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ABSTRACT: A new polymer chain growth mode, having multiple potential chain propagation sites, initiated by oligomer of a-

methylstyrene (AMS) and styrene (St) (PAS) is presented in this article. The effects of PAS content, AMS fraction in PAS and reaction

temperature on bulk polymerization of St have been investigated. It is demonstrated that the PAS performed as macroinitiator in the

polymerization of St. The average molecular weights of products increase significantly with the evolution of the polymerization,

which is different from conventional free radical polymerization. With 20 wt % macroinitiator, the molecular weights increase from

1.21 3 105 to 3.00 3 105 with the monomer conversion increasing from 15.3 to 83.0%. This unique feature is tentatively attributed

to both the reversible polymerization–depolymerization of AMS segments at high temperature which could generate more than one

propagation sites in a polymer chain and the combination termination of St free radical polymerization. VC 2014 Wiley Periodicals, Inc. J.

Appl. Polym. Sci. 2015, 132, 41460.
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INTRODUCTION

The controllability of structure, composition, and molecular

weight in polymer synthesis is of importance in developing high

performance polymer materials. The controlled free radical poly-

merization technologies, such as atom-transfer radical polymer-

ization,1,2 reversible addition-fragmentation chain transfer

process,3–5 nitroxide-mediated radical polymerization6,7 and so

forth are robust tools to tailor polymer structures. However, there

are still some challenges of these controlled polymerization tech-

nologies, such as unpleasant product color (and/or smell) and

residues of catalysts. In addition, the controlled polymerizations

always have slow polymerization rates and cost inefficiency. Thus

it is necessary to develop new technologies to balance the con-

trollability and the cost of the polymerization process. Nuken

et al.8 reported that the nonpolymerizable monomer, 1,1-diphe-

nylethylene (DPE), could mediate the conventional free radical

polymerization to a controlled system. In the presence of DPE,

the molecular weights increased almost linearly with the mono-

mer conversions and the molecular weight distribution was much

lower than that of the control runs. Moreover, the semiquinone

structure formed in the presence of DPE in the copolymerization

could generate macroradicals when heated.9 The DPE mediated

free radical polymerization has been applied to prepare block

copolymers, such as, PMMA-b-PS,8 PMMA-b-PBA10, and

PMMA-b-PVAc.11 However, when the propagation chain incor-

porated a DPE molecule, the chain could no longer to add new

monomer molecules. The chain free radical (active chain) ended

with DPE unit could be terminated only by free radical combina-

tion. Thus, each oligomer chain with DPE unit bears only one

initiating site maximum. As a result, the efficiency of the macroi-

nitiator is limited.

As a derivative of styrenic monomers, a-methylstyrene (AMS),

has low free radical homopolymerization reactivity due to the

low enthalpy.12 There have been intensive studies on the copoly-

merization of AMS with other vinyl monomers. It was showed

that the AMS copolymerization cannot be inhibited or retarded

although the enthalpy of AMS polymerization is low.13 How-

ever, the free radical copolymerization of AMS with other vinyl

monomers always showed slow reaction rate and yielded low

molecular weight products. There are different explains, for

example, the steric restrictions on the placement of successive

AMS units (penultimate effect),14,15 reversibility of
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polymerization,16–18 degradative chain transfer to AMS mono-

mer19,20 and the kinetic factor14,21–23 to address the observa-

tions. These studies also revealed that the degradation of AMS

segments occurred in the copolymerization of AMS with other

monomers when the reaction temperature was higher than the

ceiling temperature of AMS polymerization. The chain degrada-

tion in the copolymerization tends to form a new AMS unit

radical from the AMS-containing copolymer chain at the tem-

perature above the ceiling polymerization temperature of AMS.

