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The radical polymerization of styrene was investigated in the presence of five diaryl diselenide compounds with different 

substitution groups on benzene ring under visible light irradiation. It showed that bis(2,6-dimethylphenyl) 

diselenide(DmXDS) with two methyl groups on every benzene ring was the most efficient mediator for preparing polymers 

with predetermined molecular weight and narrow molecular weight distribution. The reasons were analyzed through 

quantum calculation method. The polymerization behavior of styrene in the presence of DmXDS was further investigated 

in depth. The results showed a typical living radical polymerization process. Polymers with high fidelity of selenide 

structure at both α and ω ends were verified by NMR and MALDI-TOF. Such end capped selenide groups could be 

transferred to terminal vinyl groups with high efficiency under oxidative condition, which offe oute to prepare 

“macromonomer” with narrow molecular weight distribution. 

Introduction 

The fast development in the field of living radical 

polymerization (LRP)
1,2

 or reversible-deactivation radical 

polymerization (RDRP)
3
 offered an useful technique for design 

and synthesis macromolecules with well-defined structures, so 

called macromolecule engineering.
4
 Among different LRP 

techniques, such as atom transfer radical polymerization 

(ATRP)
5,6

 and reversible addition-fragmentation chain transfer 

polymerization (RAFT)
7
, seleno-mediated radical 

polymerization (SeRP)
8-11

 has been demonstrated as an 

alternative method for applicable in various monomers. 

Furthermore, the polymers synthesized from SeRP contained 

seleno moiety. Such organoselenium moiety was useful for 

synthetic chemistry and photochemistry. Our group has 

demonstrated that the terminal seleno moiety could be used 

to prepare diselenide linked polymer through high-efficient 

diselenide coupling reaction.
12

 Such diselenide linked polymer 

showed interesting multi-responsive behaviors
13-17

, which has 

been demonstrated as the useful materials in bio-related areas 

by different groups.
18

 However, the diselenocarbonyl 

compounds used in SeRP were relatively unstable, which 

limited its application. 

 Alternatively, diaryl diselenide and selenide were 

representative stable organoselenium compounds, and were 

widely used for synthetic chemistry and photochemistry.
19

 The 

diselenide and selenide compounds have also been applied 

into LRP area through the iniferter mechanism.
20-31

 Thus, 

polymers could be synthesized with controlled molecular 

weight. However, the molecular weight distribution of polymer 

was relative broad (Ð > 1.5). Kwon et al. reported that 

photopolymerization in the presence of dipheyl diselenide 

(DPDS) afforded polystryrene carrying pheylseleno groups at 

both chain ends.
20

 Rathore et al. reported the LRP of styrene 

by using 1-(phenylseleno)ethyl benzene/tert-butyl diphenyl 

(phenylseleno) silane as the mediator.
22

 After optimizing the 

selenide structure and polymerization conditions, the 

polymers with different topologies were realized.
21,28,30,31

 

These polymers contained selenide chain ends, which could be 

oxidized to give the corresponding polymer with carbon-

carbon double bonds.
20

 Thus, the polymer after oxidation 

could be used as a macromonomer. On the other hand, 

diselenides with aromatic nitriles could produce electrophilic 

selenium species, which could be used in cationic 

polymerization system.
32

 However, the broad molecular 

weight distributions of obtained polymers in selenide 

mediated LRP was limited its further application in cases of 

demanding well-defined polymers.  

 The objective of this work was to improve the 

controllability of diselenide based LRP by modifying DPDS 

structure to synthesis polymers with controlled molecular 

weight along and narrow molecular weight distribution. It was 
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well-known that the activity of free radical was affected by the 

s t r u c t u r e  o f  

 

Scheme 1. The structure of diaryl diselenides with different substitution groups on the 

benzene ring. 

substitutions through so called electronic effect and steric 

effect. Thus, in here we designed and synthesized different 

diselenides with different electronic and steric effect 

substitutions. The structures of diselenides were showed in 

Scheme 1. Due to light was demonstrated as the efficient 

stimuli for selenide mediated polymerization, which also was 

fast developed in LRP fields in recent year.
33-38

 The 

polymerizations of styrene in the presence of these novel 

diselenides under light irradiation were investigated. 

Experimental 

Materials  

 Styrene (AR, Chinasun Specialty Products Co., Ltd., China) was 

passed through a basic alumina column prior to use. 2-Bromo-

m-xylene (99%, Adamas Reagent, China) was used as received. 

