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ABSTRACT: The synthesis of poly(N-allyl acrylamide) (PNAllAm) as a platform for the preparation of functional hydrogels 
is described. The PNAllAm was synthesized via organocatalyzed amidation of poly(methyl acrylate) (PMA) with allylamine 
and characterized by 1H NMR spectroscopy, size exclusion chromatography (SEC) and turbidimetry, which allowed an es-
timation of the lower critical solution temperature (LCST) of ~26 °C in water. The PNAllAm was then used to make func-
tional hydrogels via photo-initiated thiol-ene chemistry, where dithiothreitol (DTT) was used to crosslink the polymer 
chains. In addition, mercaptoethanol (ME) was added as a functional thiol to modulate the hydrogel properties. A decrease 
of the volume-phase transition temperature (VPTT) of the resulting hydrogels was observed with increasing ME content. 
Altogether this work introduces a straightforward way for the preparation of PNAllAm from PMA and demonstrates its 
value as reactive polymer platform for the generation of functional hydrogels.  

Hydrogels are hydrophilic polymeric 3D-networks re-
sembling soft biological tissue and are capable of absorbing 
large amounts of water. They provide a versatile platform 
for the development of functional materials with a wide 
range of applications including tissue engineering,1,2 drug 
delivery,3,4 energy storage5,6 and self-healing materials.7,8  

Based on the type of crosslinks, two major classes of hy-
drogels can be identified, i.e. physically and covalently 
crosslinked hydrogels. In physical hydrogels, the polymer 
chains are linked together by non-covalent interactions 
like ionic interactions, hydrogen bonding or hydrophobic 
interactions, and they generally result in materials with dy-
namic properties.9–11 In contrast, covalent hydrogels are co-
valently crosslinked polymer networks that are typically 
employed in applications where mechanical stability is of 
interest.12 Additionally, both physical and chemical cross-
linking can be combined to create hybrid materials with 
stimuli-responsive properties derived from the non-cova-
lent bonds while the mechanical strength is provided by 
the covalent crosslinks.13  

When choosing a polymer platform for the preparation 
of hydrogels, the hydrophilicity is an important property to 
allow the uptake of water. A wide range of hydrophilic pol-
ymers are available including biopolymers, like alginate,14–

16 chitosan17–19 and gelatin,20–22 as well as synthetic poly-
mers, such as poly(ethylene glycol),23–25 poly(hydroxyethyl 
methacrylate),26–28 poly(vinyl alcohol),29–31 poly(2-oxazo-
line)s,32–35 polyacrylamides,36–38 and recently poly(2-isopro-
penyl-2-oxazoline)s.39–42 

N-substituted polyacrylamides are an interesting poly-
mer scaffold where variation of the side-chains results in 
highly tunable properties, e.g. self-healing,43,44 pH-,45,46 
light-47,48 and thermoresponsive behavior.49–52 These func-
tional polyacrylamides are commonly synthesized by di-
rect polymerization of a functional acrylamide monomer. 
Although monomer synthesis and subsequent polymeriza-
tion are generally employed, the polymerization mecha-
nism often poses limitations towards reactive monomers 
with interfering functional groups. In this case, post-
polymerization modification (PPM) can provide a solution 
by introducing the desired functionalities to a readily avail-
able precursor polymer.53–55 For radical polymerization, ad-
ditional unsaturated functionalities in the monomer can 
interfere with the polymerization by causing side reac-
tions, as exemplified by the polymerization of N-allyl 
acrylamide (NAllAm) that results in the formation of poly-
mer networks.56–62 Although Schubert et al. reported the 
synthesis of copolymers consisting of N-isopropylacryla-
mide (NiPAm) and NAllAm via atom transfer radical 
polymerization under mild conditions, the NAllAm mono-
mer feed was limited to 30% to avoid crosslinking, indicat-
ing the occurrence of radical coupling on the side-chain al-
lyl groups.63 

With its large abundance of allyl groups, PNAllAm is a 
versatile platform to design functional polyacrylamides by 
variation of the added thiols that can be coupled to the pol-
ymers with thiol-ene reactions.64–66 In addition, multifunc-



 

tional thiols enable crosslinking, and therefore the synthe-
sis of functional hydrogels, which has not been previously 
reported for this polymer platform. Subsequently, the re-
maining alkenes in the hydrogel can be further functional-
ized with thiols, which has been reported for hydrogels 
with latent allyl groups that were introduced in the form of 
allyl methacrylate67 or norbornene.68,69 

The first reported synthesis of PNAllAm dates back to 
1972 where Ferruti et al. synthesized the polymer from 
poly(N-hydroxysuccinimide acrylate) (PNHSA) by reacting 
the activated ester side-chains with allylamine, which was 
later reproduced by Lou et al.59,61 Activated esters have 
been a valuable tool in the development of functional 
poly(meth)acrylates and poly(meth)acrylamides, with N-
hydroxysuccinimide (NHS)  and pentafluorophenol (PFP-
OH) esters as the most popular examples.70 Although acti-
vated esters are successfully applied in multiple applica-
tions, direct modification of unactivated poly(meth)acry-
lates remains relatively uncharted territory and offers a 
couple of advantages over the activated ester approach. 
Firstly, the catalytic conversion of unactivated polymeric 
esters enables the synthetic upcycling of commodity poly-
mers such as poly(methyl acrylate) (PMA), poly(ethyl acry-
late), poly(n-butyl acrylate) and poly(2-ethylhexyl acry-
late), and holds a large potential towards upcycling strate-
gies of plastic waste into chemicals, fuels and materials.71 
Secondly, the catalytic pathway offers a superior atom effi-
ciency over the activated ester approach, which involves 
relatively large leaving groups. Finally, the synthesis of 
conventional unactivated poly(alkyl acrylate)s and subse-
quent catalytic modification is more cost-effective than the 
synthesis and conversion of  the more expensive activated 
ester alternatives. 

