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Weak single bond
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Reactive

double bond
R must be a good homolytic leaving
group and a good inititating species
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Z modifies addition and
fragmentation rates
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RRFHENELNCE (BIRE BEEEEPEIHELRE) ZRUT
(E-

{EEMEEGRIZBYICERT S E T, RAFTEAFT
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HTENLBFENFT, BEEIYFAIATIV (2= U—)b.
BRI 9. 10) [ RAFTBIDF ChHhRDEEMFHDTHD.
MAM DEE T—HRIICALSNTWLDIEEYM TS % LH
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BIOEK UCUEDTENDD. FEMKDEER)LA ABBIC
KRNI UTRKOBETT "% JIKDEDRZIND
BEICIE 7V IVEE RAFT Bl (46) ZAHWTHLWTUL &
S ERXRGFAHILRZIVIZIL T« K7 &E8IF. =k
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BERICEVLTHRN. IHhEREREDR ClRICE
IR—IHMUELC>IEDFR B . BIRIEZ 1T — K
PP OUITF = ROBAE, R=V7 / ATF)UTHD RAFT &l 6
PELTCWVWET, AFYT7US—bDBE. [R] OFERIFIER
[CEETI, BIAIE. 4. 5. 9DKDIERB=H 7/ F7)U
FIVETHD RAFT AllE. REIERMTTI . RAFT RIDDEH
Mz ITOATZUJVEEXTIL (MMA) D RAFT EGHIT
SEALET. =ErbE (80-100%) (D MMA Ef7 90C T.
1,1-azobis (1-cyclohexanecarbonitrile) FAIEFIZAWTITL. &
1z S-dodecyl S-(2-cyano-4-carboxy) but-2-yl trithiocarbonate 5 7&
1 60 BOREH#HFE CAHAWLEULIC % 6 BERICAE LD F
ENmZE 5 IRULET. BoN/cnFEF 2600 1D
125,000 (DEIFAT. CHUF RAFT BIDRE S EA UIzFEREID
BEICEDVEFAERS—BULTWVET % Feo £2TD
YT THEWDFENMZRULTWVET (PDI< 12),

[RAFT]=0.003 M, M,=125,000, ©=1.16
X [RAFT]=0.006 M, M,=84,000, ©=1.11
| [RAFT]=0.012 M, M,=39,600, ©=1.09
\ & [RAFT]=0.025 M, M,=20,600, ©=1.09

. [RAFT]=0.05 M, M,=9,300, D=1.11
|

1 [RAFT]=0.10 M, M,=4,600, B=1.15
| |p|| 8 [RAFT]=0.20 M, M,=2,600, D=1.17
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PMMA (D FE253f. 1,1-azobis (1-cyclohexanecarbonitrile) (0.0018 M) 753
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&M RAFT B (Z=NR(IFFHIVIAA—=R), Z=0R(F
S5 —b YT —M). R=7IVFIVEFRIEFFZU—=)D) &
BUOEBabRIFFESRINDFRIENEIETT ., BiEk
RAFT & (Z=R (JFAITRTI)L) Freldsr (FUFF AL
MF—hR)) TlE LAMODEGZEEEZEULCLEVNET, D
BRDE / N —DAED EEVREREETHZF DD, R
EOBRRHFIBICEEZELEDF T, 12 P 13 78ED RAFT
B CIEBEBRININEVND T, BEGICHEEMNEEI D E
BELHdDET, HIETDRAFTEIIC 11 BddD. D RAFT
Bl VAc DEEDOHIZER 1 ([TRULET

F1. BFEBE )LD RAFT ES

RAFT Initiator®

Monomer  Agent (Mx103)/ Conv M,

(M) (Mx10?) Conditions % M, (calc)© PDI

10.86 11 (4.98) AIBN (61) 96 22,700 18,000 1.24
60 °C 16 h

7.24 11 (5.06) ACHN (28) 93 13,400 11,440 1.29
75°C16 h

724 11 (10.06) ACHN (28) 95 7,100 5,880 1.25
75°C16 h

AIBN: 2,2"-azobis(isobutyronitrile) (Aldrich Prod. No. 441090);

ACHN: 1,1"-azobis(cyclohexanecarbonitrile) (Aldrich Prod. No. 380210)
Prumber average molecular weight in polystyrene equivalents.