Recently, our laboratory has found that the copolymerization

behavior in the presence of AMS was similar with that in the pres-

ence of DPE.24 The copolymer of AMS and glycidyl methacrylate

(GMA) can performed as macroinitiator to initiate the polymeriza-

tion of MMA or St to prepare block polymers.25 With N-t-butyl-

a-phenylnitrone as radical scavenger, the generation of free radicals

by heating AMS/GMA copolymers was supported by ESR.26 Then

the copolymers of AMS and other (meth)acrylates have been pre-

pared and studied. The AMS mediated free radical copolymeriza-

tion was applied to prepare AMS/butyl acrylate (BA)/acrylic acid

(AA) copolymers and AMS/AA/MMA copolymers by emulsion-

free process.27 Furthermore, the AMS/BA/AA copolymer could be

used to initiate the emulsion-free polymerization of St to prepare

the core-shell nanoparticle of which the core was PS and the shell

was AMS/BA/AA copolymer.28 With the AMS copolymer as mac-

roinitiator, a series of block copolymers as dispersant agents has

been prepared. The technology is very competitive for industrial

scale up.29 The studies showed that AMS-mediated free radical

polymerization can be widely suitable for various monomers.

Except for application in initiating the monomer polymerization,

the oligomers of AMS copolymers have also been exploited to

form grafting chains in polymer molten blending and graft onto

the carbon nanotubes. When the AMS/GMA oligomer was added

to a blend of PP and Ny66, the crystallinity degree of Ny66

decreased due to the in situ compatibilization.30 When the AMS/

GMA or AMS/St oligomer was heated with multiwalled carbon

nanotubes (MWCNTs) in a solvent, the modified MWCNTs could

be dispersed stably in both N,N-dimethylformamide and acetone.31

It was explained that the oligomers generated free radicals and

then grafted onto the MWCNTs when heated. Very recently, we

have reviewed the mechanism and application of the AMS medi-

ated free radical polymerization.24 So far, the investigations have

been focused on the copolymerization of AMS and (meth)acrylates

and the performance of the copolymers as macromolecular initia-

tors. However, there are also some limitations caused by the great

difference of the monomer reactivity ratios as follows: (1) the

monomer conversion, the molar fraction of AMS unit in the

copolymer (oligomer) and the molecular weight of the copolymer

strongly depend on the fraction of AMS in monomer feed; and

(2) the AMS unit incorporated into the copolymer chain is much

less than that in the monomer feed. As a result, there are also

some unfavorable effects of the AMS-containing copolymers on

the reactions using the copolymers as macroinitiators. The termi-

nation of the chains growth will be caused by the disproportiona-

tion termination of (meth)acrylates, which might lead to the low

molecular weights. To suppress this effect, we launched a project

to examine if it is helpful to get higher molecular weight copoly-

mers by AMS-mediated copolymerization in preparing copolymers

with the AMS-containing copolymers as macroinitiators. This pro-

ject is based on the following thoughts: (1) styrene is expected to

get a copolymer with higher AMS fraction in the polymer chains

and a higher monomer conversion;32 and (2) compared with the

DPE mediated free radical polymerization which has only one

likely initiating site per polymer chain, high incorporation of the

AMS unit could form more AMS-containing weak bonding sites

in the copolymer chains which might have multiple potential ini-

tiating sites; and (3) because combination termination is main

termination mode of St polymerization, there would be more

molecular chains keeping active in the polymerization initiated

by the AMS-containing copolymer. With the understanding of

the AMS mediated copolymerization and the mechanism of the

AMS-containing copolymer as macroinitiator, we thought it is

possible to develop a novel polymer chain growth mode with the

AMS/St copolymer as initiator. There were one or two initiation

groups in the polymerization initiated by traditional small molec-

ular initiators, as shown in Scheme 1(a) and (b). Different from

the small molecular initiators, there could be more than one

active center in the macroinitiator in the same time, as shown in

Scheme 1(c). The molecular chains in the polymerization have

multiple potential active sites. It is possible to achieve high poly-

merization rate and get the polymer with high molecular weight.

In this contribution, the bulk polymerizations of St initiated by

copolymers of AMS and styrene (abbreviated as PASs) with differ-

ent AMS contents were investigated. The effects of PAS content,

AMS content in PAS and reaction temperature on the monomer

conversions, molecular weights and ln([M0]/[M]) were revealed.

The molecular weights of products increased significantly with the

evolution of polymerization. This behavior is different from the

conventional free radical polymerization. This unique chain growth

mechanism has been proposed and discussed. The results offered a

new insight in polymer synthesis methodology.