Other chemicals were purchased from Shanghai Chemical 

Reagent Co. Ltd., China, and used as received. 

Synthesis of diselenides 

 The bis(2,6-dimethylphenyl) diselenide (DmXDS) was 

synthesized according to the literature procedure.
39

 
1
H NMR 

(300 MHz, CDCl3, δ): 2.26 (s, 12H, CH3), 7.01-6.94 (m, 4H, Ph), 

7.14-7.01 (m, 2H, Ph) ppm. 
13

C NMR (300 MHz, CDCl3, δ): 

144.33, 132.51, 129.74, 127.93, 24.72 ppm. 
77

Se NMR 

(600MHz, CDCl3, δ) 371.60 ppm.  

 Preparation of 1,2-bis(2,6-diethylphenyl)diselenide 

(DEPDS): To a solution of 2-bromo-1,3-diethylbenzene (4.26 g, 

20 mmol) in anhydrous THF (80 mL) at -78
o
C was added tert-

BuLi (1.3 M pentane solution, 18.5 mL, 24 mmol) dropwise. 

The reaction mixture was stirred at -78°C for 1h, and the 

selenium powder (1.9 g, 24 mmol) was added into the reaction 

mixture in portions at -78°C. The reaction mixture was allowed 

warm to room temperature and stirred at room temperature 

in air for 12h. The reaction mixture was quenched by addition 

of aqueous HCl (30 mL) slowly at 0°C. The reaction mixture was 

portioned between diethyl ether (80 mL). The aqueous phase 

was extracted with diethyl ether (40 mL x 2). The combined 

organic layers were dried over anhydrous magnesium sulfate 

and concentrated. The residue was purified by silica gel flash 

chromatography (eluted with hexane) to give the crude 

product as orange solid, which was recrystallized with MeOH 

to give the pure product 3.75 g (89% yield) as yellow solid. 
1
H 

NMR (300 MHz, CDCl3): δ 1.07 (t, 12H, CH2CH3), 2.66 (q, 8H, 

CH2CH3), 7.02-7.04 (m, 4H, ArH), 7.16-7.21 (m, 2H, ArH). 
13

C 

NMR (300 MHz, CDCl3): δ 15.72, 30.36, 125.99, 129.71, 131.26, 

149.68. 
77

Se NMR (600 MHz, CDCl3): δ 370.49 ppm. 

 Preparation of 1,2-bis(2,6-diisopropylphenyl) diselenide 

(DiPDS) and 1,2-bis(2,6-di-tert-butylphenyl)diselenide 

(DtBuPDS) were similar as DEPDS. Yields of 83% and 62% were 

obtained respectively. DiPDS:
 1

H NMR (400 MHz, CDCl3): δ 1.01 

(d, 24H, CH(CH3)2), 3.47-3.61 (m, 4H), 7.04-7.06 (m, 4H), 7.20-

7.25 (m, 2H). 
13

C NMR (100 MHz, CDCl3): δ 23.97, 34.12, 

123.49, 129.97, 130.70, 153.75 ppm. 
77

Se NMR (600 MHz, 

CDCl3): δ 361.55 ppm. PtBuPDS: 
1
H NMR (300 MHz, C6D6): δ 

1.28 (s, 36H, ArC(CH3)3), 7.41 (s, 6H, ArH). 
13

C NMR (300 MHz, 

C6D6): δ 31.10, 31.45, 33.19, 34.75, 119.34, 150.00, 150.13, 

156.15 ppm. 

Photo induced polymerization of Styrene 

 Typical procedure photo induced polymerization of styrene 

with diselenides was summarized as following: Mixture of 

styrene and diselenide was added into a dry Schlenk tube. The 

solution was deoxygenated by three standard freeze-pump-

thaw cycles. The tube was sealed and placed under Xenon 

Lamp (covered with 420nm band-gap filter) at the set 

temperature. At timed intervals, the solutions were extracted 

by disposable syringe from the tube. The contents were 

dissolved in THF and precipitated into methanol. The polymer 

was obtained by filtration and dried at room temperature 

under vacuum to constant weight. The conversion of styrene 

was gravimetrically determined.  

Chain Extension  

 The procedure of chain extension experiment was similar 

to the polymerization above except that the DmXDS was 

substituted by the polymer.  

