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Abstract

This study includes two parts, the first part is concerned with
using 4-oxo-TEMPO to synthesize poly(butyl acrylate) (PBA) via
nonisothermal process. At firs, AIBN, 4-oxo-TEMPO, butyl
acrylate, DDBSA and DMF were used to react under a two stage
temperature, that is the reactants are hold at atemperature for hours
then the temperature is raised to higher temperature, 147°C.

In order to control the molecular weight and its distribution,
the effect of the concentration ratio of 4-oxo-TEMPO to AIBN,
solvent amount effect, preheating time, preheating temperature and
content of DDBSA on the molecular weight characteristics of PBA
were investigated. In the second part, PS and PBA macroinitiators
are used to syntheszed PS-b-PBA and PBA-b-PS diblock
copolymer, respectively.

In experiment analysis, conversions were measured by TGA,
molecular weight and its distribution were measured by GPC, and
the relation between molecular weight and conversion was used to
ascertain if the polymerization is undergone in a living manner.
NMR was used to identify the structure of PBA after the preheating
step. NMR and UV are used to discuss the concentration change of
initiator and stable free radical concentrations, respectively.
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Reaction o
Time(hr) Mw Mn | PDI | Conv.(%)

2 11447 | 8460 | 1.35 25

4 55991 | 27766 | 2.02 21.9

6 | 7726831006 | 2.48| 630
%2 FEEAL BC FRL AL b IATCER

7

4e 0.02M % 1S F s 2,4,6 ] BF PBA A 5
Rt h bl g A

No | T/A | Timehr)| Mw | Mn | PDI | Conv.(%)
a 15 2 1581 | 1477 | 1.07 25




4 1797 | 1659 | 1.08 2.6
6 1894 | 1743 | 1.09 2.6
2 4168 | 3130 | 1.33 7.1
b 14 4 4633 | 3630 | 1.28 8.8
6 4802 | 3817 | 1.26 134
2 48214 | 9932 |4.85* 255
c 13 4 39074 | 9428 |4.14* 27.8
6 41694 | 10360 |4.02* 28.3
£3 7R d AEAHER Y  FHER L O5C R 2L & 14TCF ts 0 PBAGA S £
2 1A%
(@ TA=15
[y — 2hr
604 — 4hr
— 6hr
50 1
< 40
£
9 304
5
2 20
2
10
0
-10 4
20 22 24 2 28 3
Retention Time (min)
®) B TIA=1.4

Response (mV)

-10 4

-20 T T T T T
20 22 24 26 28 30

Retention Time (min)

(© T/IA=1.3
100 4

80
60
40

20

Response (mV)

204

10 12 14 16 18 20 22 24 26 28 30
Retention Time (min)



Bl 8 % 4-0x0-TEMPO/AIBN st & » JE4E A& 5 95C » 78
2P & 147CF Jis 2,46 /| P15 5 GPC B
(a) T/A=15, (b)T/A=1.4, (O)T/A=1.3

PS macroinitiator

120
110
100

Response (mV)

Retention Time (min)

B 10 r2 AIBN 5 42454 4-0x0-TEMPO 3 f8 % f o L 95Cf #
1br, 125C * Ji 1, 2, 3hr R & ¥ ¢ % 2. GPC Bl 3#

No MW of PS[T/MI[Time(min)] Mw | Mn |PDI|Conv.(%)

10 7960|6050(1.32] 2.2

a 7900 1.3 30 8000|6150|1.30] 2.4

120 |8450)6650|1.27] 4.4

120 |7940]6150|1.29] 1.3

b 7900 |16 240 |8180|6370|1.29] 24

360 |8420]|6540|1.29] 3.4

fow AR5 79002 E PS5 B Azk A T A At B2
4-0x0-TEMPO % & R ¥ ¢ i -b-B 3 Jf i~ fia W5 & K4

MW vs Conv. of Solvent effect

6000
—¢— Sml

5000 § = 0.5ml] g
—&— 15ml

4000

MW

3000 |

2000

1000

0
0 1 2 3 4 5 6

Conversion (%)



WO <% DMF e £ » SF#u8 & 5 95C » 94 2| B
& 14TCF b 24,6 | P55 ¢h GPC B 5 i 2,4,6 | p e
R LA

2 PS-b-PBA
@) TMI=1.3
160 ’/"\k PS
140
120
< 100+
E
© 80+
%]
2] .
2 604
%]
Q
& 404
20
0+
T T T T T T T T 1
21 22 23 24 25 26 27 28 29 30
Retention Time (min)
PS-b-PBA
(b) TIMI=1.6
130 e — Ps
120 . 2hr
110 / —— 4hr
100 ] : —— 6hr

Response (mV)

20 21 22 23 24 25 26 27 28 29 30
Retention Time (min)

Bl1l A3 8 5 79002 PS5 E A4 27
R ot B2
4-0xOTEMPO - 147C ™ & + R ¥ 2 % -b-R 7 %~ i
LR e

No MW of PYT/MIITime(min)] Mw | Mn |PDI|Conv.(%)