“calculated molecular weight based on complete consumption of RAFT agent.

O :

N o]
/ _<S—\ —/ %S
CN CN
11 12
Aldrich Prod. No. 723002
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6. LAM (I8 U C BIFEEGHIfZR I —ED RAFT &l

)& Z OJEETE RAFT Hl

HOIFRE. FBIGEMOHIR RAFT BIIC DV THRELF L
feht. THUE MAM & LAM (Dl 5 DE G T R /il il 7z =
WMTED [UEZTREL] RAFTEITH O, KDWDFE
D7 FFD polyMAM-block-polyLAM TR U X —D K D E{E7L
BHHATEECIEDE U TeERIR. D 4-pyridinyl-N-
methyldithiocarbamate 558 4A7Z BULCFIAIC KD, PMMA-
block-PVAc KU PMA-block-PNVC DEREDMTHOINTLE T,
CDFFEARIC K DT N-4-pyridinyl-N-methyldithiocarbamates &,
LAM DEGZRWICHIEICE (R¥F—L2). JOM/E
INEB AR, MAM DEAZHRMICHIE CEET %

(VIS \ 8
N=—
d%S”H @MH
\—7 \_/

RAFT

—_—
controls
VAc, NVP, NVC
base || H"
v S 8
N=( N—
— S-R = S-R  RAFT
\ < >Ny controls
+N *N
H H MMA, MA, St

AF—L2. pHZHIHITHTET. LAM E MAM DEHFDEED A B
RAFT &

Weia
ENEATIIFRELEERE) (RAFT) (& SYHILEGHIEOR
BHEEFEWED—DE U THHESNAOR IITIEDF U,
RAFT (FFESE CRAMENSD D €L CSINIVEGH R
T/ N—DREBHERAIEECH S CEHBESHITE> T
T, 22U, BUSNRIDEADEREHE T, £/ V—IC
I U CERaBiiS RAFT AV EING & C &P RItvxiTD LTIk
BICEETY,
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RAFT &l

Name
2-Cyano-2-propyl benzodithioate

4-Cyano-4-(phenylcarbono-
thioylthio)pentanoic acid

2-Cyano-2-propyl dodecy!
trithiocarbonate

4-Cyano-4-[(dodecylsulfanylthio-
carbonyl)sulfanyl]pentanoic acid

2-(Dodecylthiocarbonothioylth-
io)-2-methylpropionic acid

Cyanomethyl dodecy!

trithiocarbonate

Cyanomethyl methyl(phenyl)car-
bamodithioate

Bis(thiobenzoyl) disulfide

Bis(dodecylsulfanylthiocarbonyl)
disulfide

S I NIVERA]

S INIVEBEIDLERE Y 2 S sigma-aldrich.com/polymer-jp 7 & < JEE0L),

Name

1,1"-Azobis(cyclohexanecarbonitrile),
ACHN

2,2"-Azobis(2-methylpropionamidine)
dihydrochloride,
AAPH

2,2'-Azobis(2-methylpropionitrile),
AIBN

44'-Azobis(4-cyanovaleric acid),
ACVA

Structure
S HsC CN

|
©) <5,

S HgC CN
/Aﬁsxﬁr"”
g 0

S HsC CN
OHs(CHaCHa g e

S HsC CN
CHy(CHa)oCHz- o AL )Q/YOH

S
[e]
S HaC CHg
CHS(CHZ)‘OCHZ\SkS)S(OH
)
s

CHa(CHalaCHz g I~

S
~_N__S._CN
Y
2 S

S

= | S/S

™ S
S

CHS(CHE)wCHZ\SkS/STS\CHg(CHg)wCHg

S

Structure

we
(Faen

HsG CHs  NH

HN NN NH, * 2HCI

NH  HsC CHg

HaC, CHs
NN N

HsC CHg

N=C

HeC CN o

HONNCNNOH

o) HsC CN

Description

RAFT agent for controlled radical
polymerization; especially suited for
the polymerization of methacrylate
and methacrylamide monomers.
Chain Transfer Agent (CTA)

