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precise synthetic methodology of the acrylamide polymers is required.  

 

 

Figure 1-1. An illustration of thermal phase transition for thermoresponsive polymer and the 

representative thermoresponsive acrylamide polymers 

 

1.2. Controlled/living polymerization method for acrylamide monomers 

Since Szwarc et al. first reported the living anionic polymerization of styrene in 1956,15,16 the 

controlled/living polymerization methods including radical, anionic, cationic, and coordination 

polymerizations, have been developed to synthesize well-controlled polymers in terms of their 

molecular weight and molecular weight distributions, applicable monomer, copolymer synthesis, 

and control of the primary structure.17-22 The controlled/living polymerization of polar vinyl 

monomers, such as (meth)acrylates, has been established using radical, anionic, and coordination 

polymerization methods since the late 1980s to early 1990s.17,20,22 On the other hand, the synthesis 

of a well-controlled acrylamide polymer using the controlled/living polymerization had not been 

achieved until the late 1990s due to the high reactivity of the acrylamide monomer. 
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Scheme 1-1. Representative controlled/living radical polymerization for acrylamide monomer 

 

 

1.2.2. Controlled/l iving anionic polymerization 

Although the CRP methods have been widely used for synthesizing various types of acrylamide 

polymers, anionic polymerization is still the most reliable method to synthesize such polymers 

with well-controlled molecular weights, low PDIs, and fidelity of the primary structure. For the 

synthesis of the acrylamide polymers using the anionic polymerization method, Hogen et al. first 

revealed that initiating systems, such as (triphenylmethyl)cesium or cesium naphthalenide, were 

suitable for the polymerization of N,N-dimethlacrylamide (DMAAm), which afforded the 

monodispersed PDMAAm with a low PDI.33 Nakahama and Ishizone et al. have successfully 
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expanded the applicable acrylamide monomers to DMAA m,34-36 N,N-diethylacrylamide 

(DEAAm),35-38 N,N-di-n-propylacrylamide (DnPAAm),36 N-ethylmethylacrylamide (EMAAm),36 

N-acryloylpyrrolidine (APY),36 N-acryloylpiperidine (API),36 N-acryloylmorpholine (NAM),36 N-

acryloyl-2-methylaziridine,39 N-acryloylazetidine,39 and N-methoxymethyl-N-isopropylacryl-

amide,40 using the combination of a strong nucleophile, such as diphenylmethyl potassium as the 

initiator, and weak Lewis acids of triethylborane (Et3B) and triethylzinc (Et3Zn) as additives 

(Scheme 1-2). However, broadening the application by anionic polymerization has still been a 

challenging task due to the difficulty of anionic polymerization involving severe polymerization 

conditions and limitation of the initiating system. 

 

Scheme 1-2. Anionic polymerization of acrylamide monomers 
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1.4. Objectives and outline of this thesis 

As already described, the acrylamide polymer is a sort of functional material leading to 

various applications due to the variable properties related to its N-substituents. Among the 

acrylamide polymers, those with moderately bulky N-substituents show a temperature-dependent 

reversible solubility in aqueous media, that is, one of the thermoresponsive polymers. For accurate 

evaluation of the inherent thermoresponsive properties of the polymers and control for the desired 

property, controlled/living polymerization techniques for the preparation of well-defined 

acrylamide polymers with controlled molecular weights, narrow polydispersities, and no 

structural defects, have been highly required, though they have been extensively used for other 

polar vinyl monomers, such as methacrylates and acrylates. 

The recent progress in the GTP using an organocatalyst, a class of controlled/living 

polymerizations, has enabled reseachers to synthesize PDMAAm. Although this organocatalyzed-

GTP has been expected to have a great potential for preparing various acrylamide polymers, the 

synthesis of the acrylamide polymer using GTP has been limited to a few papers. Thus, this thesis 

will focus on the development of a powerful GTP method, aiming to establish the initiating system 

of GTP for the acrylamide monomer, expand the applicable monomer, and control the primary 

structure. 