Recently, several research groups started exploring the 
catalytic upcycling of poly(meth)acrylates via transesterifi-
cation and amidation.62,72–76 Our group developed a direct 
amidation and transesterification protocol for the modifi-
cation of polyacrylates by the application of catalytic ba-
ses.62,76,77 Here, triazabicyclodecene (TBD) enables trans-
esterification and amidation of the polymeric esters with 
alcohols and amines respectively, yielding a wide variety of 
functional polyacrylates and polyacrylamides using PMA 
as unactivated base polymer. In addition, this catalytic ap-
proach was also applied to poly(2-alkyl-2-oxazoline)s com-
prising 2-methoxycarboxypropyl-2-oxazoline.35 

In this work, the synthesis of PNAllAm is reported based 
on the post-polymerization modification of PMA through 
the TBD catalyzed amidation (Scheme 1).62 Subsequently, 
PNAllAm was employed to prepare functional hydrogels 
using thiol-ene chemistry with dithiotreitol (DTT) as a 
crosslinker, which was also performed in presence of mer-
captoethanol (ME) to modulate the hydrogel properties. A 
two-step sequential approach was also considered (i.e. first 
crosslinking the PNAllAm with DTT followed by function-
alization of the obtained hydrogel with a functional thiol), 
but the poor mechanical properties of the hydrogel ob-
tained in the first step did not allow physical manipulation 
without damaging the gels. Therefore, only the one-pot ap-

proach is reported (i.e. simultaneous addition of cross-
linker and functional thiol), which is also more simple as 
both the crosslinking and functionalization can be com-
bined in one step, which presumably also leads to more ho-
mogeneous functionalization.  

Scheme 1. Synthesis of poly(N-allyl acrylamide) 
(PNAllAm) with subsequent synthesis of the functional 
hydrogels. The displayed equivalents are relative to the 
molar amount of methyl esters of PMA. 

 

The synthesis of PNAllAm was adapted from Van Guyse 
et al.62 In short, PMA, TBD and allylamine were heated to 
80 °C for 3 days, after which the polymers were precipitated 
in diethyl ether. The TBD was efficiently removed by addi-
tion of an acidic exchange resin (Dowex) to an aqueous so-
lution of the polymer, yielding the purified PNAllAm as 
confirmed by 1H NMR spectroscopy (Figure 1). Full con-
version of the methyl ester groups to N-allyl amides was 
confirmed by the absence of the methyl ester peak 1H NMR 
spectrum as well as the integrals of the allyl side-chain sig-
nals and the polymer backbone. 

The SEC analysis of PNAllAm and the starting PMA is 
depicted in Figure S1. The shift towards lower retention 
times after post modification confirms the chemical trans-
formation of the polymeric chain, indicating larger hydro-
dynamic volume of the PNAllAm compared to the starting 
PMA. The presence of a minor high molecular weight frac-
tion after Dowex purification compared to the crude reac-
tion mixture might be attributed to minor coupling of allyl 
groups during the aqueous work-up of the crude polymers, 
more specifically the freeze-drying step after the Dowex 
treatment.78,79  

It is worth mentioning that during purification, the 
cloud point temperature (Tcp) (defined by the temperature 
where 50% transmittance is reached) of PNAllAm dropped 
significantly, as is displayed in Figure S2. This “salting-in” 
effect of PNAllAm in the presence of TBD may be at-
tributed to direct interactions of TBD with the polymer, 
presumably by hydrogen bonding of the guanidine moiety 
with the polymeric amide groups.80,81 In addition, with 
each heating-cooling cycle the transmittance decreased, 
indicating incomplete solubilization of the polymer during 
the cooling cycle for the polymer that still contained TBD. 
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Figure 1. 1H NMR spectrum of the purified PNAllAm recorded 
in methanol-d4.  

After the polymer was purified from TBD, the turbidim-
etry measurements in water were repeated to determine 
the lower critical solution temperature (LCST) of 
PNAllAm, revealing reversible phase transitions. Figure 
S3a shows the third heating and cooling curves of an aque-
ous PNAllAm solution for a range of concentrations reveal-
ing a gradual decrease in Tcp when increasing the concen-
tration from 5 to 40 mg/mL. When further increasing the 
polymer concentration to 60 to 100 mg/mL, the trend is re-
versed and the Tcp increases again. Figure S3b shows the 
average Tcp and clearance point temperature (Tcl) from 
three heating and cooling cycles, respectively, which 
evolve to a minimum around 50 mg/mL, indicating similar 
LCST behavior as other poly(N-alkyl acrylamide)s.49  

Both the Tcp and Tcl are in relatively good agreement for 
polymer concentrations of 5 to 40 mg/mL and with an ac-
ceptable standard deviation. However, from 60 mg/mL the 
standard deviations on the Tcp become significantly higher 
resulting in less defined Tcps, which might be attributed to 
the presence of hydrogen bonded polymer clusters at these 
higher concentrations that required a lower cooling tem-
perature, or more time to completely redissolve. Nonethe-
less, the data allow for a reliable estimation of the lower 
critical solution temperature (LCST, defined as the mini-
mum of the curve through the cloud points) for PNAllAm 
in water around 26 °C at a polymer concentration of ap-
proximately 50 mg/mL, which is close to the LCST of 
poly(N-(n-propyl) acrylamide) (PNnPAm, LCST ≈ 24 
°C)82,83 and about 6 °C  below poly(N-isopropyl acrylamide) 
(PNiPAm, LCST ≈ 32 °C).84,85 By applying molecular dy-
namics calculations to investigate NnPAm, NiPAm and N-
isopropyl methacrylate (NiPMAm) monomers and short 
oligomers, Pang and coworkers found that the difference 
in LCST between PNnPAm and PNiPAm was mainly re-
lated to the monomer side-chains.86 Considering these 
findings, the allyl groups of PNAllAm appear to be more 
closely related to the n-propyl groups and probably behave 
in a similar manner, although the sp2 hybridization of the 
alkene group introduces a larger electron density and ri-
gidity to the PNAllAm side-chains, which results in a 
slightly higher LCST for PNAllAm compared to PNnPAm. 

After successful synthesis and purification of PNAllAm, 
and with its thermoresponsive behavior in mind, we aimed 
to obtain functional hydrogels with tailored properties by 
using DTT as a crosslinker and mercaptoethanol (ME) as a 
functional thiol in a one-pot thiol-ene reaction. ME was 
specifically chosen to increase the hydrophilicity of the 
polymers and to tune the swelling properties of the final 
hydrogels. Photorheology was performed to determine the 
gel point (i.e. the time point where the storage modulus 
(G’) starts to increase) for the synthesis of the hydrogels for 
mechanical characterization. To avoid LCST related solu-
bility problems, the crosslinking of PNAllAm was per-
formed in ethanol, which after solvent exchange will yield 
the final hydrogels. All experiments were performed at a 
polymer concentration of 10 wt%, a photoinitiator amount 
of 5 mol% relative to the total amount of thiols and a DTT 
content of 5 mol% relative to the amount of allyl groups on 
the polymer, while the amount of ME was varied from 0 to 
40 mol% relative to the total amount of allyl groups. Fig-
ure 2 shows that the gel points are similar for all samples 
with ME, while the gel point of the pure PNAllAm hydrogel 
(ME0) occurs at a later time. The faster gel points of the 
ME-containing gels could possibly be explained by the sup-
pression of intramolecular coupling of DTT with the for-
mation of loops rather than effective crosslinks by addition 
of the ME units that decrease the number of available allyl-
groups. This hypothesis is supported by the observation of 
a lower gel yield for ME0 compared to the hydrogels pre-
pared with ME (Figure S4). In addition, the plateau values 
of the G’ increased up to 20 kPa with increasing ME con-
tent, which is possibly caused by the increasing amount of 
hydrogen bonds between the introduced OH groups from 
ME and the polymeric amides. Additionally, the photorhe-
ology experiment for 10 mol% ME was performed in tripli-
cate, resulting in the almost complete overlap of the G’ 
curves, indicating excellent reproducibility. 