RAFT agent for controlled radical
polymerization; especially suited for

the polymerization of methacrylate,
methacrylamide and styrene monomers.
Chain Transfer Agent (CTA)

RAFT agent for controlled radical
polymerization; especially suited for
the polymerization of styrene, acrylate
and acrylamide monomers.

Chain Transfer Agent (CTA)

RAFT agent for controlled radical
polymerization; especially suited for
the polymerization of vinyl ester
and vinyl amide monomers.

Chain Transfer Agent (CTA)

Precursor for the synthesis of RAFT
agents for controlled radical
polymerization.

Purity
98%

97%

>98%

>98.0%

Cat. No.

722987-1G
722987-5G

722995-1G
722995-5G

723037-1G
723037-5G

723274-1G
723274-5G

723010-1G
723010-5G

723029-1G
723029-5G

723002-1G
723002-5G

723118-5G

723126-5G

Cat. No.

380210-25G
380210-100G

440914-25G
440914-100G

01-7220-2-25G-)
01-7220-5-500G-J

11590-25G
11590-100G
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Name Structure
Methacrylamide ¢}
HQCYLNHZ
CHg
N-Isopropylmethacrylamide O CHg
HC N)\CH
3
Chy 1
N-[3-(Dimethylamino)propyllmeth- [o]
acrylamide HZC%NMNLHS
CH, CHs
7-[4-(Trifluoromethyl)coumarin] CFy
EJ methacrylamide o | S
@ H-C N )
D) CHg
'f\—J Di O 3 methacrylamid o
isperse Orange 3 methacrylamide
I]D P! 9 Y HoC %N N‘NONOQ
] cH, 1 :
Al 3
=
L=
e~
g
—~ —_
z| XYIOUS—KE/N—
-
] ATTUS—hE/NX—D2REm A ME
=l sigma-aldrich.com/polymer-jp 7= & <12,
A
=

Name
Sodium methacrylate

Methacrylic acid

Methyl methacrylate

Ethyl methacrylate

2,2,2-Trifluoroethyl meth-
acrylate

Butyl methacrylate
Hexyl methacrylate
Lauryl methacrylate

Stearyl methacrylate

.com/japan

ALDRICH
Materials Sclence
sigma-aldrich

A

HERUXYIUS—FE/Y—

R Group
*—Na

*—H

*—CH,

= CFy

*/\/\CHg

*—CHy(CHy)4CHg
*—=CHa(CHg)10CH3

*—~CH2(CHz)16CH3

Purity
99%

99%

99%

99%

99%

99%

98%

96%

Purity
98%

97%

99%

98%

[0}

HZCYJ\OR

CHs

Additive

monomethyl ether hydroquinone
250 ppm as inhibitor

monomethyl ether hydroquinone
10-100 ppm as inhibitor

monomethyl ether hydroquinone
15 ppm as inhibitor

monomethyl ether hydroquinone
10 ppm as inhibitor

monomethyl ether hydroquinone
300-500 ppm as inhibitor

Cat. No.
109606-5G
109606-250G
109606-500G

423548-25G

409472-250ML
409472-1L

566225-500MG

595845-1G

Cat. No.