Oxidative Elimination of Terminal Group  

 A solution of polystyrene (0.0300 g), 30% aq hydrogen 

peroxide (0.1 g) in THF (1mL) was stirred for 48 hours at room 

temperature. After adding a little THF, the solution was 

dropped into methanol. Then then polymer was obtained by 

filtration and dried in vacuum.  

Characterization  

 The number-average molecular weight (Mn) and molecular 

weight distribution (Ð) of the resulting polymers were 

determined by TOSOH HLC-8320 (GPC) equipped with TSK gel 

Muliti pore HZ-N (3) 4.6×150 mm column at 40 
o
C. 

Tetrahydrofuran was served as the eluent with a flow rate of 

0.35 mL/min. GPC samples were injected using a TOSOH HLC-

8320 GPC plus auto sampler. The molecular weights were 

calibrated with PS standards. The 
1
H NMR and 

13
C NMR spectra 

were recorded on a Bruker 300 MHz nuclear magnetic 

resonance instrument using CDCl3 as the solvent and 
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tetramethylsilane (TMS) as an internal standard. UV-vis spectra 

of the initiators and polymer were recorded using a Hitachi U-

3900 spectrophotometer at room temperature. Matrix-

assisted laser desorption/ionization time of flight (MALDI-TOF) 

mass spectrometry measurement was performed using a 

Bruker Autoflex III (MALDI-TOF) mass spectrometer equipped 

with a 337 nm nitrogen laser. Computer simulation was 

calculated using the three parameter hybrid B3LYP density 

functional method with the extended basis set 6-311++G(d,p) 

implemented in the GAUSSIAN 09 package.
40

 

Results and discussion,  

3.1. Polymerization results 

Diselenide compound, DPDS, has been applied in radical 

polymerization of styrene by thermo or light stimuli acting as 

iniferter agent.
21

 The obtained polymer showed controlled 

molecular weight. However, the molecular weight distribution 

was broad, typically Ð > 1.5. In order to improve the 

controllability of the polymerization, novel diselenides with 

different substitutions on benzene ring were designed 

(Scheme 1). The DmXDS was synthesized according to the 

literature by the reaction of p-vinylphenylmagnesium bromide 

with selenium, followed by treatment with bromine. Then, the 

polymerization of styrene using these diselenides as the 

mediator was carried out at 50
o
C under light irradiation. The 

polymerization results were summarized in Table 1.  

 Initially, the polymerization of styrene was conducted 

under the irradiation of 365 nm light in the presence of DPDS 

and DmXDS at 50
o
C (Entries 1 and 2 in Table 1). The results 

indicated that the molecular weights of obtained polymer 

were under controlled, while the molecular weight 

distributions were broad (Ð > 1.42), which same as the results 

were showed in literatures. However, the molecular weight 

distribution of polymer was decreased from Ð =1.96 in case of 

DPDS to Ð =1.42 in case of DmXDS. After surveying the UV-vis 

spectra of these diselenides (Figure 1S in supporting 

information), it was found that the adsorption peak according 

t o  S e - S e  b o n d  w a s  s h i f t e d  f r o m 

Table 1 Polymerization of styrene mediated by various diselenides under UV-Vis 

irradiation
.a 

Entry
Wavelength 

(nm) 

Diselenide Time 

h 
Conv.% Mn,GPC Mn,th Ð 

1 365 DPDS 16.0 17.8 5300 4100 1.96 

2 365 DmXDS 46.0 42.5 8600 9200 1.42 

3 420 DPDS 51.0 35.4 9100 7600 1.82 

4 420 DmXDS 35.0 21.2 4300 4800 1.20 

5
b 

420 None 96.0 -- -- -- -- 

6
c 

none DmXDS 96.0 -- -- -- -- 

7 420 DEPDS 61.5 27.9 6800 6200 1.47 

8 420 DiPDS 94.0 50.0 11900 10900 2.08 

9 420 DtBuPDS 96.0 -- -- -- -- 

a Xenon lamp light source using 365nm or 420 nm filter at 650 μW/cm2 intensity. 
b The reaction in absence of DmXDS. c The reaction in absence of Xe irradiation. 

 

Figure 1. Features of electron density distribution in seleno centered radicals derived 

from A) DPDS; B) DmXDS; C) DEDPS; D) DiPDS; E) DtBuDPS. Calculated using the three 

parameter hybrid B3LYP density functional method with the extended basis set 6-

311++G(d,p) implemented in the GAUSSIAN 09 package. 