 

Figure 2. Photorheology of PNAllAm (10 wt%) with DTT (5 
mol% to allyl groups) and mercaptoethanol (ME, 10 to 40 
mol% to allyl groups) in ethanol, the UV lamp was turned on 
after 30 seconds. The measurement with 10 mol% ME was car-
ried out in triplicate. 
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The photorheology data were used as a starting point to 
synthesize hydrogels on a larger scale, of which the reac-
tion conditions are summarized in Table 1. Across the four 
different gels, the ME content was varied from 0% to 60% 
while keeping the other parameters constant. It should be 
noted that the UV intensity for the photorheology experi-
ments was higher than for the hydrogel synthesis for me-
chanical characterization (7500 vs. 10 mW/cm2, respec-
tively), resulting in longer irradiation times to reach the 
plateau modulus in the large scale experiments. Therefore, 
the curing time for preparation of the macroscopic hydro-
gels was extended to 1 hour. 

Table 1. Sample compositions for the synthesis of 
PNAllAm gels in ethanol. The UV intensity was 10 
mW/cm2. 

Sample 

PNAllAm 

(wt% in 
EtOH) 

DTT 

(mol% to al-
lyl groups) 

ME 

(mol% to allyl 
groups) 

Initiator 

(mol% to 
thiols) 

ME0 10 5 0 5 

ME20 10 5 20 5 

ME40 10 5 40 5 

ME60 10 5 60 5 

 

After irradiation of the precursor solution in the mold, 
the gels were swollen in excess distilled water to extract re-
siduals, such as any unreacted ME, and to replace ethanol 
with water. Interestingly, the resulting water-swollen hy-
drogels with ME became semi-transparent to opaque with 
increasing ME content as visualized in Figure 3, which in-
dicates that the introduced hydroxyl groups reduced the 
overall hydrophilicity of the hydrogels, which was not an-
ticipated. This observation might be attributed to intramo-
lecular hydrogen bonding between the hydroxyl-groups 
and the amide groups in the hydrogels that compete with 
polymer hydration. Similar observations have been re-
ported for sugar-modified poly(2-oxazoline)s in which 
higher sugar side-chain content led to a decrease in Tcp.87 
This trend was confirmed by a visual estimation of the vol-
ume phase transition temperature (VPTT), which identi-
fies the temperature at which the hydrogel starts to be-
come opaque. For ME0, the Tcp was 26 °C, and decreased 
to 11 °C, 7 °C and 1 °C for ME20, ME40 and ME60, respec-
tively. The samples were fully transparent below the indi-
cated temperatures. 

 

 

Figure 3. Pictures of the hydrogels after swelling in water taken 
at room temperature, with their respective cloud point tem-
peratures (Tcp). From left to right: ME0 ME20, ME40 and 
ME60. 

Furthermore, the swelling kinetics were evaluated at 
room temperature (21 °C) according to Equation 1 by 
weighing the hydrogels after drying and subsequent swell-
ing in water (Figure 4). A significant difference in swelling 
kinetics was observed between ME0 and the other samples, 
which can be attributed to ME0 being the only sample be-
low its VPTT under the swelling conditions. Hydrogel ME0 
swelled to a higher extent and at a faster rate. While sam-
ple ME0 reached an equilibrium after about 3 hours, the 
samples that were swollen above their VPTT did not reach 
an equilibrium within the measurement time of 8 hours. 
When sample ME0 was measured at a higher temperature 
(i.e. 30 °C, above VPTT), the plateau was reached at about 
swollen weight twice lower than at 21 °C (Figure S5). 



 

 

Figure 4. The swelling kinetics of the PNAllAm hydrogels. a) 
All samples; b) zoom of samples ME20, ME40 and ME60. 

To determine the equilibrium swelling degree (ESD), the 
hydrogels were weighed after reaching equilibrium swollen 
state, and weighed again after drying in the oven at 70 °C. 
The calculated ESD of the hydrogels is depicted in Figure 
5. The ESD of ME0 was significantly higher than the mod-
ified hydrogels (i.e. ME20, ME40 and ME60), which is ex-
plained by the fact that ME0 was the only sample that was 
swollen below its VPTT, while the other hydrogels were ra-
ther in their collapsed state and therefore less capable of 
absorbing water into the network. However, the re-swell-
ing of the dried hydrogels was significantly reduced and 
might indicate further crosslinking of the hydrogel net-
works during drying at elevated temperatures, or any other 
structural changes, such as the formation of strong hydro-
gen bonds in the dry state, which can limit the access of 
water during subsequent swelling. The hydrogels should 
therefore be stored in their swollen state before use. 

 

 

Figure 5. The equilibrium swelling degree (ESD) of PNAllAm-
based hydrogels as a function of ME content. 

From the VPTT and swelling kinetics, it can be con-
cluded that an increase in ME content leads to a lower hy-
drophilicity of the polymer network, which was not antici-
pated as stated above.  

In summary, we demonstrated the synthesis of PNAllAm 
via a TBD-catalyzed amidation from PMA followed by 
acidic work-up to obtain the pure polymer. Subsequently, 
the isolated PNAllAm was successfully used for the synthe-
sis of hydrogels via thiol-ene coupling of DTT as a cross-
linker and ME as a functional thiol to obtain functional hy-
drogels in a one-pot system. Due to the low LCST of 
PNAllAm (approx. 26 °C), the crosslinking was performed 
in ethanol, after which the resulting gels were swollen in 
excess water to obtain the hydrogels. However, increased 
ME incorporation resulted in a decrease of the VPTT and 
swelling properties of the hydrogels, presumably originat-
ing from a decreased hydration due to intramolecular hy-
drogen bonding. To address this issue, the hydrophilicity 
of the functional hydrogels can be increased by introduc-
tion of charged groups, as previously demonstrated for sol-
uble PNAllAm.61 Given the wide variety of commercially 
available thiols and dithiols, a broad range of functional 
hydrogels based on PNAllAm could be synthesized by 
simply changing the reactants and their relative ratios. 