408212-50G
408212-250G

155721-5G
155721-100G
155721-500G

M55909-25ML
M55909-500ML
M55909-1L
M55909-2L

234893-100ML
234893-500ML
234893-1L

373761-25G

235865-5ML
235865-100ML
235865-1L

462373-500G
462373-1KG
291811-100ML
291811-500ML
411442-250ML
411442-1L



Name
tert-Butyl methacrylate

Isobutyl methacrylate

2-Ethylhexyl methacry-
late

2-Hydroxyethyl metha-
crylate

2-Hydroxyethyl metha-
crylate

Hydroxypropyl methacry-
late

2-Aminoethyl methacry-
late hydrochloride

2-(Dimethylamino)ethyl
methacrylate

2-(Diethylamino)ethy!
methacrylate

2-Isocyanatoethyl metha-
crylate

Allyl methacrylate

Glycidyl methacrylate

Furfuryl methacrylate

Benzyl methacrylate

Cyclohexyl methacrylate

3-Sulfopropyl methacry-
late potassium salt

Isobornyl methacrylate

Glycosyloxyethyl metha-

crylate solution,
5% (w/v) in ethanol

Ferrocenylmethyl metha-
crylate

2-(Trimethylsilyloxy)ethyl
methacrylate

3-(Trimethoxysilyl)propyl
methacrylate

R Group
CHj3

CHg

CHg3

v~-OH
o ~-OH
. /\/\OH

. ~_NH, «HaI

CHg
N
s Ny

e
L

e SOK
(o]

HsC_ CHs
CHa

OH
. o
~"o oH
OH
OH
IT'e

CHs
. O-Si-CHs

CHs

OCH;

N §i-OCH3
OCH,

Purity
98%

97%

98%

>99%

97%

97%

90%

98%

99%

98%

98%

97%

97%

96%

>97%

98%

95%, NMR

96%

98%

Additive

monomethyl ether hydroquinone
200 ppm as inhibitor

monomethyl ether hydroquinone
<15 ppm as inhibitor

monomethyl ether hydroquinone
~50 ppm as stabilizer

monomethyl ether hydroquinone
<50 ppm as inhibitor

monomethyl ether hydroquinone
200-220 ppm as inhibitor

monomethyl ether hydroquinone
250-350 ppm as inhibitor

monomethyl ether hydroquinone
2,000 ppm as inhibitor

phenothiazine 100 ppm as inhibitor

BHT <0.1% as inhibitor

monomethyl ether hydroquinone
50-185 ppm as inhibitor

monomethyl ether hydroquinone
100 ppm as inhibitor

monomethyl ether hydroquinone
200 ppm as inhibitor

monomethyl ether hydroquinone
50 ppm as inhibitor

monomethyl ether hydroquinone
~60 ppm as inhibitor

MEHQ 150 ppm as inhibitor

lonol® 46 (Raschig GmbH) as inhibitor

Cat. No.

463353-100ML
463353-250ML

169919-1L

290807-25ML
290807-1L

477028-25ML
477028-100ML

128635-500G
128635-1KG

268542-100ML
268542-1L

516155-5G
516155-25G

234907-100ML
234907-1L

408980-250ML
408980-1L

477060-5ML
477060-50ML

234931-100ML
234931-500ML

151238-100G
151238-500G

411760-25ML
411760-100ML

409448-250ML
409448-1L

408964-100ML
408964-250ML

251658-100G
251658-500G

392111-100ML
392111-500ML
392111-1L

659576-25ML

700479-1G

347485-25G

347485-100G

440159-100ML
440159-500ML
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ZERMEXYIUS—ME/NY—

Name R Group Purity Additive Cat. No.
Phosphoric acid o R'= +«—H - MEHQ 700-1000 ppm 695890-100ML
2-hydroxyethyl metha- i 695890-250ML
—P-OR' o/
crylate ester ~~OF-OR andor oy
OR' .
R = \/\O)YCHZ
CHs
1,4-Butanediol o 95% monomethyl ether hydroquinone 234958-100G
dimethacrylate '\/\/\OJ\(CHz 100 ppm as inhibitor 234958-500G
CHsg
1,6-Hexanediol % hydroguinone 100 ppm as inhibitor 411736-100ML
dimethacrylate **CHg(CHg)ACHZO)kaHZ
CHg
Glycerol dimethacrylate, 9] 85% monomethyl ether hydroquinone 436895-100ML
mixture of isomers /Y\ | )kléCHg 200 ppm as inhibitor 436895-500ML
OR'" R'=Hor*
aJ OR' CHs
)ET\J Diurethane dimethacry- HRGHs Ren, O CHs topanol 225 ppm +25 ppm as inhibitor 436909-100ML
late, mixture of isomers ,/\/OTN\MAN*O/\/O\"/gCHQ 436909-500ML
N I H J
j]l] R'=H or CHg (~ 1:1)
Eﬁ Trimethylolpropane o monomethyl ether hydroquinone 246840-100G
= trimethacrylate HC OJ\[&CHQ 175 ppm as inhibitor 246840-500G
g HaC o CHs CHj
o=}
%
~
o]
>
M
_'
N~—
PANS
=

