polycondensation of corres-
ponding diacid chlorides and diamines in the presence of tri-
ethylamine in dichloromethane at low temperature. The result-
ing polymers were characterized by 'H and "*C NMR analysis
(SI section 3). The splitting of the proton signals for N-CH,
and O=CCH, in both NMR spectra at room temperature
revealed the existence of cis-trans conformations of the tertiary
amide groups in solution. "H-"*C HMQC NMR measurements
also supported the presence of multiple conformers. Size-
exclusion chromatography (SEC) analysis revealed that
N-alkylated nylons with number average molecular weights
ranging from several thousand to tens of thousands were suc-
cessfully obtained.

Thermal properties of the two series were investigated
using differential scanning calorimetry (DSC). While conven-
tional nylons with a secondary amide typically exhibit relatively
high glass transition temperature (T,) and high melting point
(Tw),*® most of the synthesized N-alkylated nylons showed low
T, at around room temperature and no melting in higher
temperature. Comparing the N-Et-2,q series, it was revealed
that T, decreases as the number of carbons in the main chain
(q9) increases (Fig. 2a), which is consistent with the similar
trend observed in N-methylated nylons. Furthermore, when
comparing T, values among polymers with the same backbone
structure N-R-2,6 (R = Me, Et, nPr), the order was found to be
N-nPr-2,6 < N-Et-2,6 < N-Me-2,6 (Fig. 2b). This trend is attribu-

This journal is © The Royal Society of Chemistry 2026
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ted to increased mobility of the longer side chains, which sup-
presses intermolecular association of polymer chains. In con-
trast, a comparison of constitutional isomers N-Me-6,4, N-Et-
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Fig. 2 Thermal property and aqueous solubility of N-alkylated nylons. DSC second heating thermogram (10 °C min~?) of (a) N-Et-2,q (g = 4-8), (b)
N-R-2,6 (R = Me, Et, and nPr), and (c) N-alkylated nylons with C¢H1;NO (N-Me-6,4, N-Et-4,4, N-nPr-2,4). Transmittance change at 800 nm of (d)
N-Et-2,q (q = 5-7), (e) N-Et-p.q (p.q = 2,6, 3,5, 4,4), and (f) N-alkylated nylons with C¢Hy;NO (N-Me-6,4, N-Et-4,4, N-nPr-2,4) in H,O (10 mg mL™)
by the temperature changes (scan rate: 1.5 °C min™Y); the solid and dotted lines represent the heating and cooling processes, respectively. (g)
Summary of the solubility of a series of N-alkylated nylons in H,O (10 mg mL™%). The vertical axis represents the methylene carbon numbers of the
diamine moiety (p), and the horizontal axis represents the unit formula per tertiary amide group. Each entry is classified as soluble, LCST-type phase
separation, or insoluble; for LCST-type polymers, the cloud point (°C) at 10 mg mL™t is given in parentheses.

4,4, and N-nPr-2,4 revealed a T, order of N-Me-6,4 < N-Et-4,4 <
N-nPr-2,4. This result indicates that the flexibility derived from
the length of the alkyl chain in the backbone is a more domi-
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nant factor in determining T, than the mobility of the side
chain (Fig. 2c).