Scheme 1. Proposed chain growth modes of the AMS/St copolymer-

initiated radical polymerization. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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EXPERIMENTAL

Materials

Styrene (St, Beijing Chemical Reagent Corp.) was distilled under

reduced pressure before use. Tetrahydrofuran (THF) and methanol

were purchased from Beijing Chemical Reagent Corp. were used as

received. AMS/St copolymer (PAS) was prepared by free radical

polymerization with azodiisobutyronitrile (AIBN) as initiator at

70�C. The PASs were dried under vacuum at room temperature for

48 h and stored in a desiccator. The structure parameters of PAS

with different AMS content were summarized in Table I.

Instruments

NMR spectra were obtained in CDCl3 at room temperature with a

Bruker AV600 spectrometer. 1H chemical shifts were referenced to

tetramethylsilicane and the residual nondeuterated solvent signal at

d 5 7.23 ppm. Molecular weights and polydispersities (PDI, Mw/

Mn) of the products were determined by a gel permeation chro-

matography (GPC) (Waters 1515-717-2414 system with StyragelVR

HT3, 4, and 5 in series). The GPC was calibrated using polystyr-

enes (PSs) as standards and THF as an eluent.

Bulk Polymerization of St Initiated by PASs

Bulk polymerization of St was performed at 90–100�C using

PASs as macroinitiator without addition of conventional radical

initiator under nitrogen atmosphere in a tube reactor. When the

polymerization time was ended, the crude products were dis-

solved in THF and precipitated in excess methanol to remove

the residual monomer. This solve/precipitation process was

repeated thrice for each run. The final product was dried under

vacuum at room temperature for 48 h and stored in a desicca-

tor. The conversion of the monomer was determined gravimet-

rically. The products were characterized by GPC, differential

scanning calorimetry (DSC), 1H and 13C NMR spectroscopy.

Bulk Polymerization of St Without any Initiator

The synthesis and purification of the PS reference polymer fol-

lowed the same procedure as described above but without PAS

or any other initiator (Table II).

RESULTS AND DISCUSSION

The Effects of PAS Content on Bulk Polymerization of St

The bulk polymerizations of St were performed with different

amount of PAS1 (Mn 5 6400 g/mol, PDI 5 2.97) as the macroi-

nitiators at 100�C. The resulting polymers were designated as

PASS. Figure 1(a) showed the monomer conversions of the pol-

ymerizations as reaction time. The monomer conversion was

defined by an equation as following:

C5
m2mo

M
3100% (1)

In Eq. (1), C is the monomer conversion; M is the total mass of

the sample at different time; m is the mass of the dried sample

at different time; and mo is the mass of macroinitiator in the

sample at different time. The reaction times were 12 h without

PAS1 (controlled run), 12 h with 20 wt % PAS1, 10 h with 30

wt % PAS1 and 8 h with 40 wt % PAS1, respectively. Without

PAS and the final monomer conversion was under 20% (control

run of bulk styrene polymerization, denoted as RBS). Con-

versely, the final monomer conversions of other three runs were

83.0% (PASS1-1), 87.2% (PASS1–2), and 91.5% (PASS1–3). It

was revealed that the polymerization was hardly performed

when no PAS was added, which supported that the PAS per-

formed as the initiator in the polymerization of St. Moreover,

the reaction rates increased with the amount of PAS1 loaded.

As showed in Figure 1(b), the average molecular weights of

products decreased with the increase of the amount of PAS1.

These observations supported that the PAS played the role as

the initiator in polymerization. Furthermore, it was also found

that the molecular weight increased significantly with the evolu-

tion of the polymerization, which was quite different from the

conventional free radical polymerization. Using 20 wt % PAS1

as macroinitiator, the molecular weights of the polymers

increased from 121,000 (conversion at 15.3%) to 301,000 (con-

version at 83.0%), which was caused by the presence of chain

radical ended with AMS. The ln([M0]/[M]), which represents

concentration of radical, was defined by eq. (2).

ln
½M0�
½M�

� �
5ln

1

12C
(2)

In eq. (2), C is the monomer conversion; [M0] 5 concentration

of the monomer at time t 5 0 h and [M] 5 concentration of the

monomer at the corresponding time, wherein the concentration

of monomer in bulk polymerization was calculated by eq. (3).