NALDRICH

BEGIE M SOAErF

Aldrich Materials Science —

[EaFHE] D xIYA b www.sigma-aldrich.com/polymer-jp
*3000mBM EDE/N¥— - RUN—ZHESHIICHTE

c B FREEREEPARNES D FOYIEER
* ABEFRBAIDIRNANG MU IDIVEEFEBAIDY IR

S ELEIEH,

We focus on Materials so you can focus on results.

SiGMA-ALDORICH"

sigma-aldrich.com

.com/japan

ALDRICH
Materials Sclence
sigma-aldrich

A




—hOFY RENULUESIAIVES (NMP) :
mERDHBRI =R\ OY yEESHFE

Nam S. Lee and Karen L. Wooley*

Departments of Chemistry and Chemical Engineering
Texas A&M University

PO. Box 30012, 3255 TAMU, College Station, TX 77842-3012
*Email: wooley@chem.tamu.edu

(FU&IC

BEIINIIVERF. 80F0OT 1 X 0EE. . 77—
TOF v OENCHIEERB FOFEM S ZFREA . B
D FALZOMEITIE L TIFESIEVNRIL T, 1990 FLH
RICBESNCTIVAIVESIFEERU N —DIERZRS(C
U T/HYATVREST /T /09— eEREER
SEFEU, DEDH. COEARUN—IE, TA L0,
BHEEDONBRIFNEBIEED, /(S A—5F—HDFR088K
BeaeE T /BEDEILT IOV I EEDES, O
[CENCEEHEE. SYNIVEBEERINMZRTES Do

O,
O

;:> initiation

5%

)

w %

/

thermally labile
alkoxyamine bond

R}zﬁ: Rs

general NMP

initiator structure propagation

E:

ERr:
>

propagation

. oo
R4
O-N

0N

EERIGCEDVWTWVWEY ., COBBDEADUE VIR
[CLoT. #ESNcnFEPFVDFELTMZRDIRY

—DERDHABEICEDIEITTHEL. ToIC. EEHERED
T/ X—ZRVWTCHFHEZEZRESETDIET. XILFJOY
IHEGHRZBOCENTEEFT, ZhOFY MENULIED
T H)VEE (NMP: Nitroxide-Mediated radical Polymerization) [,
CDXDIFHESNES I NIVEERIGD—DTI R, D
MHORRNEHBCIE. RFEESINIVESR (ATRP) PAE
BN IIFEEEESE) (RAFT) EAHDDET . NMP [FZD
EESHRADHRTHD. ABBS I HIVIRPCEEAENTS
<TH. BNICEADFIBLET . AF—L1[TRUIEKD
([C. NMP IS UH)LERIAHI (1) &E/N— (M), TULT
TESYAIEZ NDYTITH NAFY RS IAIL (R)
DHBEDEZNEE UFR T HIAF BN A )L (SAS
REBES 03-1565) DAIRNEUICKoT, ATFLVE
IN—DEEZIRCEDTINIVIERLER T ERD
RN —EZ R Ukl E BRI BIICAZTE (labile)
BPIVAFV TP ZVEEER T O NOFY RS IAILED
FItvaZAIEAEREIERIDD. RIS Y H)ViEDE7ZH
L., TOER. BDHENTREEEDRT, CCCEE
BT EF. TEFZ bOFY RS IUAVEHENELERINZE
BRIITEFHD>TH. BAZEHRITDEFEVNEND T
&£T9,