ASSOCIATED CONTENT  

Materials, instrumentation, methods and turbidimetry of 
PNAllAm before and after removal of TBD. “This material is 
available free of charge via the Internet at 
http://pubs.acs.org.”  

AUTHOR INFORMATION 

Corresponding Author 

Richard Hoogenboom − Supramolecular Chemistry Group, 
Centre of Macromolecular Chemistry (CMaC), Department 
of Organic and Macromolecular Chemistry, Ghent Univer-
sity, B-9000 Ghent, Belgium. Email: richard.hoogen-
boom@UGent.be. 

a

b

0 120 240 360 480
0.0

0.5

1.0

1.5

2.0

 ME0

 ME20

 ME40

 ME60

S
w

e
lli

n
g
 d

e
g
re

e
 (

g
/g

)

Time (min)

0 120 240 360 480
0.0

0.1

0.2

0.3

0.4

0.5

0.6

Time (min)

 ME20

 ME40

 ME60

S
w

e
lli

n
g
 d

e
g
re

e
 (

g
/g

)

0 20 40 60
0

1

2

3

4

5

6

7

0.710.750.85

E
S

D
 (

g
/g

)

ME content (mol%)

6.67



 

Present Addresses 

Yann Bernhard – University of Lorraine, CNRS, L2CM UMR 
7053, F-54506 Vandœuvre-les-Nancy, France. 
Joachim F. R. Van Guyse – Leiden Academic Centre for Drug 
Research, Leiden University, Einsteinweg 55, 2333 LC Leiden, 
the Netherlands. 

Author Contributions 

The manuscript was written through contributions of all au-
thors. / All authors have given approval to the final version of 
the manuscript. 

ACKNOWLEDGMENT  

RH acknowledges FWO and Ghent University for continuous 
financial support. 

REFERENCES 
(1)  Lee, K. Y.; Mooney, D. J. Hydrogels for Tissue Engineering. 

Chem. Rev. 2001, 101 (7), 1869–1880. 
https://doi.org/10.1021/cr000108x. 

(2)  Mantha, S.; Pillai, S.; Khayambashi, P.; Upadhyay, A.; Zhang, 
Y.; Tao, O.; Pham, H. M.; Tran, S. D. Smart Hydrogels in 
Tissue Engineering and Regenerative Medicine. Materials 
2019, 12 (20), 3323. https://doi.org/10.3390/ma12203323. 

(3)  Hoare, T. R.; Kohane, D. S. Hydrogels in Drug Delivery: 
Progress and Challenges. Polymer 2008, 49 (8), 1993–2007. 
https://doi.org/10.1016/j.polymer.2008.01.027. 

(4)  Yu, Y.; Cheng, Y.; Tong, J.; Zhang, L.; Wei, Y.; Tian, M. Recent 
Advances in Thermo-Sensitive Hydrogels for Drug Delivery. 
J. Mater. Chem. B 2021, 9 (13), 2979–2992. 
https://doi.org/10.1039/D0TB02877K. 

(5)  Zhao, F.; Bae, J.; Zhou, X.; Guo, Y.; Yu, G. Nanostructured 
Functional Hydrogels as an Emerging Platform for Advanced 
Energy Technologies. Adv. Mater. 2018, 30 (48), 1801796. 
https://doi.org/10.1002/adma.201801796. 

(6)  Guo, Y.; Bae, J.; Zhao, F.; Yu, G. Functional Hydrogels for 
Next-Generation Batteries and Supercapacitors. Trends 
Chem. 2019, 1 (3), 335–348. 
https://doi.org/10.1016/j.trechm.2019.03.005. 

(7)  Phadke, A.; Zhang, C.; Arman, B.; Hsu, C.-C.; Mashelkar, R. 
A.; Lele, A. K.; Tauber, M. J.; Arya, G.; Varghese, S. Rapid Self-
Healing Hydrogels. Proc. Natl. Acad. Sci. 2012, 109 (12), 4383–
4388. https://doi.org/10.1073/pnas.1201122109. 

(8)  Taylor, D. L.; in het Panhuis, M. Self-Healing Hydrogels. Adv. 
Mater. 2016, 28 (41), 9060–9093. 
https://doi.org/10.1002/adma.201601613. 

(9)  Appel, E. A.; del Barrio, J.; Loh, X. J.; Scherman, O. A. 
Supramolecular Polymeric Hydrogels. Chem. Soc. Rev. 2012, 
41 (18), 6195. https://doi.org/10.1039/c2cs35264h. 

(10)  Dong, R.; Pang, Y.; Su, Y.; Zhu, X. Supramolecular Hydrogels: 
Synthesis, Properties and Their Biomedical Applications. 
Biomater. Sci. 2015, 3 (7), 937–954. 
https://doi.org/10.1039/C4BM00448E. 

(11)  Voorhaar, L.; Hoogenboom, R. Supramolecular Polymer 
Networks: Hydrogels and Bulk Materials. Chem. Soc. Rev. 
2016, 45 (14), 4013–4031. 
https://doi.org/10.1039/C6CS00130K. 

(12)  Zhang, Y. S.; Khademhosseini, A. Advances in Engineering 
Hydrogels. Science 2017, 356 (6337), eaaf3627. 
https://doi.org/10.1126/science.aaf3627. 

(13)  Koetting, M. C.; Peters, J. T.; Steichen, S. D.; Peppas, N. A. 
Stimulus-Responsive Hydrogels: Theory, Modern Advances, 
and Applications. Mater. Sci. Eng. R Reports 2015, 93, 1–49. 
https://doi.org/10.1016/j.mser.2015.04.001. 

(14)  Rowley, J. A.; Madlambayan, G.; Mooney, D. J. Alginate 
Hydrogels as Synthetic Extracellular Matrix Materials. 
Biomaterials 1999, 20 (1), 45–53. 
https://doi.org/10.1016/S0142-9612(98)00107-0. 

(15)  Jeon, O.; Bouhadir, K. H.; Mansour, J. M.; Alsberg, E. 
Photocrosslinked Alginate Hydrogels with Tunable 
Biodegradation Rates and Mechanical Properties. 
Biomaterials 2009, 30 (14), 2724–2734. 
https://doi.org/10.1016/j.biomaterials.2009.01.034. 