½M�5 M2m

M
(3)

Table I. The Structure Parameters of AMS/St Copolymers Used as

Macroinitiators

Entry

Molar fraction
of AMS in the
monomer
mixture (%)

Molar fraction
of AMS in the
copolymera (%)

Mnb

(g/mol) PDI

PAS1 30 0.22 6400 2.97

PAS2 40 0.31 5000 2.22

PAS3 50 0.42 4400 1.76

a Values measured by 1H NMR, referenced to TMS.
b Values measured by GPC.

Table II. Summaries of Experiments of St in Bulk Initiated by PASs

Entry

Reaction
temperature
(�C) Macroinitiator

Weight
fraction of
macroinitiatora

(%)

RBS 100 / /

PASS1-1 100 PAS1 20

PASS1–2 100 PAS1 30

PASS1–3 100 PAS1 40

PASS2 100 PAS2 40

PASS3 100 PAS3 40

PASS1–4 90 PAS1 20

a values measured based on the St monomer.
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In eq. (3), M is the total mass of the sample at different time

and m is the mass of the dried sample at different time. As

showed in Figure 1(c), the ln([M0]/[M]) also increased almost

linearly with the reaction time, and the slopes increased with

the amounts of PAS1 macroinitiator added. The phenomena

implied that the concentration of radicals was almost constant

in the polymerization process. Combined with the fact of the

molecular weights of the polymers increased significantly with

the monomer conversions, it might be concluded that there

might be polymer chains keeping active during the St polymer-

ization initiated by PAS macroinitiator. In previous reports, it

was demonstrated that weak bonds in AMS copolymer macroi-

nitiators, such as -AMS-AMS- (head–head) and -AMS-M-

(head–head), could give the birth of new chain radicals when

heated.25,26 In the polymerization of St, the AMS-containing

weak bonds (as illustrated in Scheme 2) in PAS macroinitiator

could generate chain radicals to initiate the polymerization at

the reaction temperature. In the polymerization of St, new weak

bonds would form due to the combination termination of chain

radicals ended with AMS with other radicals, such as other

AMS radical and St radical. These new weak bonds could gener-

ate new chain radicals again to initiate the polymerization of

new monomers to keep the growth of polymer chains at reac-

tion temperature. As the degradation of PAS always existed dur-

ing the polymerization, there would be always chain radicals.

Moreover, when PAS content increased, the radical concentra-

tion increased. As the combination termination is the main ter-

mination mode of St polymerization, there would always be

active sites in the polymer chains. Moreover, as more than one

AMS-containing weak bond existed in PAS, there were multiple

initiating sites in a molecular chain of PAS. The unique struc-

ture of the PAS macroinitiator made the polymerization showed

a different mode of polymer chain growth from that of conven-

tional radical polymerization. This novel initiating and chain

growth mode of St polymerization was illustrated in Scheme 3.

However, when the content of weak bonds was low [as showed

at curve of PASS1-1 molecular weights in Figure 2(b)], the

change of molecular weights were leveling off at the latter stage

of the polymerization. That was because the polymer chain

propagation in the polymerization got weak when content of

Figure 1. (a) Dependence of monomer conversions as function of time in the bulk polymerization initiated by different content of PAS1; (b) dependence

of average molecular weight (Mn) and polydispersity (PDI) as function of monomer conversion; (c) plots of ln ([M0]/[M]) (where [M0] 5 concentration

of the monomer at time t 5 0 h and [M] 5 concentration of the monomer at the corresponding time) as function of time; and (d) GPC curves for origi-

nal PAS1 and samples obtained during bulk polymerization of St initiated by PAS1 macroinitiator (weight fraction of PAS1520 wt %). [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Scheme 2. The possible structures of AMS-containing units in PAS

macroinitiator.
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active sites was low, especially at the later stage of polymeriza-

tion with the decrease of the monomer concentration. To fur-

ther figure out the initiation mechanism of PAS, the typical

GPC curves of original PAS1 and the samples obtained during

the polymerization initiated by 20 wt % PAS1 were showed in

Figure 1(d). The PASS peaks shifted to higher molecular weight

with the extension of the polymerization time. The GPC traces

at different polymerization times showed that the molecular

weights of PASS increased steadily. Conversely, the oligomer

peaks slightly shifted to lower molecular weight end with the

extension of polymerization times. This change indicated the

degradation of PAS during the polymerization. The phenomena

suggested that the PAS could be used to initiate polymerization

of St. However, the peaks corresponding to the oligomer did

not completely disappear at the end of the polymerization.