~350nm of DPDS to ~385 nm of DmXDS, DEPDS, DiPDS, and 

DtBuPDS. Thus, in order to further improve the controllability 

of polymerization, the wavelength of light source was 

extended to 420 nm. The polymerization took place smoothly 

under the irradiation of 420 nm light with light intensity of 650 

μW/cm
2
 at 50

o
C (Entries 3 and 4 in Table 1). In case of DPDS, 

the molecular weight distribution was still showed broad, Ð = 

1.82. However, in case of DmXDS, polymer with narrow 

molecular weight distribution (Ð =1.20) was obtained with the 

monomer conversion of 21.2% after 35 hours of 

polymerization. The determined molecular weight of polymer 

was closed to theoretical value, e.g. Mn, GPC = 4300 g/mol vs Mn, 

th = 4800 g/mol, assuming one polymer chain derived from per 

DmXDS molecule. The polymerization results showed in Entries 

5 and 6 demonstrated that light irradiation and DmXDS were 

essential for the polymerization. DmXDS played role in the 

polymerization of styrene as: “initiator”, “transfer agent” and 

“terminator”. 

 After changing the mediator agent from DmXDS to DEPDS, 

and DiPDS, the polymerization was gradually loss of control. 

Polymers with broad molecular weight distributions were 

obtained, e.g. Ð = 1.47 of DEPDS, and Ð = 2.08 of DiPDS 

(Entries 7 and 8 in Table 1). The polymerization was inhibited 

by using DtBuPDS as the mediating agent (Entry 9 in Table 1). 

These results showed that the substitution groups on the 

benzene ring of diaryl diselenide compounds showed crucial 

effect on the polymerization behavior. It showed that DmXDS 

with two methyl groups substituted on the o-position of DPDS 

was the most effective mediator for the polymerization of 

styrene over other diselenides. In order to further analyze the 

effect of substitution on the polymerization, the electron 

density from total self-consistent field densities of selenide 

free radicals derived from these diselenides have been 

performed by density functional theory. The results were 

summarized in Figure 1. High density of free radical outer 

electron was located in the highest occupied molecular orbital 
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surrounding selenium atom. The shape of molecular orbital 

was similar in cases of radicals derived from DPDS and DmXDS. 

However, the electron density was slightly reduced in case of 

DmXDS due to the delocalization effect of methyl groups 

(Figure 2S in supporting information), which implied the more 

stable of such radical compared to the radical derived from 

DPDS. For the radicals derived from DEDPS, DiPDS, and 

DtBuDPS, the shapes of molecular orbital differed distinctly 

with those of DPDS and DmXDS. The orbitals rotated 90
o
 in 

cases of radicals derived from DEDPS and DiPDS. The orbital 

rotated about 75
o
 in the radical derived from DtBuDPS. The 

rotated molecular orbital resulted in high steric-hindrance for 

these radicals adding to styrene, which resulted in low 

polymerization rate and low efficiency of iniferter process 

(even no polymerization happened in case of DtBuPDS). Such 

hypothesis was verified by the increasing energy for the 

addition reaction of seleno radicals with styrene (Table 1S in 

supporting information). The Gibbs free energy of the reaction 

slightly increased from 2.95 Kcal/mol to 6.66 Kcal/mol after 

changing DPDS to DmXDS. While, the Gibbs free energy rapidly 

increased to 12.11 Kcal/mol, 11.64 Kcal/mol, and 13.72 

Kcal/mol in cases of DEDPS, DiPDS, and DtBuDPS, respectively. 

These computer simulation combined with experimental 

results demonstrated that DmXDS was the optional structure 

for efficient control over the polymerization. 

3.2. Polymerization kinetics 

 The polymerization behavior of styrene in the presence of 

DmXDS under 420 nm light irradiation was further 

investigated. The relationships for time-ln[M]0/[M] and 

conversion-Mn and Ð of the polymers were shown in Figure 2 

and 3. First order polymerization kinetic in all the investigated 

cases well demonstrated the constant propagating radical 

concentration during the polymerization. Linear relationship 

between conversion and molecular weight of polystyrene was 

found (Figure 3). The value of Mn,GPC was close to the 

theoretical value. The molecular weight distribution remained 

narrow, e.g. Ð < 1.3, in all obtained polymers. From the above 

results, the polymerization was a living radical proceed. And 

the molecular weight distributions of polymers were narrow. 