(16)  Wang, J.; Lou, L.; Qiu, J. Super‐tough Hydrogels Using 
Ionically Crosslinked Networks. J. Appl. Polym. Sci. 2019, 136 
(44), 48182. https://doi.org/10.1002/app.48182. 

(17)  Qu, X.; Wirsén, A.; Albertsson, A. C. Novel PH-Sensitive 
Chitosan Hydrogels: Swelling Behavior and States of Water. 
Polymer 2000, 41 (12), 4589–4598. 
https://doi.org/10.1016/S0032-3861(99)00685-0. 

(18)  Ta, H. T.; Dass, C. R.; Dunstan, D. E. Injectable Chitosan 
Hydrogels for Localised Cancer Therapy. J. Control. Release 
2008, 126 (3), 205–216. 
https://doi.org/10.1016/j.jconrel.2007.11.018. 

(19)  Valmikinathan, C. M.; Mukhatyar, V. J.; Jain, A.; 
Karumbaiah, L.; Dasari, M.; Bellamkonda, R. V. 
Photocrosslinkable Chitosan Based Hydrogels for Neural 
Tissue Engineering. Soft Matter 2012, 8 (6), 1964–1976. 
https://doi.org/10.1039/C1SM06629C. 

(20)  Van Den Bulcke, A. I.; Bogdanov, B.; De Rooze, N.; Schacht, 
E. H.; Cornelissen, M.; Berghmans, H. Structural and 
Rheological Properties of Methacrylamide Modified Gelatin 
Hydrogels. Biomacromolecules 2000, 1 (1), 31–38. 
https://doi.org/10.1021/bm990017d. 

(21)  Camci-Unal, G.; Cuttica, D.; Annabi, N.; Demarchi, D.; 
Khademhosseini, A. Synthesis and Characterization of 
Hybrid Hyaluronic Acid-Gelatin Hydrogels. 
Biomacromolecules 2013, 14 (4), 1085–1092. 
https://doi.org/10.1021/bm3019856. 

(22)  Zhang, G.; Lv, L.; Deng, Y.; Wang, C. Self-Healing Gelatin 
Hydrogels Cross-Linked by Combining Multiple Hydrogen 
Bonding and Ionic Coordination. Macromol. Rapid Commun. 
2017, 38 (12), 1700018. 
https://doi.org/10.1002/marc.201700018. 

(23)  Lin-Gibson, S.; Bencherif, S.; Cooper, J. A.; Wetzel, S. J.; 
Antonucci, J. M.; Vogel, B. M.; Horkay, F.; Washburn, N. R. 
Synthesis and Characterization of PEG Dimethacrylates and 
Their Hydrogels. Biomacromolecules 2004, 5 (4), 1280–1287. 
https://doi.org/10.1021/bm0498777. 

(24)  Roberts, J. J.; Bryant, S. J. Comparison of Photopolymerizable 
Thiol-Ene PEG and Acrylate-Based PEG Hydrogels for 
Cartilage Development. Biomaterials 2013, 34 (38), 9969–
9979. https://doi.org/10.1016/j.biomaterials.2013.09.020. 

(25)  Günay, K. A.; Ceccato, T. L.; Silver, J. S.; Bannister, K. L.; 
Bednarski, O. J.; Leinwand, L. A.; Anseth, K. S. PEG–
Anthracene Hydrogels as an On‐Demand Stiffening Matrix 
To Study Mechanobiology. Angew. Chem. 2019, 131 (29), 
10017–10021. https://doi.org/10.1002/ange.201901989. 

(26)  Chirila, T. V; Constable, I. J.; Crawford, G. J.; Vijayasekaran, 
S.; Thompson, D. E.; Chen, Y.; Fletcher, W. A.; Griffin, B. J. 
Poly(2-Hydroxyethyl Methacrylate) Sponges as Implant 
Materials: In Vivo and in Vitro Evaluation of Cellular 
Invasion. Biomaterials 1993, 14 (1), 26–38. 
https://doi.org/10.1016/0142-9612(93)90072-A. 

(27)  Kubinová, Š.; Horák, D.; Syková, E. Cholesterol-Modified 
Superporous Poly(2-Hydroxyethyl Methacrylate) Scaffolds 
for Tissue Engineering. Biomaterials 2009, 30 (27), 4601–
4609. https://doi.org/10.1016/j.biomaterials.2009.05.007. 

(28)  Macková, H.; Plichta, Z.; Hlídková, H.; Sedláček, O.; Konefal, 
R.; Sadakbayeva, Z.; Dušková-Smrčková, M.; Horák, D.; 
Kubinová, Š. Reductively Degradable Poly(2-Hydroxyethyl 
Methacrylate) Hydrogels with Oriented Porosity for Tissue 
Engineering Applications. ACS Appl. Mater. Interfaces 2017, 
9 (12), 10544–10553. https://doi.org/10.1021/acsami.7b01513. 

(29)  Fumio, U.; Hiroshi, Y.; Kumiko, N.; Sachihiko, N.; Kenji, S.; 
Yasunori, M. Swelling and Mechanical Properties of 
Poly(Vinyl Alcohol) Hydrogels. Int. J. Pharm. 1990, 58 (2), 
135–142. https://doi.org/10.1016/0378-5173(90)90251-X. 

(30)  Zhang, H.; Xia, H.; Zhao, Y. Poly(Vinyl Alcohol) Hydrogel 



 

Can Autonomously Self-Heal. ACS Macro Lett. 2012, 1 (11), 
1233–1236. https://doi.org/10.1021/mz300451r. 

(31)  Nurpeissova, Z. A.; Alimkhanova, S. G.; Mangazbayeva, R. A.; 
Shaikhutdinov, Y. M.; Mun, G. A.; Khutoryanskiy, V. V. 
Redox- and Glucose-Responsive Hydrogels from Poly(Vinyl 
Alcohol) and 4-Mercaptophenylboronic Acid. Eur. Polym. J. 
2015, 69, 132–139. 
https://doi.org/10.1016/j.eurpolymj.2015.06.003. 

(32)  Dargaville, T. R.; Forster, R.; Farrugia, B. L.; Kempe, K.; 
Voorhaar, L.; Schubert, U. S.; Hoogenboom, R. Poly(2-
Oxazoline) Hydrogel Monoliths via Thiol-Ene Coupling. 
Macromol. Rapid Commun. 2012, 33 (19), 1695–1700. 
https://doi.org/10.1002/marc.201200249. 