Thus we calculated the integral areas of the high molecular

weight peak and the remaining oligomer peak to further under-

stand the initiating efficiency and mechanism. An equation was

introduced to define the relationship between AMS-containing

oligomer content in the product and the theoretical possible

max AMS-containing oligomer at different reaction time.

R5
Ax
Ao

20%
20%1C

(4)

In eq. (4), Ax is the integral area of the remaining oligomer

peak; Ao is the total integral area of the high molecular weight

peak and the remaining oligomer peak and C is the monomer

conversion of polymerization at different time. Both Ax and Ao

were obtained from separating overlapped GPC curve showed

in Figure 1(d). The values of R were shown in Table III. It was

shown that the values of R at different reaction time were lower

than 1. The results implied the PAS can act as the initiator in

the polymerization. However, the value of R at 12 h, when the

polymerization ended, was close to 1. The behavior might be

caused by two factors. It is well known that the disproportiona-

tion termination (side reaction) in the polymerization of St

increases due to the high reaction temperature.33 Some primary

chain radicals (formed by the thermolysis of the PAS) were ter-

minated by the disproportionation or chain transfer but no lon-

ger reacting with monomer. This is the main reason of the

existence and shift of the PAS peaks. Conversely, when mono-

mer concentration decreased at the latter stage of the polymer-

ization, the effects of degradation of AMS units got strong. The

degradation of AMS-containing copolymer might cause the

decrease of the molecular weight at high temperature.26 As a

result, there were AMS-containing oligomers in the resulting

products, which would also cause the existence of the peaks at

low molecular weight in the GPC traces.

As shown in Figure 2, the structure and composition of the

resulting PASS polymers were determined by 1H NMR and 13C

NMR. According to the 1H NMR spectra, the molar fractions of

AMS in the resulting polymers could be determined by compar-

ing the integral areas of the chemical shifts assigned to the

methyl in AMS [H8, Figure 2(a)] with the integral areas of aro-

matic protons in the polymers [H1–H5, Figure 2(a)].13 The

results were shown in Table IV. Figure 2(b) showed the 13C

NMR spectrum of resulting PASS1-1. According to literature,

the methyl of the AMS [C8, Figure 2(b)] is the most sensitive

carbon of the copolymer and its chemical shift is within the

range of ca. 22.8 ppm.34 The 13C NMR results showed the

resulting products were AMS-containing polymer.

The Effects of AMS Content in PAS on Bulk

Polymerization of St

To further understand the effects of AMS-containing weak

bonds in PAS on the polymerization, the bulk polymerizations

Scheme 3. The proposed mechanism of molecular chain growth in the St bulk polymerization initiated by PAS macroinitiator. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]
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of St were initiated by different PASs with different AMS fractions,

namely PAS1 with 22 mol % AMS, PAS2 with 31 mol % AMS

and PAS3 with 42 mol % AMS, at 100�C for 8 h. Figure 3(a)

showed the monomer conversions of the polymerization with

reaction time initiated by PASs with different AMS content. The

reaction rate increased when the molar fraction of AMS in PAS

macroinitiators increased. In addition, as showed in Figure 3(b),

the average molecular weights decreased with the increasing of

AMS molar fraction in PASs. These behaviors were consistent

with the conventional free radical polymerization mechanism,

which supported that the AMS-containing weak bonds were ini-

tiating sites in the macroinitiator. Figure 3(c) showed that the

concentration of radicals was almost constant during the polymer-

ization. With the AMS content in macroinitiator increasing, the

increase extents of the ln([M0]/[M]) increased while that of the

molecular weight decreased. That was because that there were

more AMS radicals in the polymerization when the AMS-

containing weak bonds in the PAS macroinitiator increased. At

the same time, given the degradation of AMS units became strong

due to higher AMS radicals content, the propagation of the

molecular chain got more difficult. The phenomena supported

that the AMS-containing weak bonds in the macroinitiator acted

as the active sites and the propagation sites in the polymerization.