 

The following is an outline of this thesis. 

Chapter 2 describes the GTP of DAAm using various combinations of organic acids and silyl 

ketene acetals (SKAs) for establishing an efficient initiating system to synthesize acrylamide 

polymers (Scheme 1-7). Among the candidates for the catalyst and the initiator, the combination 

of tris(pentafluorophenyl)borane (B(C6F5)3) and 1-methoxy-1-(triethylsiloxy)-2-methyl-1-

propene (SKAEt) afforded a relatively better control over the molecular weight distribution. The 
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2.1. Introduction   

Polyacrylamides are a one of important polymer materials for industrial applications, such as 

flocculants,1 viscosifiers for oil recovery, and subdermal fillers for aesthetic facial surgery. 2 

Although most of the industrial polyacrylamide products have been undoubtedly prepared by 

conventional radical polymerizations, the precise, efficient, and green synthesis of such 

polyacrylamides is still an interesting subject from the viewpoint of polymer synthesis. The living 

polymerization of various acrylamides has been achieved by the living/controlled radical 

polymerizations (CRPs), such as atom transfer radical polymerization,3,4 nitroxide-mediated 

radical polymerization, 5 and reversible addition-fragmentation chain transfer (RAFT) 

polymerization, 6-8 or anionic polymerization. These CRPs are applicable to acrylamide, N-

monosubstituted acrylamide, and N,N-disubstituted acrylamide (DAAm) except for those bearing 

radical-sensitive groups, such as N-allyl acrylamide and N-2-thioethyl acrylamide. On the other 

hand, anionic polymerization is only suitable for DAAs without any anion-sensitive groups 

though applicable DAAms are limited to N,N-dimethylacrylamide (DMAAm),9-11 N,N-

diethylacrylamide (DEAAm),10-13 N,N-di-n-propylacrylamide (DnPAAm),11 N-

ethylmethylacrylamide (EMAAm),11 N-acryloylpyrrolidine (APY),11 N-acryloylpiperidine 

(API),11 N-acryloylmorpholine (NAM),11 N-acryloyl-2-methylaziridine,14 N-acryloylazetidine,15 

N-methoxymethyl-N-isopropylacryl-amide,16 N-propyl-N-(3-triisopropoxysilylpropyl)acryl-

amide,17 and N-propyl-N-(3-triethoxysilylpropyl)-acrylamide.17 Nevertheless, the anionic 

polymerization of DAAm is still the most reliable method for the precise synthesis of the 

structurally defect-free acrylamide polymers because the CRPs inevitably cause side reactions 

due to radical transfers. Hence, the author turned our attention to the GTP, one of the anionic 

polymerization methods, which is principally suitable for acrylic monomers.18-21 The living 
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the growing polymer chain-end could not initiate the GTP of the methacrylate and acrylate 

monomers. Thus, the comprehensive study for the GTP of DAAm coupled with available 

organocatalysts and initiator design is still one of the challenging and remaining tasks in GTP 

chemistry.  

In this chapter, the author describes the new efficient combinations of organic acids and SKAs 

for the GTPs of various DAAms, as shown in Scheme 2-1. This study describes: (1) the evaluation 

of the combinations of organic acids and SKAs for the GTP of DEAAm, (2) the investigation of 

the livingness and mechanism of the B(C6F5)3-catalyzed GTP of DAAms, (3) the monomer 

expansion, and (4) the synthesis of polyacrylamide-b-polyacrylamide homo and 

polymethacrylate-b-polyacrylamide hetero block copolymers. 