0 20 40 60 80
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Figure 2. ln([M]0/[M]) versus time for the polymerization of styrene in the presence of 

the DmXDS with the different molar ratio in bulk at 50
o
C under the irradiation of 420 

nm light with light intensity of 650 µw/cm
2
. 
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Figure 3. Dependence of Mn and Ð on conversion of styrene in the presence of the 

DmXDS with the molar ratio [St]0:[DmXDS]0= 250:1 in bulk at 50
o
C .{Mn,th = 

[St]0/[Diselenide]0 × conversion × MSt +MDiselenide} 
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Figure 4. ln([M]0/[M]) versus time for the chain extension polymerization of styrene in 

bulk at 50
o
C under the irradiation of 420 nm light with light intensity of 650 µw/cm

2
. 

 

 From Figure 2, the polymerization rate was showed 

complex relationships with molar ratio of [St]0:[DmXDS]0. It 

was increased from kp
app

 = 0.03085 h
-1

 with [St]0:[DmXDS]0 = 

200:1 to kp
app

 = 0.03450~0.03465 h
-1

 with [St]0:[DmXDS]0 = 

250-300:1. Further decreasing the concentration of DmXDS 

resulted in the decreasing of polymerization rate. Such results 

well demonstrated the multi-function, or iniferter, of DmXDS 

in the polymerization. The increasing concentration of DmXDS 

resulted in the increasing rate of initiation, which accelerated 

the polymerization. However, the termination reaction was 

increased simultaneously, which reduced the polymerization. 

By the combination effect of initiating and termination 

process, maximum polymerization rate was observed in case 

of [St]0:[DmXDS]0 = 250-300:1 (Figure 3S in supporting 

information).  

 It worth to further indicate that under different 

concentration of DmXDS, induction period from several to of 
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27 hours was found in Figure 2, which may due to the time 

consumed in pre-equilibrium between primary radicals and 

DmXDS. Thus, the duration of induction period was decreased 

with the increasing of molar ratio between monomer and  

4 5 6 7 8 9 10

Ð 

PS Before Chain Extension

M
n,GPC

 = 3500 

     = 1.14

Retention time (min)

PS After Chain Extension

M
n,GPC

 = 32200 

      = 1.35 Ð 

 

Figure 5. GPC traces of before and after chain extension using PS prepared by DmXDS 

as macroinitiator. 

DmXDS (Figure 2S in supporting information). Lowest induction 

period of ~4 hours was observed in molar ratio of 

[St]0:[DmXDS]0 equaled to 800:1. Owing to the feathers of LRP, 

the resulting polymer was still active, which could be used as 

macroiniferter for chain extension. In such situation, the pre-

equilibrium between primary radicals and DmXDS could be 

removed. The chain extension kinetic was showed in Figure 4. 

Very short induction period of ~10min in chain extension 

verified that the induction period in presence of DmXDS was 

caused by the pre-equilibrium between primary radicals. 

Linearly increasing of ln([M]/[M]0) with polymerization time 

demonstrated the constant propagating free radical 

concentration during the polymerization. 

 The GPC curves before and after the chain extension was 

shown in Figure 5. The peak of original PS was thoroughly 

shifted to shorter retention time range, which indicated the 

high activity of chain ends in the original PS. After 

polymerization of 35.5 h, the molecular weight of polymer 

increased from 3500 g/mol to 32200 g/mol with 45.6% 

monomer conversion. The molecular weight distribution 

slightly increased from 1.14 to 1.35.  

3.3. Structure analysis 

 The structure of the polymer was characterized by 
1
H NMR. 

Figure 6a showed the 
1
H NMR spectrum for polystyrene 

obtained from DmXDS mediated polymerization. From Figure 

6a, the signals at about δ= 3.45-3.80 ppm could be assigned 

to the methyne protons adjacent to the selenium atom of the 

chain-end, which confirmed the existence of arylseleno group. 

The molecular weight of polymer was calculated based on 
1
H 

NMR (Mn,NMR = [(I7.23-6.20 - 6)/5]/(I3.80-3.46/1) × 104 + 368 ) = 4275 

g/mol), which was very closed to 4300 (Mn,GPC) assuming per 

DmXDS per polymer. MALDI-TOF was further used to analysis 

the chain ends of obtained polymer. The mass spectrum of PS 

with Mn,GPC = 4300 g/mol and Ð = 1.13 was showed in Figure 

6B. A series of population differed with mass of styrene repeat 

unit (m/z = 104.06) was found in the spectrum. The main 

population at m/z = 2770.92 was well matched with polymer 

with repeat unit of 20.  