(33)  Farrugia, B. L.; Kempe, K.; Schubert, U. S.; Hoogenboom, R.; 
Dargaville, T. R. Poly(2-Oxazoline) Hydrogels for Controlled 
Fibroblast Attachment. Biomacromolecules 2013, 14 (8), 
2724–2732. https://doi.org/10.1021/bm400518h. 

(34)  Dargaville, T. R.; Park, J.-R.; Hoogenboom, R. Poly(2-
Oxazoline) Hydrogels: State-of-the-Art and Emerging 
Applications. Macromol. Biosci. 2018, 18 (6), 1800070. 
https://doi.org/10.1002/mabi.201800070. 

(35)  Dargaville, T. R.; Harkin, D. G.; Park, J.; Cavalcanti, A.; Bolle, 
E. C. L.; Savi, F. M.; Farrugia, B. L.; Monnery, B. D.; Bernhard, 
Y.; Van Guyse, J. F. R.; Podevyn, A.; Hoogenboom, R. Poly(2-
Allylamidopropyl-2-Oxazoline)-Based Hydrogels: From 
Accelerated Gelation Kinetics to In Vivo Compatibility in a 
Murine Subdermal Implant Model. Biomacromolecules 2021, 
22 (4), 1590–1599. 
https://doi.org/10.1021/acs.biomac.1c00046. 

(36)  Li, W.; Zhao, H.; Teasdale, P. .; John, R.; Zhang, S. Synthesis 
and Characterisation of a Polyacrylamide–Polyacrylic Acid 
Copolymer Hydrogel for Environmental Analysis of Cu and 
Cd. React. Funct. Polym. 2002, 52 (1), 31–41. 
https://doi.org/10.1016/S1381-5148(02)00055-X. 

(37)  Tuson, H. H.; Renner, L. D.; Weibel, D. B. Polyacrylamide 
Hydrogels as Substrates for Studying Bacteria. Chem. 
Commun. 2012, 48 (10), 1595–1597. 
https://doi.org/10.1039/C1CC14705F. 

(38)  Li, J.; Illeperuma, W. R. K.; Suo, Z.; Vlassak, J. J. Hybrid 
Hydrogels with Extremely High Stiffness and Toughness. 
ACS Macro Lett. 2014, 3 (6), 520–523. 
https://doi.org/10.1021/mz5002355. 

(39)  Jerca, F. A.; Anghelache, A. M.; Ghibu, E.; Cecoltan, S.; 
Stancu, I.-C.; Trusca, R.; Vasile, E.; Teodorescu, M.; Vuluga, 
D. M.; Hoogenboom, R.; Jerca, V. V. Poly(2-Isopropenyl-2-
Oxazoline) Hydrogels for Biomedical Applications. Chem. 
Mater. 2018, 30 (21), 7938–7949. 
https://doi.org/10.1021/acs.chemmater.8b03545. 

(40)  Jerca, F. A.; Jerca, V. V.; Hoogenboom, R. In Vitro 
Assessment of the Hydrolytic Stability of Poly(2-
Isopropenyl-2-Oxazoline). Biomacromolecules 2021, 22 (12), 
5020–5032. https://doi.org/10.1021/acs.biomac.1c00994. 

(41)  Kopka, B.; Kost, B.; Rajkowska, K.; Pawlak, A.; Kunicka-
Styczyńska, A.; Biela, T.; Basko, M. A Simple Strategy for 
Efficient Preparation of Networks Based on Poly(2-
Isopropenyl-2-Oxazoline), Poly(Ethylene Oxide), and 
Selected Biologically Active Compounds: Novel Hydrogels 
with Antibacterial Properties. Soft Matter 2021, 17 (47), 
10683–10695. https://doi.org/10.1039/D1SM01066B. 

(42)  Kopka, B.; Kost, B.; Basko, M. Poly(2-Isopropenyl-2-
Oxazoline) as a Reactive Polymer for Materials 
Development. Polym. Chem. 2022, 13 (33), 4736–4746. 
https://doi.org/10.1039/D2PY00660J. 

(43)  Algi, M. P.; Okay, O. Highly Stretchable Self-Healing 
Poly(N,N-Dimethylacrylamide) Hydrogels. Eur. Polym. J. 
2014, 59, 113–121. 
https://doi.org/10.1016/j.eurpolymj.2014.07.022. 

(44)  Mugemana, C.; Grysan, P.; Dieden, R.; Ruch, D.; Bruns, N.; 
Dubois, P. Self‐Healing Metallo‐Supramolecular 
Amphiphilic Polymer Conetworks. Macromol. Chem. Phys. 
2020, 221 (4), 1900432. 

https://doi.org/10.1002/macp.201900432. 
(45)  Wei, H.; Zhang, X. Z.; Cheng, H.; Chen, W. Q.; Cheng, S. X.; 

Zhuo, R. X. Self-Assembled Thermo- and PH Responsive 
Micelles of Poly(10-Undecenoic Acid-b-N-
Isopropylacrylamide) for Drug Delivery. J. Control. Release 
2006, 116 (3), 266–274. 
https://doi.org/10.1016/j.jconrel.2006.08.018. 

(46)  Zhou, X.; Zhao, Y.; Chen, S.; Han, S.; Xu, X.; Guo, J.; Liu, M.; 
Che, L.; Li, X.; Zhang, J. Self-Assembly of PH-Responsive 
Microspheres for Intestinal Delivery of Diverse Lipophilic 
Therapeutics. Biomacromolecules 2016, 17 (8), 2540–2554. 
https://doi.org/10.1021/acs.biomac.6b00512. 

(47)  Jochum, F. D.; Theato, P. Temperature- and Light-
Responsive Polyacrylamides Prepared by a Double Polymer 
Analogous Reaction of Activated Ester Polymers. 
Macromolecules 2009, 42 (16), 5941–5945. 
https://doi.org/10.1021/ma900945s. 

(48)  Jochum, F. D.; Forst, F. R.; Theato, P. PNIPAM Copolymers 
Containing Light-Responsive Chromophores: A Method 
toward Molecular Logic Gates. Macromol. Rapid Commun. 
2010, 31 (16), 1456–1461. 
https://doi.org/10.1002/marc.201000146. 

(49)  Liu, H. Y.; Zhu, X. X. Lower Critical Solution Temperatures 
of N-Substituted Acrylamide Copolymers in Aqueous 
Solutions. Polymer 1999, 40 (25), 6985–6990. 
https://doi.org/10.1016/S0032-3861(98)00858-1. 