10 845016170|1.26] 1.1

a| 7900 |15 20 854016870]|1.24] 1.3

30 846017020|1.23] 1.5

10 113200 9290]1.22] 1.6

b | 11200 |15 30 |12271013(41.21] 1.9

120 |1244011030041.21] 2.0

5 F pdak 2 FHECE L 5 E AT L B SR
0.00IM 2 4-0xO-TEMPO & 147C™ R & R ¥ ¢ “f-b-R 5 S pe ™ fa B = R P
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PS-b-PBA
(@) TIMI=1.5

140
120

100

®
o
1

40

Response (mV)
]
1

Retention Time (min)

160 —
140 4
120 4

100

Response (mV)
3
1

Retention Time (min)

Bl112 27 Faak 2 B RCF o 5 B ATk AL et BlAR
2 4-oxO-TEMPO B & F ¥ ¢ i -b-B P 4 pe ™ fio 55 =
F4 2. GPC ®](a)Mw of PS=7900 (b)Mw of PS=11200

PS-b-PBA
00— Temp.=100-->125°C, T/MI=1
80
704
60 -

Response (mV)
]
1

LN B B B L B LA B B BN LN L B B B |
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Retention Time (min)

W13 oA R E e 5 5 E A A 100CTF AL | BE A 3BT 125CRE BT e H-bR7Hm
7 £ F 4 2 GPC W

1



PS-b-PBA
Temp.=100°C --> 125°C, T/MI=1

160 - PS
""""" 100°C Omin
1409 100°C 60min
1204 125°C  Omin
—— 125°C 30min
g 1004 ——— 125°C 60min
:J’ 80
%]
c
S
2 60
&
40 -
20
0 -

16 18 20 22 24 26 28 30
Retention Time (min)

B 14 rE R F e s EAhe B £ 100CH#- | FE A FERT ISCRERF L H-bRFFH™ i@
g & R4 2 GPC Bl

PS-b-PBA
T/MI=1.2, Temp.= varied
180 S e 100°C 1hr
160 4 ! 125°C 2hr
—— 135°C 2hr
1407 ; —— 147°C 2hr
120
>
£ 100+
@
c 804
o
Q.
S 60+
@

Retention Time (min)

B 15 MEMEF L 5 EAckem & 100CH & - i < 3iE R D 125C ~ 135°C ~ 147C & ‘af | PR
ERF L Gb-RA FELT BB R 2 GPC R

6.0 —— PS(6160)-b-PBA(980)

55 — . = PS(11200)-b-PBA(5580)
- - PS(11200)

5.0 ——— PS(6160)

Heat Flow (W/g)

-100 -80 -60 -40 -20 0 20 40 60 80 100 120

Temperature (°C)

M 16 1 MW=6160 % 11200 éhié 2 R ¥ & 4 5 E Ak MR & RF o S-b-R73 A2~ fa W% % B2 DSC

R@Feap 2 2+ £)
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PBA-b-PS
T/MI=1, Temp.=125°C

80~

704

60+

504

40

304

204

Response (mV)

10

0

-10

LN L L B B LA B LA BN BN B BRI B B B
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Retention Time (min)

B 17 22 B R G fa b BAcdedl & 125CT £ R & R H A fa-b-B ¥ 5 M5 £ R4 2 GPCH

PBA-b-PS
T/MI=1.3, Temp.=125°C

Response (mV)

-10

T T T T T T T T T T T T T T 1
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Retention Time (min)

Bl 18 1B A W~ fa 5 E Azde R E 7 4 0.006M 2. 4-0x0-TEMPO # 125C ™ & s R & R e~
fa-b-F ¥ ¢ f BB = R4 2 GPC W

MW
No | of | T/MI|Time(min)] Mw | Mn | PDI |Conv.(%)
PBA
2 - - * 24
A
5 - - * 3.6
1l 17 1 10 |200015 98960]1.97 -
B | 20 213350 99876]2.02 -
4340
30 244200123704 2.14 -
60 88830( 47240]1.88] 20.2
% 19 13 120 |10495(|57390|1.82| 36.7
180 |11970056790|1.95| 44.3

*% 5+ F @ B peaks = # B~ PDI
% 61 & 4c 40O TEMPO 0 % & R % i 7 fia-b-H ¥ ¢
FEBE RSP B3R 2 A0 G
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Axi PBAER S 0002M > B i PBA KR 5 0.001M

PN A RGN E A e & AR FRARF ] (LOB-LAB) A MR F R T fin 0 F a
BePE R s B REAEETP o ABATRAIE Sk R > TR kI RGP R e 3R 2 F
TR R e PTG R e R i -

ERE LRSS Gt RS s SR F L F-DRA G gL BB RS 5 gk (TR E L & 100
CTTH# BEHR/AERF > DSC2 A 479 ¥ 5§ 4 PSehTgp AT ' o
4v 11 GPC BV # P iE4 PS-b-PBA e & = o

ERERP FET fD-RF e GLBBME RS G A S DS FRFRAE 125C 0 24
¢ t514-0x0-TEMPO » = it 8 20k Jis o

F-om
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