 

Scheme 2-1. Syntheses of homo acrylamide polymers, homo acrylamide block copolymers, 

and hetero block copolymers by organic acid-catalyzed group transfer polymerization 

method. 
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acid-catalyzed GTP were better controlled. Given that the t-Bu-P4-catalyzed GTP 

proceeding through the dissociative mechanism, in which the active species was an enolate 

anion conjugating with a carbanion, was rather similar to the conventional anionic 

polymerization, the propagating ends of the enolate anions were so reactive that they 

readily caused side reactions or termination reactions which led to broad molecular weight 

distributions (MWDs) or no polymerization. Kakuchi and coworkers reported that the 

GTPs of acrylates, such as methyl acrylate and n-butyl acrylate, using the acidic catalysts 

smoothly proceeded in a quantitative monomer conversion by optimizing the bulkiness of 

the silyl group of the employed SKA, in which SKAiPr was found to be the most effective 

initiator for preparing the corresponding well-defined polymers.34 In this study, all the 

acid-catalyzed GTPs of DEAAm were completed with quantitative monomer consumption 

within the set polymerization times except for the B(C6F5)3-catalyzed polymerization using 

SKAiPr. The acid-catalyzed polymerizations using SKAMe and SKAPh (runs 2-5, 2-8, 2-9, 

2-12, 2-13 and 2-16) afforded broad MWDs as Mw/Mns >1.22 and those using SKAiPr (runs 

2-7 and 2-11) produced PDEAAms with MWDs of 1.19. In contrast, the polymerizations 

using SKAEt with a moderately bulky silyl group produced the most narrowly-distributed 

PDEAAms, among which the B(C6F5)3-catalyzed polymerization afforded the narrowest 

MWD. The number-averaged molecular weights (Mn,SECs) of these resulting PDEAAms 

were estimated using size exclusion chromatography based on PMMA standards due to 

the lack of appropriate PDEAAm standards, meaning that the Mn,SEC values should be 

slightly deviated from the exact values. In this study, we mainly used the MWD as the 

evaluating criterion and thus selected B(C6F5)3 as the catalyst for the following 

polymerizations due to its operating convenience, unless otherwise instructed. 
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Figure 2-6. 1H NMR spectra of (a) PDEAAm, (b) PDMAAm, (c) PDnPAAm, (d) PAPI, (e) 
PNAM, (f) PMMEAA m, (g) PBMEAAm, (h) PDAlAAm, and (i) PMPAAm in CDCl3. 
(Theoretical DP, 25) 
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Figure 2-7. MALDI -TOF MS spectra of (a) PDMAAm, (b) PDnPAAm, (c) PAPI, (d) PNAM, (e) 

PMMEAA m, (f) PBMEAAm, (g) PDAlAAm, and (h) PMPAAm. (Theoretical DP for each 

polymer, 25) 
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2.3.5. Synthesis of acrylamide homo diblock copolymer by the B(C6F5)3-catalyzed 

GTP. The living nature of the B(C6F5)3-catalyzed GTP of DAAm was also used to prepare 

acrylamide diblock copolymers. DMAA m and DAlAA m were used for the block 

copolymerization with DEAAm by a sequential monomer addition method. Table 2-4 

summarizes the polymerization results, and Figure 2-9 shows the SEC traces of resulting 

products. Twenty-five equivalents of the first monomer were quantitatively polymerized 

to produce the first-stage polymer product, after which 50 equivalents of the second 

monomer were added to continue the polymerization, leading to producing the acrylamide 

diblock copolymers. For all the polymerizations, the monomers were fully consumed in 

the fixed time no matter during which polymerization stage. The polymerizations of 