Solubility and thermo-responsive behavior in water were
evaluated. Aqueous solutions of N-R-p,g (10 mg mL™") were
prepared and equilibrated at 4 °C for several days prior to
measurement. Temperature-dependent transmittance change
at 800 nm was measured using UV-vis spectroscopy, and the
cloud point was defined as the temperature at which the trans-
mittance decreased to 90% during heating. We initially investi-
gated the N-Et-2,q (¢ = 4-8) series. Within 4-100 °C, N-Et-2,4
remained soluble (T, > 100 °C), whereas N-Et-2,8 was in-
soluble (T, < 4 °C). The intermediate polymers (N-Et-2,5, N-Et-
2,6, and N-Et-2,7) exhibited LCST-type phase separation, with
cloud points decreasing as the carbon number increased
(Fig. 2d). The hysteresis between heating and cooling cycles is
relatively smaller for N-Et-2,6, which has an optimal hydro-
philic/hydrophobic balance, than for N-Et-2,5 and N-Et-2,7.
Dynamic light scattering (DLS) measurements revealed a sharp
increase in particle size at high temperatures, indicating aggre-
gation of polymer chains and the emergence of LCST-type
phase separation (SI section 5 and 6). Similar solubility trends
were observed for the N-Et-3,q, N-Et-4,q, and N-nPr-2,q series,
indicating that increasing alkyl chain length enhances hydro-
phobicity and lowers cloud point. N-Et-2,6, N-Et-3,5, and N-Et-
4,4, which are constitutional isomers to each other with
Ce¢H1:NO per amide unit among N-Et-p,q, exhibited LCST-type
phase separation with small hysteresis within the relatively
narrow range of 34-47 °C, close to body temperature (Fig. 2e).
Among constitutional isomers (C¢H;;NO) bearing different
N-substituents, N-Et-4,4 and N-nPr-2,4, with the previously
reported N-Me-6,4,® the cloud points increased in the order
N-Me-6,4 < N-Et-4,4 < N-nPr-2,4 (Fig. 2f). This trend is likely
due to the increasing number of carbon atoms between the
tertiary amide groups, which results in larger hydrophobic
domains and inhibits hydration. Variable-temperature 'H
NMR measurements in D,O for N-Et-4,4 were performed, with
all signals remaining observable above T, and showing only
slight downfield shifts. These observations are consistent with
partial dehydration of the polymer chains, leading to aggrega-
tion of aliphatic segments and subsequent coacervation (SI
section 7). In addition, we examined the effect of polymer con-
centration (10-1.3 mg mL™") for a series of N-R-p,q polymers
with CgH;4NO per amide unit (SI section 8). For all polymers,
the cloud point gradually increased with decreasing concen-
tration, consistent with typical LCST-type phase separation be-
havior. As an exception of these trends, N-nPr-2,3 exhibited
LCST-type phase separation at a low cloud point despite the
smaller alkyl size per amide unit. This behavior may be attrib-
uted to increased backbone rigidity, which reduces chain
mobility and consequently lowers water solubility.

A summary of all eighteen synthesized N-alkylated nylons is
provided in Fig. 2g. N-Alkylated nylons enable molecular
designs in which hydrophobic alkyl groups can be freely posi-
tioned on both the main chain (p,q) and side chain (R) relative
to the hydrophilic amide units. This feature provides a
polymer library composed of multiple constitutional isomers
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with continuously tunable hydrophilicity. Consistent with our
previous findings,*® these results demonstrate that a molecular
formula of C¢gH;;NO per amide unit provides the optimal
hydrophilic/hydrophobic balance for LCST-type phase separ-
ation in water. In addition, backbone flexibility is another
important factor in determining the water solubility of
N-alkylated nylons, this structural feature also observed in poly
(a-peptoid)s. Poly(a-peptoid)s possess relatively rigid back-
bones due to the short spacing between amide groups, which
would lower their solubility in water. Consequently, inducing
LCST-type phase separation in these polymers required
increasing backbone hydrophilicity by reducing the number of
methylene groups, corresponding to a per-amide molecular
formula of CsHoNO.