D aret

reverS|bIe
termination nitroxide-trapped alkoxyamine
structure, A
rever5|ble ; i
termination

reversible termination events
provide controlled
polymerization

propagation to polymer

AF—LAL 1. NMP DRIDHERE, BRIV A)UEERE] (1) TRI\BSI. TEMPO =

FOFYRSIAIL R) ZNUIEATFUVE/N— (M) DEGZ

KUTWET, Ffew PIVTFITPZIVENR—RAET HE—DF NP BRI —ESHRULE U,

1

FUIRFCOR7Z\HO7 1 |

~
=

(dININ) DDA
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DUBpS SeLRIEH
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ALDRICH
Materials Sclence

A

sigma-aldrich.com/japan

NMP (B8 T DFRENILESD—DIC, B—DHFh'5S. B4
HERAS DRINVES I HILE . KIVEEN T HZEZ OF
VRS IUAIOBEAERIES & EDRIEEL IV IFI 7=
VDEEENDDFET s FIHAID NMP Tldk, = hOF RIEH
DI AIVRTERSNaR ) N—#Z BB CEIE T DA
MEIE UTHWTWE UTE % BB LY A )L TR EN
ERFUIILTIAIL (RF—L1DEEA) TV TT
BDIZHIC TEMPO ZAHWD CET. WD FEN T ZRIF UL
Do, DFEORBEBEDPRELERHEDNS. LTI
Ov O HBESEOEMDEIRETH D T E% Hawker ([FRULEFL
feo FD%. BIFNAREAEI (Univeral Initiator) ZBEFEL °.

il
xrc

Aldrich Prod.
No. 710733

tert-Butyl acrylate
Aldrich Prod.

HRODIARE CIEINTVET, CONARIRHZHIA
9o L COFERRIFTOERDERES (CHDFTUIEH, 5
H. COREAIF Aldrich B STIERSNTCLISTZED. NMP BTFE
TEE LT DD ERFINE T, BAIFKITOMmIRE %
JOvoHBEAHOBECEBILICKDT / AT —IUEBEDRE
BOfHIC, NAREIEE (Aldrich BFRZES 700703) 7=, 5
L2/~ hREONNTDZ AOFV R (EETITRY
N—FKmDEEZF v v T UPI<IDIEHITHM) 7
EFCHERAL . SN FESHFVLD FEDHZR DM
FE 0Oy OHBEAWBIERGE () & poly (tert-butylacrylate)
-b-poly (4-acetoxystyrene) (II) ZEALELC (RF—L2),

0

A
140 50/*\

4-Acetoxystyrene )T\ o O

Aldrich Prod.

No. 327182 No. 380547 o
"Universal initiator" 125°C,36 h 125°C,4h >:O
Aldrich Prod 50% conv. M, "¢ =18.220 Da 25% conv. M, "¢ =26.330 Da
No. 700703 80% yield M, "R = 19,130 Da 87% yield M, = 26.620 Da

PDI=1.10

PDI=1.12

AF—L 2. JFLF NMP BEIEEIZ FALYE poly (tert-butyl acrylate) (1) (D&ERE. poly (tert-butyl acrylate) -b-poly (4-acetoxystyrene) (Il) D&M