(50)  Jia, Y.-G.; Zhu, X. X. Complex Thermoresponsive Behavior of 
Diblock Polyacrylamides. Polym. Chem. 2014, 5 (14), 4358–
4364. https://doi.org/10.1039/C4PY00036F. 

(51)  Chen, S.; Zhang, Y.; Wang, K.; Zhou, H.; Zhang, W. N-Ester-
Substituted Polyacrylamides with a Tunable Lower Critical 
Solution Temperature (LCST): The N-Ester-Substitute 
Dependent Thermoresponse. Polym. Chem. 2016, 7 (21), 
3509–3519. https://doi.org/10.1039/C6PY00515B. 

(52)  Baert, M.; Wicht, K.; Hou, Z.; Szucs, R.; Prez, F. Du; Lynen, 
F. Exploration of the Selectivity and Retention Behavior of 
Alternative Polyacrylamides in Temperature Responsive 
Liquid Chromatography. Anal. Chem. 2020, 92 (14), 9815–
9822. https://doi.org/10.1021/acs.analchem.0c01321. 

(53)  Theato, P.; Klok, H. A. Functional Polymers by Post-
Polymerization Modification; Theato, P., Klok, H.-A., Eds.; 
Wiley-VCH: Weinheim, Germany, 2013. 
https://doi.org/10.1002/9783527655427. 

(54)  Günay, K. A.; Theato, P.; Klok, H. A. Standing on the 
Shoulders of Hermann Staudinger: Post-Polymerization 
Modification from Past to Present. J. Polym. Sci. Part A 
Polym. Chem. 2013, 51 (1), 1–28. 
https://doi.org/10.1002/pola.26333. 

(55)  Blasco, E.; Sims, M. B.; Goldmann, A. S.; Sumerlin, B. S.; 
Barner-Kowollik, C. 50th Anniversary Perspective : Polymer 
Functionalization. Macromolecules 2017, 50 (14), 5215–5252. 
https://doi.org/10.1021/acs.macromol.7b00465. 

(56)  Kawai, W. Polymerizations of Some Diene Monomers. 
Preparations and Polymerizations of Vinyl Methacrylate, 
Allyl Methacrylate, N-Allylacrylamide, and N-
Allylmethacrylamide. J. Polym. Sci. Part A-1 Polym. Chem. 
1966, 4 (5), 1191–1201. 
https://doi.org/10.1002/pol.1966.150040518. 

(57)  Trossarelli, L.; Guaita, M.; Priola, A. Free Radical 
Polymerization of Unconjugated Dienes III: N-
Allylacrylamide in Methanol. Macromol. Chem. 1967, 100 (1), 
147–155. https://doi.org/10.1002/macp.1967.021000116. 

(58)  Trossarelli, L.; Guaita, M.; Priola, A. Some Remarks on the 
Free-Radical Polymerization of Diene Monomers. Allyl 
Methacrylate, N-Allylacrylamide, and N-
Allylmethacrylamide. J. Polym. Sci. Part B Polym. Lett. 1967, 
5 (2), 129–130. https://doi.org/10.1002/pol.1967.110050201. 

(59)  Ferruti, P.; Bettelli, A.; Feré, A. High Polymers of Acrylic and 
Methacrylic Esters of N-Hydroxysuccinimide as 
Polyacrylamide and Polymethacrylamide Precursors. 
Polymer 1972, 13 (10), 462–464. https://doi.org/10.1016/0032-



 

3861(72)90084-5. 
(60)  Larsen, M. B.; Herzog, S. E.; Quilter, H. C.; Hillmyer, M. A. 

Activated Polyacrylamides as Versatile Substrates for 
Postpolymerization Modification. ACS Macro Lett. 2018, 7 
(1), 122–126. https://doi.org/10.1021/acsmacrolett.7b00896. 

(61)  Lou, J.; Friedowitz, S.; Qin, J.; Xia, Y. Tunable Coacervation 
of Well-Defined Homologous Polyanions and Polycations by 
Local Polarity. ACS Cent. Sci. 2019, 5 (3), 549–557. 
https://doi.org/10.1021/acscentsci.8b00964. 

(62)  Van Guyse, J. F. R.; Verjans, J.; Vandewalle, S.; De Bruycker, 
K.; Du Prez, F. E.; Hoogenboom, R. Full and Partial 
Amidation of Poly(Methyl Acrylate) as Basis for Functional 
Polyacrylamide (Co)Polymers. Macromolecules 2019, 52 (14), 
5102–5109. https://doi.org/10.1021/acs.macromol.9b00399. 

(63)  von der Ehe, C.; Czaplewska, J. A.; Gottschaldt, M.; Schubert, 
U. S. Synthesis of Thermoresponsive Glycopolymers via 
ATRP of N-Isopropylacrylamide and N-Allylacrylamide and 
Subsequent Thiol–Ene Reaction. Eur. Polym. J. 2013, 49 (9), 
2660–2669. https://doi.org/10.1016/j.eurpolymj.2013.03.025. 

(64)  Hoogenboom, R. Thiol-Yne Chemistry: A Powerful Tool for 
Creating Highly Functional Materials. Angew. Chem. Int. Ed. 
2010, 49 (20), 3415–3417. 
https://doi.org/10.1002/anie.201000401. 

(65)  Hoyle, C. E.; Bowman, C. N. Thiol-Ene Click Chemistry. 
Angew. Chem. Int. Ed. 2010, 49 (9), 1540–1573. 
https://doi.org/10.1002/anie.200903924. 

(66)  Lowe, A. B. Thiol–Ene “Click” Reactions and Recent 
Applications in Polymer and Materials Synthesis: A First 
Update. Polym. Chem. 2014, 5 (17), 4820–4870. 
https://doi.org/10.1039/C4PY00339J. 

(67)  Beria, L.; Gevrek, T. N.; Erdog, A.; Sanyal, R.; Pasini, D.; 
Sanyal, A. ‘Clickable’ Hydrogels for All: Facile Fabrication 
and Functionalization. Biomater. Sci. 2014, 2 (1), 67–75. 
https://doi.org/10.1039/C3BM60171D. 

(68)  Cengiz, N.; Gevrek, T. N.; Sanyal, R.; Sanyal, A. Orthogonal 
Thiol–Ene ‘Click’ Reactions: A Powerful Combination for 
Fabrication and Functionalization of Patterned Hydrogels. 
Chem. Commun. 2017, 53 (63), 8894–8897. 
https://doi.org/10.1039/C7CC02298K. 