Because N-alkylated nylons examined thus far were limited
to linear alkyl substituents, we next investigated
N-isopropylated nylons bearing branched alkyl groups.
N-Isopropylated nylons, N-iPr-2,q (g = 3-6) was synthesized via
polycondensation, affording molecular weights comparable to
those of the corresponding linear analogues (Fig. 3a). To evalu-
ate water solubility, aqueous solutions of N-iPr-2,q (g = 3-6)
were prepared at 10 mg mL ™", and N-iPr-2,3 exhibited LCST-
type phase separation in water, consistent with the behavior of
other N-alkylated nylons. In contrast, N-iPr-2,4 has the same
molecular formula per amide unit (C¢H;;NO) as N-nPr-2,4,
which was previously identified as optimal for LCST-type
phase separation, yet it was insoluble in water over 4-100 °C.
Further extension of the alkyl chain to N-iPr-2,5 and N-iPr-2,6
also remained insoluble in water. DSC measurements con-
firmed that N-iPr-2,4 exhibited a significantly higher T, than
N-nPr-2,4, indicating increased backbone rigidity (Fig. 3b). In
addition, "*C NMR spectra of N-iPr-2,4 in CDCl; showed no
splitting of the carbon signals, suggesting slower cis/trans iso-
merization around the tertiary amide group and reduced con-
formers in the polymer chain in solution (Fig. 3c). The two
neighboring bulky isopropyl groups increase the surface area
of the hydrophobic domains, and the shorter alkyl group
between the tertiary amide groups decreases the flexibility of
the backbone. These two factors may decrease the water solu-
bility of N-alkylated nylons. Because the isopropyl side chain is
more hydrophilic than n-propyl group and enhances aqueous
solubility in poly(a-peptoid)s,®® polyacrylamides,® and poly(2-
oxazoline)s,””?® its markedly different influence here suggests
a distinct the polymer backbone.
Furthermore, in most thermo-responsive polymer classes,
increasing the number of carbon atoms enhances hydrophobi-
city and leads to water insolubility.>*”*° For N-alkylated
nylons, water insolubility can be induced solely by the branch-
ing pattern of the alkyl side chain without changing the
carbon number. This finding highlights a unique phenom-
enon arising from the structural characteristics of N-alkylated
nylons. Thus, structural features permitting hydration of the
amide groups are essential for the molecular design of LCST-
type phase separation.

To further investigate the effects of branched alkyl group,
we prepared N-alkylated nylons that contain a branched side

interaction with

This journal is © The Royal Society of Chemistry 2026
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Fig. 3 (a) Summary of the solubility of a series of N-n-propylated nylons and N-isopropylated nylons in H,O (10 mg mL™3). (b) DSC second heating
thermogram (10 °C min~Y) of N-nPr-2,4 and N-iPr-2,4. (c) **C NMR spectra of N-nPr-2,4 and N-iPr-2,4.

chain between the tertiary amide groups. In the previous
report on poly(2-oxazoline) and poly(2-oxazine) within the con-
stitutional isomers, poly(2-alkyl-4-methyl-2-oxazoline)s with a
methyl side chain on the backbone exhibits lower hydrophili-
city than poly(2-alkyl-2-oxazine)s.”® Therefore, using the sym-
metric dicarboxylic acid monomer 3-methylglutaric acid (Me-
5), we synthesized two polymers with a methyl side chain on
the backbone, N-Me-4,Me-5 and N-Et-2,Me-5 (M, = 6.1 x 10,
6.4 x 10%). This design avoids head-to-head/tail-to-tail orien-
tation in the backbone. These two polymers are the isomers
with CgH;;NO per amide group. The "*C NMR spectra showed
peak splitting, indicating the presence of multiple conformers
in solution, similar to those observed for N-alkylated nylons
with a linear alkyl group. Both N-Me-4,Me-5 and N-Et-2,Me-5
exhibited LCST-type phase separation in water (10 mg mL™")
(Fig. 4a and b). Compared with their linear alkyl analogues,
these branched polymers exhibited comparable or even
enhanced solubility. This trend contrasts with that observed in
the poly(2-oxazoline)/poly(2-oxazine) series. In poly(2-oxazo-
line)/poly(2-oxazine), introduction of a 4-methyl substituent in
poly(2-oxazoline)s markedly increases backbone rigidity. In
contrast, because N-alkylated nylons have longer spacing