DEAAm with DMAA m and DAlAA m produced the corresponding diblock copolymers of 

PDEAAm-b-PDMAAm and PDEAAm-b-PDAlAAm, respectively. In addition, the same 

diblock copolymers could also be obtained by changing the addition order of the 

acrylamide monomers. The resulting PDEAAm-b-PDMAAms had relatively broad 

MWDs, while the PDEAAm-b-PDAlAAm s had MWDs narrower than 1.17. As already 

mentioned, PDEAAm, PDMAAm, and PDAlAAm are thermoresponsive, water-soluble, 

and reactive acrylamide polymers. Therefore, these diblock copolymers are expected to 

have unique properties.  
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2.3.6. Synthesis of hetero diblock copolymer by the Lewis acid-catalyzed GTP. Given 

the fact that a SKA initiator has been applicable for the Lewis acid-catalyzed GTPs of both 

methacrylate and acrylamide monomers, we then attempted the synthesis of hetero-block 

copolymers composed of methacrylate and acrylamide blocks by the sequential GTP 

method. Twenty-five equivalents of MMA  were first completely polymerized; afterwards, 

50 equivalents of a DAAm monomer (DEAAm, DAlAA m, or NAM) were added to 

continue the second-stage polymerization. The block copolymerization under the reverse 

addition of MMA and a DAAm monomer did not work because the first polymerization of 

an acrylamide monomer produces a PDAAm bearing a silyl ketene aminal (SKAm) as the 

living end, which has been known not to initiate the polymerization of a methacrylate 

monomer. The block copolymerization of MMA and DEAAm (run 2-29, Table 2-5) was 

first undergone using B(C6F5)3 as the catalyst. However, the second-stage polymerization 

of DEAAm did not proceed at all though the first-stage polymerization of MMA was fairly 

successful, probably because the large amount of B(C6F5)3 required by GTP of MMA 

stopped the polymerization of DEAAm. To solve this problem, C6F5CHTf2 and Me3SiNTf2 

with a much higher acidity than B(C6F5)3 were then used. The block copolymerizations 

(runs 2-30~35, Table 2-5) afforded quantitative monomer conversions for both the MMA 

and DAAm monomers and perfect molecular weight control of the PMMAs were obtained 

in the first-stage polymerizations. The initiation efficiencies of the first-stage 

polymerizations of MMA estimated from the Mn,calcd./Mn.SECs were extremely close to 

100%. However, the sequential polymerization of a DAAm monomer afforded mixed 

polymer products as confirmed by the SEC measurements in Figure 2-10, of which one 

trace points to the hetero-block copolymer of PMMA-b-PDAAm and the other to the 

unreacted PMMAm. For example, the C6F5CHTf2-catalyzed block copolymerization of 
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Figure 2-11. MALDI -TOF MS spectrum of the PMMA residue obtained from the low molecular weight 

part of run 2-31 shown in Figure 2-10(b) (dashed line) after purification by preparative SEC. 

 

 

Figure 2-12. 1H NMR spectrum of the obtained block copolymer from run 2-35 in CDCl3 (400 

MHz). 
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Scheme 2-3. A schematic diagram for the diblock GTP of MMA and DAAm. 

 

2.4. Conclusions 

Various combinations of acidic organocatalysts (Me3SiNTf2, C6F5CHTf2, and B(C6F5)3) 

and SKAs (SKAMe, SKAEt, SKAiPr, and SKAPh) were proven to be significantly efficient 

for the GTPs of DEAAm to produce well-defined PDEAAms, among which the 

polymerization using B(C6F5)3 and SKAEt showed a relatively better control over the 

molecular weight distribution. The B(C6F5)3-catalyzed GTP using SKAEt was applicable 

to various DAAms including the water-soluble, thermoresponsive, and reactive ones. All 

the B(C6F5)3-catalyzed polymerizations showed an obvious induction period of tens of 

minutes, after which it proceeded as a zero-order reaction in a living fashion. The 

occurrence of the induction period was clearly attributed to the structural mismatch 

between the SKA and DAAm. In addition, the initiation and propagation rates of a DAAm 

were significantly dependent on its N-disubstituents and the balance between them was the 

key factor for well controlling the polymerization, i.e., the GTPs of API, NAM, BMEAAm, 

and DAlAA m with relatively bulky substituents were well-controlled due to the good 

balance of the initiation and propagation rates, while those of DMAAm, DEAAm, 
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DnPAAm, and MMEAA m with less bulky substituents had worse polymerization control. 