KU IUIVEE t- TF ) () DER

'HNMR & PCNMR AR BUIE, AR E U TZENZT 300
MHz BKU 75 MHz TRIE L. BETO NV ZEESE UFEL
feo MAEZR LTz s0mL a0 7SR DICHSER 7=
AN, BXRFHS N R T N-tert-butyl-N-(2-methyl-1-
phenylpropyl)-O-(1-phenylethyl) hydroxylamine (124 mg. 0.381
mmol. Aldrich &#FRES 700703). 2,2,5-trimethyl-4-phenyl-3-
azahexane-3-nitroxide (4.19 mg. 0019 mmol. Aldrich R@ES
710733). tert-butyl acrylate (10.16g. 79.6 mmol. Aldrich &5
#5327182) ZMAFUlce RIS A DZEH U TCER
TI10BEEEL. RIWBAEYORENSZ 3 OEDRLE
Ufc. REDESHE. RIWEGYZZERICRLT 10 0[BE
BLTHHS. HEDUHMELL THWLZ 125CDA A JUINZ
[CRELCEAZRIAULFE Uc, 36 A% (EbEODRE
T —YIEE 1), HNMR DTSR T 50%DE ./ ¥ —i51t
E(OGEUCCEZERULEF U (B3). RN SADZR
HREBRICTFPBETDCE CEAZFEILLE UL, &G
JEOE THE (Aldrich HRES 401757) (TB#FL. H.0/
MeOH (viv, 1:4) ZRWVCILREEEZ 3 BT D & CopiA (1)
EHEMARELUTEF U 419, B/ NV—iR{bREZEHE(C
LT 80%MINER, M,""" =19,130 g/mol, M, = 18,220 g/mol, PDI
=110, "HNMR(CD:Cl, ppm): & 1.43(br, 1290 H), 1.80 (br, 70 H),
2.21(br, 160 H), 7.14-7.26(m, 10 H) o "°C NMR(CD:Cl, ppm): & 284,
36.5,38.0,425,809,17440) s GPC T—2 (3B 2 [CIRLE LT,

Kinetic plot of |

50 ———— —————
= 40
[
g
&30¢
c
S
S20F
>
[
o
(W)
10
T y=1.9876 + 1.3179x R=0.99643
0 i L i L i L B
0 5 10 15 20 25 30 35 40

Time (hours)

E1. T/Y—E(ER (—tr ) ERINEREOBRER,

GPC trace of |
120 ¥ ¥

RI Response (mW) _
N (o)} [e] o
o o o o

N
o
T

0 a B
16 18 20 22 24 26
Time (min)

K 2. | DD FED. Ma=18220g/mol. PDI=1.10,

8 7 6 5 4 3 2 1 0PPM
3. 1D 'HNMR AT Kb,
200 150 100 50 0PPM

B 4. 1D "CNMR 2T ~)bs




I_R)U (77 D) )Ijﬁﬁ t—7"9:)lx)14o-b-7|'(’ y)
(FERrFIAFUL)s () DER

'HNMR & PCNMR AR VI, AR E L TZENZ1 300
MHz BXRU 75 MHz TRIE L. BETO M ZEEELFL
feo NMBEZIRUTZ50mL a0 DR DICHSIER T
AN BRFHT . =R TPBA (1) (124mg. 0381
mmol). 2,2,5-trimethyl-4-phenyl-3-azahexane-3-nitroxide (4.19
mg. 0019 mmol). 4-acetoxystyrene (10.16 g. 79.6 mmol.
Aldrich HMES 380547) ZMMAF Ulc, RINI DA D%ZE
FHUTERT 10 0ERTF L. RIWESYDEMEHSZ 3 0
BORLE Uz, mEBDHSE. RINEAYZERICRLT
10 0EEFLTHh S, oo USHIELTEWLZ 125CDA
A)NRICRELCEAZRIBUF Ufc, 4 FE% (Erfbk
OFEERT —IEE5) . HNMR DT C R DT 25%DE/ ¥ —
fER(CELUCCEZRRUF L B®@7). RINTSRD
TREBRICTIFPRETHCETEAZRELELEF U
RIEEY7Z THE (TAE L. H.0/MeOH (v, 1:4) 72U
SERRERZ 3 [E1TD C & Ty PBA-B-PAS (I) ZHEMAREL
TRFUCU629. B/ X—Ir(EFZEZAE(C LT 87%DUEE,
MM = 26,620 g/mol, My = 26,330 g/mol, PDI = 112, 'H NMR
(CD:Cl, ppm): & 143 (br, 1500 H), 1.80(br, 100 H), 2.21 (br, 290 H),
6.36-6.82(m, 190 H), 7.14-7.26 (m, 10 H) o "*C NMR(CD:Cl,, ppm,
8):521.5,284,36.5,38.0,40.5,42.6,80.9,121.8,128.9, 143.0,
1494,169.7,174.7.) 0 GPC T—(FE 6 [CIRLFE LT,