This journal is © The Royal Society of Chemistry 2026

between amide groups, branching within the main chain does
not substantially increase backbone rigidity and thus does not
effectively reduce water solubility. In this case as well, unique
behavior arising from the intrinsic structural feature of long
amide-amide spacing in N-alkylated nylons was observed.
Finally, to further validate the conditions for LCST-type
phase separation, we synthesized two 1:1 random copolymers
with an average molecular formula of C¢H;;NO per amide
unit. Random copolymerization, an established strategy widely
used in the literature, enables a molecular design in which
larger and smaller hydrophobic segments are randomly dis-
tributed along the polymer chain.*>*' One copolymer con-
sisted of water-soluble N-Me-2,6 units and water-insoluble
N-Me-2,10 units, resulting in an overall hydrophilic/hydro-
phobic balance equivalent to that of LCST-type thermo-respon-
sive N-Me-2,8. Similarly, for the N-ethyl series, we synthesized
a random copolymer of N-Et-2,4 and N-Et-2,8, resulting in a
polymer with a composition equivalent to that of N-Et-2,6. The
synthesis was performed by mixing the two corresponding
dicarboxylic acid chlorides in a 1:1 molar ratio and adding
the mixed dicarboxylic acid chlorides dropwise to the reaction
solution (Scheme 1). 'H NMR analysis confirmed that the

Polym. Chem.
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(a) Chemical structure of N-alkylated nylon containing a branched methyl side chain on the backbone with CgH1;NO. (b) Transmittance

change at 800 nm of branched N-alkylated nylon (orange) and linear N-alkylated nylon (blue) in H,O (10 mg mL™) by the temperature changes
(scan rate: 1.5 °C min~Y); the solid and dotted lines represent the heating and cooling processes, respectively.

Scheme 1 Polymerization scheme for the synthesis of N-alkylated nylon 1:1 random copolymer. (a) N-Me-2,6-ran-N-Me-2,10. (b) N-Et-2,4-ran-

N-Et-2,8.

copolymers were synthesized with the intended 1:1 ratio,
based on the integration values of the signals (Table 1). Both
copolymers still showed LCST-type phase separation (10 mg
mL™") when its average composition per amide unit was
Ce¢H;1NO, identical to that of the corresponding homopolymer
(Fig. 5a and b). However, the copolymers showed lower cloud
points than the corresponding homopolymers. Similarly,
studies on poly(a-peptoid)s have demonstrated that random
copolymers containing both water-soluble and water-insoluble
units exhibit lower cloud point than the corresponding homo-
polymer with the same hydrophilic/hydrophobic balance.*"
These findings indicate that water-insoluble units bearing
larger hydrophobic groups influence the overall water solubi-
lity. Larger hydrophobic domains, for example those formed
by contiguous water-insoluble units, suppress hydrophobic
hydration, leading to decreased water solubility.

We summarized a comprehensive list of all polymers syn-
thesized in this study (Table 2). Comparison of N-alkylated

Table 1 Characterization of N-alkylated nylon 1: 1 random copolymer

nylons with other amide-containing polymers, including poly-
acrylamides, poly(2-oxazoline)s, and poly(a-peptoid)s, revealed
that differences in water solubility originate from their struc-
tural features. These results suggest that hydration of the
amide carbonyl groups is required for LCST-type phase separ-
ation. Regarding the hydrophilic-hydrophobic balance, poly-
mers with sufficiently flexible backbones, such as N-alkylated
nylons, polyacrylamides, and poly(2-oxazoline)s, exhibit LCST-
type phase separation at an optimal composition of CsH;;NO
per amide unit. In contrast, poly(a-peptoid)s, which possess a
more rigid backbone, show reduced water solubility and
thereby require a more hydrophilic composition (CsHoNO) to
exhibit LCST-type phase separation. Notably, the effect of back-
bone rigidity is also observed in N-alkylated nylons, polyacryl-
amides, and poly(2-oxazoline)s. Molecular designs that signifi-
cantly increase rigidity, such as the introduction of methyl
groups into the backbone, lead to a decrease in the cloud
point. These findings demonstrate that systematic comparison