Acrylamide polymers with an average DP of no more than 200 could be synthesized by 

the B(C6F5)3-catalyzed GTP method. The livingness of the polymerization system was 

suitable for synthesizing homo block copolymers composed of different acrylamide blocks 

and hetero block copolymers of PMMA-b-PDAAm by the sequential GTP method. 

Importantly, it has been shown for the first time that a perfect hetero-block copolymer of 

PMMA-b-PNAM could be synthesized by selecting the reactivity-matched comonomers 

of MMA and NAM using the combination of the much stronger Lewis acid catalyst, 

Me3SiNTf2, and SKAMe. This information is crucially helpful for designing the well-

defined hetero-block copolymers, which are currently under investigation. As an 

expectation, these resulting homo acrylamide polymers, homo block acrylamide 

copolymers, and hetero block copolymers in this study are applicable for various purposes 

such as polymer electrolytes, smart polymer materials, and flocculating agents. This study 

has provided significant progress in the organocatalyzed GTP of DAAms and is expected 

to help polymer chemists in designing new acrylamide polymers. 
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Chapter 3 
 

Synthesis and Thermoresponsive Property of 
Linear, Cyclic, and Star-shaped Poly(N,N-

diethylacrylamide)s Using B(C6F5)3-catalyzed  
Group Transfer Polymerization  

as Facile End-functionalization Method 
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Figure 3-1. 1H NMR spectra of functional silyl ketene aminal, (a) F1-SKAm, (b) F2-SKAm, and 

(c) F3-SKAm (upper) and their NOE difference spectra; irradiation of CH3-CH=C- (b, 1.51-1.52 

ppm) (middle) and irradiation of CH3-CH=C- (c, 3.63-3.37 ppm) (lower) (CDCl3, 400 MHz). 
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Figure 3-2. Molecular weight plots of the obtained PDEAAms prepared using F-SKAm versus 

the [DEAAm]0/[F-SKAm]0 ratio, and SEC traces of (a) runs 3-1~4, (b) runs 3-5~8, and (c) runs 

3-9~12.  

 

The chemical structure of the obtained polymer was confirmed by 1H NMR and MALDI-TOF 

MS measurements, as shown in Figures 3-3 and 3-4, respectively. All the 1H NMR spectra showed 

proton signals due to the polymer main chains at 0.9 - 1.3, 1.3 - 2.0, 2.2 - 2.8, and 2.9 - 3.7 ppm, 

and the proton signals due to the vinyl group of F3-SKAm were observed at 5.0 - 5.2 and 5.6 - 5.8 

ppm though those for F1-SKAm and F2-SKAm were overlapped with the polymer main-chain. 

Thus, the MALDI-TOF MS was used to determine the isotopically resolved molecular weights of 

the polymer products. For every F-PDEAAm, only one series of ion peaks was observed and the 

interval between two adjacent ion peaks exactly corresponded to the molecular weight of the 

DEAAm unit, strongly indicating that no undesired reaction occurred during the entire GTP 

process. In addition, the observed molecular weight of every ion peak agreed with the related 

theoretical isotopic molecular weight, i.e., every ion peak corresponded to a targeted sodium-

cationized polymeric formula of [C7n+6H13n+12Nn+1On+2Na]+ for the PDEAAm using F1-SKAm, 

[C7n+10H13n+17Nn+1On+1Na]+ using F2-SKAm, and [C7n+7H13n+12Nn+1On+1Na]+ using F3-SKAm; the 
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Figure 3-6. 1H NMR spectra of (a) PhA-F1 (run 2-20), (b) PhA-F2 (run 2-21), and (c) PhA-F3 (run 