 

8 7 6 5 4 3 2 1 0

Se

Ph Ph Ph

Sen-2

a

3 .9 3 .8 3 .7 3 .6 3 .5 3 .4

1.00

Chemical Shift (ppm)

193.82

A

a

 

2000 2500 3000 3500 4000 4500

Calcul: 2770.38, n = 20

m/z

B
Found: 2770.92

2760 2780 2800 2820 2840 2860 2880

m/z

∆ = 104.06

 

Figure 6. (A) 
1
H NMR spectrum of PSt (Mn,GPC = 4300 g/mol, Ð = 1.13, conversion = 

21.2%) in CDCl3, prepared under Xe-Lamp at 50
o
C. ([St]0/[DmXDS]0 = 200:1, t = 35h); (B) 

Matrix assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass 

spectrometry of PSt (Mn,GPC = 1900 g/mol, Ð = 1.11, conversion = 9.5%, [St]0/[DmXDS]0 

= 100:1, t = 84 h) 

The selenide structure cloud be oxidized to the unstable 

selenoxide with oxidant, and then decomposed to alkene.
20,41

 

Such behaviour of the obtained polymer (Mn,GPC = 4300 g/mol, 

Ð = 1.13) was verified by treating the polymer with hydrogen 

peroxide (30%). The structure of oxidized product was 

characterized by GPC, 
1
H NMR and MALDI-TOF (Figure 7). The 

GPC results showed slightly decreasing of molecular weight 

from 4300 g/mol to 4100 g/mol due to the elimination of 

selenide chain ends. The chemical shift at δ = 6.0~6.2 ppm and 

4.7~5.2 ppm assigned to vinyl groups was found in the 
1
H NMR  
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Scheme 2. Proposed polymerization mechanism.

spectrum of oxidized polymer. Also, the MALDI-TOF spectrum 

showed main population at m/z = 4287.97, which was well 

matched with the structure of di-vinyl terminated polystyrene 

with repeat unit number of 40. These characterization results 

demonstrated that the both ends of obtained polymer were 

terminated by diselenide moiety derived from DmXDS. 
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Figure 7. (a) 
1
H NMR spectrum of PSt after oxidization (Mn,GPC = 4700 g/mol, Ð = 1.13) in 

CDCl3; (b) Matrix assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass 

spectrometry of PSt after oxidization (Mn,GPC = 4700 g/mol, Ð = 1.13). 

 The polymerization mechanism in the presence of 

diselenide was proposed through modified iniferter route, 

which was showed in Scheme 2. Diselenide decomposed to the 

selenium centred radical 1 under the irradiation of light. This 

radical 1 added onto double bond of styrene to form the 

propagating radical 2 for the polymerization. Radical 2 could 

be transferred with diselenide. Such transfer reaction may 

dominate in the initial stage due to the relative high chain 

transfer constant of diselenide compound,
25

 which resulted in 

the significant induction period. Also, radical 2 could be 

reversible terminated by radical 1 (RT pathway) or 

degenerative transferred with dormant polymer (DT pathway) 

to form the polymer with α, ω ditelechelic polymer. The 

possible fragmentation of α selenide end was excluded for the 

high energy demanding, which ensured the controllability of 

the polymerization.  

Conclusions 

 The effect of substitution groups in diaryl diselenide 

structure on the visible light induced radical polymerization 

behavior of styrene was investigated. The results 

demonstrated that DmXDS with two methyl groups on 

benzene ring was the most effective iniferter due to the 

electronic and steric effect of methyl group. The obtained 

polystyrene showed controlled molecular weight and narrow 

molecular weight distribution (Ð < 1.3). Markedly induction 

period was observed in the polymerization. The duration of 

induction period was directly related with the concentration of 

DmXDS, due to the time needed for establish of pre-

equilibrium between primary radical with DmXDS. Such 

induction period cloud be overcome by using polystyrene as 

the macroinitiator to skip the pre-equilibrium process. The 

high end functionality of polymer in both α and ω ends with 

selenide structure was verified by NMR and MALDI-TOF. Such 

selenide end groups could be further transferred to double 

bond under oxidative conditions with high efficiency, to form 

polymerizable “macromonomer”, which was difficult to realize 

through normal radical polymerization. Thus, the current 
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results provided the alternative route to synthesize polymers 

with well controlled structures with selenide functional groups 

able for further modification. 
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