m:n

Feed Observed M, b Solubility
N-Me-2,6-ran-N-Me-2,10 1:1 1:1.03 1.9 x 10* 1.6 LCST
N-Et-2,4-ran-N-Et-2,8 1:1 1:1.04 5.5 x 10° 1.5 LCST
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Fig. 5 (a) Chemical structure of random copolymers adjusted their
hydrophilic/hydrophobic balance to CgH1;NO and N-alkylated nylon
homopolymers with CgH1;NO. (b) Transmittance change at 800 nm of
N-alkylated nylon random copolymers (orange) and homopolymers
(blue) in H,O (10 mg mL™) by the temperature changes (scan rate:
1.5 °C min™Y); the solid and dotted lines represent the heating and
cooling processes, respectively.

Table 2 Summary of synthesized N-alkylated nylons in this study

R pg M,“[gmol™] D"  T,[C] T [C]
Et 2,4 2.3 x10° 1.6 45 >100
2,5 5.0 x 10° 2.4 25 53
2,6 5.1 x10° 1.7 18 47
2,7 6.9 x 10° 2.0 9 23
2,8 1.4 x 10* 1.7 3 4>
3,3 1.8 x 10° 2.4 68 >100
3,4 1.9 x 10% 2.1 46 75
3,5 7.6 x 10° 1.5 12 38
3,6 4.0 x 10° 1.6 6 37
3,7 7.2 x 10° 1.6 0 1>
4,3 3.3 x10° 2.3 54 >100
44 8.0 x 10° 2.0 27 34
4,5 1.0 x 10* 1.7 6 21
4,6 7.1x10° 1.5 -2 1>
nPr 2,3 1.4 x10° 1.7 55 19
2,4 2.1x10° 1.1 29 48
2,5 5.7 x 10° 1.7 17 11
2,6 7.4 x10° 1.7 12 1>
iPr 2,3 1.2 x 10° 1.4 119 62
2,4 1.3 x 10° 1.5 67 4>
2,5 4.9 x 10° 1.5 55 4>
2,6 3.8x10° 2.4 51 1>
Me  4,Me-5 6.4 x 10° 1.8 23 50
Et 2,Me-5 6.1x10° 1.6 36 44
Me 2,6-ran-2,10 1.9 x 10* 1.6 — 11
Et 2,4-ran-2,8 5.5 x 10° 1.5 — 35

“Determined by SEC measurement. °Determined by DSC.
¢ Determined from UV-vis spectroscopy at 10 mg mL™".

This journal is © The Royal Society of Chemistry 2026
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of functional group arrangements in the repeating units of
amide-containing polymers enables a clear understanding of
the factors governing LCST-type phase separation and its
associated cloud points.

3. Conclusion

In this study, we systematically investigated N-alkylated nylons
bearing ethyl, n-propyl, and isopropyl groups as a N-alkyl side
chains and significantly expanded the polymer library. In
addition to linear alkyl groups, the molecular design was
extended to branched alkyl structures as well as copolymers.
By independently tuning the alkyl groups in both the main
and side chains, this highly flexible molecular design allows
for precise control over water solubility across a wide range of
constitutional isomers. Systematic evaluation suggested that
LCST-type phase separation in water is governed primarily by
the water accessibility of the amide carbonyl groups. In
addition to the optimal balance between hydrophilic and
hydrophobic groups, we found that polymer chain rigidity is
also an important molecular design guideline for achieving
LCST-type thermo-responsiveness. Importantly, the orientation
and long spacing between amide groups—structural character-
istics intrinsic to N-alkylated nylons—result in solubility-struc-
ture relationships distinct from those of other polymer classes.
These findings reinforce their position as a unique class of
hydrophilic polymers exhibiting LCST-type phase separation.
Future studies incorporating parameters such as molecular
weight will provide a more comprehensive understanding of
the hydration structure and precise control of the cloud
points. With appropriate modification of substituents on both
the main and side chains, N-alkylated nylons represent a
promising class of hydrophilic polymers for applications
including functional micelles and vesicles, microparticles, and
hydrogels.
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