(69)  McOscar, T. V. C.; Gramlich, W. M. Hydrogels from 
Norbornene-Functionalized Carboxymethyl Cellulose Using 
a UV-Initiated Thiol-Ene Click Reaction. Cellulose 2018, 25 
(11), 6531–6545. https://doi.org/10.1007/s10570-018-2015-9. 

(70)  Das, A.; Theato, P. Activated Ester Containing Polymers: 
Opportunities and Challenges for the Design of Functional 
Macromolecules. Chem. Rev. 2016, 116 (3), 1434–1495. 
https://doi.org/10.1021/acs.chemrev.5b00291. 

(71)  Hou, Q.; Zhen, M.; Qian, H.; Nie, Y.; Bai, X.; Xia, T.; Laiq Ur 
Rehman, M.; Li, Q.; Ju, M. Upcycling and Catalytic 
Degradation of Plastic Wastes. Cell Reports Phys. Sci. 2021, 2 
(8), 100514. https://doi.org/10.1016/j.xcrp.2021.100514. 

(72)  Kakuchi, R.; Wongsanoh, K.; Hoven, V. P.; Theato, P. 
Activation of Stable Polymeric Esters by Using Organo‐
activated Acyl Transfer Reactions. J. Polym. Sci. Part A 
Polym. Chem. 2014, 52 (9), 1353–1358. 
https://doi.org/10.1002/pola.27124. 

(73)  Ogura, Y.; Terashima, T.; Sawamoto, M. Terminal-Selective 
Transesterification of Chlorine-Capped Poly(Methyl 
Methacrylate)s: A Modular Approach to Telechelic and 
Pinpoint-Functionalized Polymers. J. Am. Chem. Soc. 2016, 
138 (15), 5012–5015. https://doi.org/10.1021/jacs.6b01239. 

(74)  Fleischmann, C.; Anastasaki, A.; Gutekunst, W. R.; McGrath, 

A. J.; Hustad, P. D.; Clark, P. G.; Laitar, D. S.; Hawker, C. J. 
Direct Access to Functional (Meth)Acrylate Copolymers 
through Transesterification with Lithium Alkoxides. J. 
Polym. Sci. Part A Polym. Chem. 2017, 55 (9), 1566–1574. 
https://doi.org/10.1002/pola.28524. 

(75)  Easterling, C. P.; Kubo, T.; Orr, Z. M.; Fanucci, G. E.; 
Sumerlin, B. S. Synthetic Upcycling of Polyacrylates through 
Organocatalyzed Post-Polymerization Modification. Chem. 
Sci. 2017, 8 (11), 7705–7709. 
https://doi.org/10.1039/c7sc02574b. 

(76)  Van Guyse, J. F. R.; Bernhard, Y.; Hoogenboom, R. 
Stoichiometric Control over Partial Transesterification of 
Polyacrylate Homopolymers as Platform for Functional 
Copolyacrylates. Macromol. Rapid Commun. 2020, 41 (19), 
2000365. https://doi.org/10.1002/marc.202000365. 

(77)  Van Guyse, J. F. R.; Leiske, M. N.; Verjans, J.; Bernhard, Y.; 
Hoogenboom, R. Accelerated Post‐Polymerization 
Amidation of Polymers with Side‐Chain Ester Groups by 
Intramolecular Activation. Angew. Chem. Int. Ed. 2022, 61 
(29). https://doi.org/10.1002/anie.202201781. 

(78)  Takemoto, H.; Miyata, K.; Ishii, T.; Hattori, S.; Osawa, S.; 
Nishiyama, N.; Kataoka, K. Accelerated Polymer–Polymer 
Click Conjugation by Freeze–Thaw Treatment. Bioconjug. 
Chem. 2012, 23 (8), 1503–1506. 
https://doi.org/10.1021/bc300182y. 

(79)  Kato, S.; Aoki, D.; Otsuka, H. Postmodification of Polymer 
Networks via the Freezing-Induced Generation of Radicals. 
ACS Appl. Polym. Mater. 2021, 3 (2), 594–598. 
https://doi.org/10.1021/acsapm.0c01195. 

(80)  Zhang, Y.; Furyk, S.; Bergbreiter, D. E.; Cremer, P. S. Specific 
Ion Effects on the Water Solubility of Macromolecules: 
PNIPAM and the Hofmeister Series. J. Am. Chem. Soc. 2005, 
127 (41), 14505–14510. https://doi.org/10.1021/ja0546424. 

(81)  Du, H.; Wickramasinghe, S. R.; Qian, X. Specificity in 
Cationic Interaction with Poly( N -Isopropylacrylamide). J. 
Phys. Chem. B 2013, 117 (17), 5090–5101. 
https://doi.org/10.1021/jp401817h. 

(82)  Inomata, H.; Goto, S.; Saito, S. Phase Transition of N-
Substituted Acrylamide Gels. Macromolecules 1990, 23 (22), 
4887–4888. https://doi.org/10.1021/ma00224a023. 

(83)  Ito, D.; Kubota, K. Thermal Response of Poly(N-n-
Propylacrylamide). Polym. J. 1999, 31 (3), 254–257. 
https://doi.org/10.1295/polymj.31.254. 

(84)  Winnik, F. M. Fluorescence Studies of Aqueous Solutions of 
Poly(N-Isopropylacrylamide) below and above Their LCST. 
Macromolecules 1990, 23 (1), 233–242. 
https://doi.org/10.1021/ma00203a040. 

(85)  Schild, H. G. Poly(N-Isopropylacrylamide): Experiment, 
Theory and Application. Prog. Polym. Sci. 1992, 17 (2), 163–
249. https://doi.org/10.1016/0079-6700(92)90023-R. 

(86)  Pang, J.; Yang, H.; Ma, J.; Cheng, R. Understanding Different 
LCST Levels of Poly(N-Alkylacrylamide)s by Molecular 
Dynamics Simulations and Quantum Mechanics 
Calculations. J. Theor. Comput. Chem. 2011, 10 (03), 359–370. 
https://doi.org/10.1142/S0219633611006505. 

(87)  Kempe, K.; Neuwirth, T.; Czaplewska, J.; Gottschaldt, M.; 
Hoogenboom, R.; Schubert, U. S. Poly(2-Oxazoline) 
Glycopolymers with Tunable LCST Behavior. Polym. Chem. 
2011, 2 (8), 1737. https://doi.org/10.1039/c1py00099c. 

 

 



 

 

9 

Insert Table of Contents artwork here 

 

 

 