2-22) obtained by the B(C6F5)3-catalyzed GTP of DEAAm using functional terminators (acetone-

d6, 400 MHz). 
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The Rg,ave of l-taz-PDEAAm decreased from 12.31 ± 0.37 to 10.19 ± 0.25 Å by increasing the 

temperature from 298 K to 328K, and the conformational changes in l-taz-PDEAAm from a coil 

to globule was clearly observed as shown in Figure 3-18a. On the other hand, the Rg,ave of s3-

PDEAAm slightly decreased by the increasing temperature, and that of c-PDEAAm underwent 

almost no change. In Figures 3-17b and c, the time-dependent traces of c-PDEAAm and s3-

PDEAAm at 328 K converged after 20 ns though the fluctuation was greater in the early time 

region due to the thermal energy. The conformational changes in s3-PDEAAm suggested that each 

arm seemed to be aggregated one by one, as shown in Figure 3-18c. However, no conformational 

changes in c-PDEAAm were observed though the conformation with the higher Rg seemed to be 

an extended structure compared to that with the lower Rg (Figure 3-18b). Based on the results of 

the Rg analysis, it was revealed that the Rgs of c-PDEAAm, and s3-PDEAAm could not undergo 

drastic changes during the phase transition due to the structural restriction for the cyclic and star-

shapes.  

Figure 3-20 shows the radial distribution function (RDF) for the whole PDEAAm carbonyl 

oxygen on the side chain with hydrogen of the water, which the RDF provides direct information 

about the change in the hydration state during the phase transition. Table 3-9 summaries the 

hydration number between the carbonyl oxygen for the PDEAAm monomer unit and hydrogen of 

the water within 3.0 Å from the carbonyl oxygen. All the RDF profiles showed the first and second 

peaks located at around 2.0 Å and 3.2 Å, where the first peak shows direct hydrogen bonding 

between the carbonyl oxygen and hydrogen of water and the second peak shows the long distance 

correlation for forming a second hydration shell. In Figure 3-18a, l-taz-PDEAAm showed clear 

changes in the hydration state at around 2.0 Å with the increasing temperature, i.e., the hydration 

number decreased from 33.00 ± 2.6 (298 K) to 28.63 ± 2.8 (328 K), meaning the collapse of the 

hydrogen bonding between the carbonyl oxygen for the PDEAAm monomer unit and hydrogen 
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of water. Similar to the l-taz-PDEAAm, the first peaks of c-PDEAAm and s3-PDEAAm on the 

RDF were decreased through the cloud point though the decreasing degrees of the peaks were less 

than that of l-taz-PDEAAm. However, the hydration number between the carbonyl oxygen for the 

c-PDEAAm monomer unit and water hydrogen increased from 24.20 ± 2.0 to 25.43 ± 2.3 with 

the increasing temperature from 298K to 328K. This discrepancy is explained in the next section.  

In order to further evaluate the difference in the topological effect, the RDF for each differently 

located carbonyl oxygen on the side chain of PDEAAm with the hydrogen of water was analyzed, 

e.g., the carbonyl oxygen located at the neighbor connected parts by the click reaction, chain end, 

and middle of the monomer repeating units, for l-taz-PDEAAm (Figure 3-21), that of the neighbor 

core unit, outer side, and middle part, for s3-PDEAAm (Figure 3-22), and, that of the neighbor 

connected parts by the click reaction, and inward or outward on the cyclic architecture, for c-

PDEAAm (Figure 3-23). The RDFs for each carbonyl oxygen on the l-taz-PDEAAm with the 

hydrogen of water showed quite similar behaviors though that of the neighbor phenyl group 

drastically changed because of its hydrophobic effect by the phenyl group. On the other hand, the 