Moreover, the PDIs hardly changed with the evolution of the bulk

polymerization. The compositions of the resulting PASS polymers

determined by 1H NMR spectra were listed in Table IV. The

molecular weights and PDIs of the final products were also given

in Table IV. It was showed that the large molecular weight prod-

ucts could be obtained by the process.

The Effects of Temperature on Bulk Polymerization of St

Initiated by PAS

The bulk polymerizations of St at 90 and 100�C were performed

for 6 h using PAS1 (Mn 5 6400 g/mol, PDI 5 2.97) as the mac-

roinitiators. The weight fraction of PAS based on monomer St

was 20 wt %. The monomer conversions of the polymerization

with time at different temperatures were showed in Figure 4(a).

The monomer conversion at 6 h went down from 60 to 30%

with reducing temperature from 100 to 90�C. At the same time,

the average molecular weight increased when the reaction tem-

perature decreased, as shown in Figure 4(b). The behaviors were

Figure 2. (a) 1H NMR spectra of resulting PASS1-1 in CDCl3 at room

temperature and (b) 13C NMR spectra of resulting PASS1-1 in CDCl3 at

room temperature. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]

Table III. The Values of R Obtained from eq. (4)

Reaction time (h) 2 6 12

R 0.68 0.62 0.93

Table IV. Bulk Polymerization of St at 100�C Initiated by PASs

Entry

Weight
fraction
of PAS (%)

Theoretical molar
fraction of AMS
in PASS (%)

Molar fraction
of AMS in
PASSa (%)

Mnb

(g/mol) PDI

PASS1-1 20 4.29 4.89 300,000 1.98

PASS1–2 30 6.46 6.74 287,000 1.99

PASS1–3 40 8.65 8.67 211,000 2.99

PASS2 40 12.09 11.96 132,000 2.45

PASS3 40 16.24 16.18 108,000 2.44

a Values measured by 1H NMR, referenced to TMS.
b Values measured by GPC, calibrated with polystyrene standards.
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Figure 3. (a) Dependence of monomer conversions as function of time in

the bulk polymerization initiated by PASs with different AMS content; (b)

Dependence of average molecular weight (Mn) and polydispersity (PDI)

as function of monomer conversion; and (c) Plots of ln([M0]/[M]) (where

[M0] 5 concentration of the monomer at time t 5 0 h and

[M] 5 concentration of the monomer at the corresponding time) as func-

tion of time. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

Figure 4. (a) Dependence of monomer conversions as function of time in

the bulk polymerization initiated by PAS1 at 90 and 100�C; (b) depend-

ence of average molecular weight (Mn) and polydispersity (PDI) as func-

tion of monomer conversion; and (c) plots of ln([M0]/[M]) (where

[M0] 5 concentration of the monomer at time t 5 0 h and

[M] 5 concentration of the monomer at the corresponding time) as func-

tion of time. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]
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consistent with conventional free radical polymerization mecha-

nism. However, with the decrease of reaction temperature, both

slopes of the increases of molecular weight and the ln([M0]/

[M]) decreased [as showed in Figure 4(c)]. As the degradation

of AMS-containing polymer was strongly affected by the reac-

tion temperature.16,17 The degradation rate of PAS macroinitia-

tor at 90�C was lower than that at 100�C did. As a result, the

concentration of radicals in the polymerization decreased with

the temperature decreasing. Then the apparent chain growth in

the St polymerization was slowed down. The phenomena fur-

ther implied that the AMS-containing weak bonds acted as ini-

tiating group in PAS macroinitiator. In addition, the PDIs kept

constant with the monomer conversions. However, due to the

degradation in polymerization got stronger at 100�C, the PDIs

went up with the temperature increasing.

CONCLUSIONS

The bulk polymerizations of St could be performed using the

PASs as macroinitiators. It was found that the average molecular

weights increased to high level with the evolution of the poly-

merization. This unique behavior was resulted from the reversi-

ble polymerization–depolymerization of AMS segments in the

polymer chains at high temperature and the combination termi-

nation of St free radical polymerization. The multiple chain

propagation sites were produced by multiple active sites in PAS

macroinitiator in the AMS-mediated radical polymerization. As

the PAS content, the AMS content in the PAS and reaction tem-

perature increased, the effects of AMS-containing macroinitiator

on the polymerization got stronger.
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