RDF for each carbonyl oxygen on s3-PDEAAm with the hydrogen of water showed a significantly 

different behavior. Especially, the first and second peaks of the inner part disappeared at 313 K 

then reforming the hydration shell at 328K. This phenomenon is rationally explained by the fact 

that the hydration state neighbor core unit should be less-structured due to the high atomic density 

near the branching core. In addition, the RDF for each carbonyl oxygen on c-PDEAAm with the 

hydrogen of water showed a unique behavior. The RDF of the neighbor connected parts by the 

click reaction and outward carbonyl oxygen with the hydrogen of water showed the same tendency 

as that of l-taz-PDEAAm. The RDF of the inward carbonyl oxygen on the cyclic architecture 

showed an inverse behavior compared to the other RDFs, in which the first peak height was very 

low at 298 K, then the peak intensity increased with the increasing temperature. The reason for 
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this phenomenon was considered to be caused by two factors as follows: (1) the inward carbonyl 

oxygen was difficult to form a stable hydration shell due to the small cavity of the cyclic inside, 

and (2) the direction of the carbonyl oxygen might be changed during the thermal phase transition, 

leading to more hydrophilic surroundings for the carbonyl oxygen. These unexpected results of 

the RDFs for each carbonyl oxygen on c-PDEAAm supported why the hydration number of c-

PDEAAm increased with the increasing temperature, because the hydration number was 

estimated using the whole carbonyl oxygen on the monomer units. 

As the results of the MD simulation, it was revealed that the difference in topology among the 

three architectures, linear, cyclic, and 3-arm star, was significantly affected by the coil-to-globule 

transition of the PDEAAm.  

 

Table 3-8. A summary of Rg values at each temperature 

  Rg.ave (Å)a  

 298K 313K 328K 

l-taz-PDEAAm 12.31 ± 0.37 10.41 ± 0.15 10.19 ± 0.25 

c-PDEAAm 10.20± 0.43 10.25 ± 0.19 10.28 ± 0.20 

s3-PDEAAm 10.59 ± 0.24 10.18 ± 0.19 9.94 ± 0.29 

a Rg,aves were estimated using last 5 ns. 
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Figure 3-17. Time-dependence of Rg changes for (a) l-taz-PDEAAm, (b) c-PDEAAm, and (c) s3-

PDEAAm. 

 

Figure 3-18. Snapshots of (a) l-taz-PDEAAm, (b) c-PDEAAm, and (c) s3-PDEAAm, where 

carbon, oxgen, and nitrogen are denoted in green, red, and blue, respectively (each number with 

snapshot corresponds to the number shown in Figure 3-17) 
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Figure 3-22. RDFs for hydrogen of water with carbonyl oxygen of monomer unit on s3-PDEAAm 

located at (a) outer, (b) middle, and (c) inner part at 298 K (blue line), 313 K (green line), and 328 

K (red line). 

 
Figure 3-23. RDFs for hydrogen of water with carbonyl oxygen of monomer unit on c-PDEAAm 

located at (a) outward side, (b)inward side, (c) neighboring taz group, and (c) neighboring phenyl 

group at 298 K (blue line), 313 K (green line), and 328 K (red line). 
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macrocyclic and star-shaped. Both of the cyclic-PDEAAm and 3-armed star-shaped PDEAAm 

were successfully prepared with three different DPs of 26 - 29, 50 - 52, and 78 - 80. The topology 

of the polymer architectures, such as linear, cyclic, and star-shaped PDEAAms, significantly 

reflected to their thermoresponsive property in terms of molecular weight dependence and 

responsivity for the phase transition, among which the cyclic and star architectures led to a lower 

phase transition temperature compared to its linear counterpart. Additionally, molecular dynamics 

simulations of unimolecular PDEAAm architectures gave deep insight for the effect of topology 

on thermoresponsive properties in atomic scale, which well-supported the experimental results. 

To the best of knowledge, this is the first report of the comprehensive study of the topological 

effect among linear, cyclic, and star-shaped PDEAAms on their thermoresponsive properties, of 

which the chemical structures of comparative PDEAAms were carefully considered. These results 

make a significant contribution to polymer chemistry regarding the design of well-defined 

acrylamide polymers and polymer architecture along with the control of the phase transition 

temperature. 
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