Kinetic plot of Il
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GPC trace of Il
160 |k 4
=
§120 3 r
(]
wv
c
o
2 80k -
(]
o
o
40 L
0 i i
16 18 20 22 24 26
Time (min)

®6. | DDFEDT. Mn.=26330g/mol. PDI=1.12,

8 7 6 5 4 3 2 1 0PPM

B 7. 1D HNMR AT Nl

L ; il I L )i
200 150 100 50 0PPM

8. 1D "CNMR AT ~bs

Normalized GPC Traces

= PtBA
=== PtBA-b-PAS

RIResponse (mW)

16 18 20 22 24 26
Time (min)

B9. EMRMEUIC GPC AR, MUN—1BK0 N1DAFENMZRLTL

o

=D
&
LA NMP BRI6%] (Aldrich ®ERES 700703) ZHWS. il
HENfenTFESEV PDI ZEY MRS Y JOv I HE
BERIEMEDEZIEEREETRUE Ulce COFAE. B85
DTINIIEEZETOULEDRRIESEE DR ENEE T
T MBEDIFHINT D FOFT R (Aldrich 84RES
710733) AT HETEIFTTT . BEWMICESNcTOY
THEBARIILBABRICKDBREDE / Y—ZREL. BRR
ELUFEUlc, COTOw IHEAURDTEM T D KPR TODHES
FEARDOF /BEDEESY A4 XE, MU~N—TOv o0
RIEETOVIRDERCFESNETIH. NLHNMP 5
EEIZRWNCEERINCK > TREBICAHIHT O ENTESR
Fo CORIMARIFEMTHDT END. NMP BILADIEZ
BIRICIAT D C EDEIEESNE T,
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NMP BEIEE
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U A ~& sigma-aldrich.com/polymer-jp 7# CEBE L [T W),

_ Name Structure Description Cat. No.
. N-tert-Butyl-N-(2-methyl-1- CHs tBu Universal alkoxyamine initiator for 700703-250MG
'\ phenylpropyl)-O-(1-phenylethyl) ) N nitroxide-mediated living radical 700703-1G
| hydroxylamine - ‘ o polymerization (NMP initiator). Particularly
;‘: N HaC™ “CHg useful for synthesis of styrene and acrylate
:/ polymers and co-polymers.
'\“ N-tert-Butyl-O-[1-[4-(chlorometh- CHz t+Bu Functional alkoxyamine initiator for 711268-250MG
ylphenyllethyl]-N-(2-methyl-1- O,N nitroxide-mediated living radical
/%\ phenylpropyl)hydroxylamine a polymerization (NMP initiator). Particularly
A HsC™ "CHs useful for synthesis of styrene and acrylate
LJ polymers and co-polymers.
7‘: 2,2,5-Trimethyl-4-phenyl-3- CHs (I)' CHs Stable nitroxide radical useful in 710733-250MG
= azahexane-3-nitroxide controlling living radical polymerizations 710733-1G
- HC N CHs
3y s CH,
E TEMPO, 2,2,6,6-Tetramethyl-1- Stable nitroxide radical useful in 426369-1G
N piperidinyloxy H3C>(j<CHa controlling living polymerizations 426369-5G
= HaC™ "N” "CHg
—~ o°*
=
<
o
N—
» \Y . W —
—_ VPR E/N—BROCEZIIRTIVE/ NV —
EZIL7=ZRE EZJLIX €
T/ NX—D2EE Y 2 & sigma-aldrich.com/polymer-jp 7 Z& < JE S0,
Name Structure Purity Additive Cat. No.
N-Vinylformamide 0] 98% 4-Hydroxy-TEMPO 25-55 ppm 447331-100ML
NN - as stabilizer 447331-500ML
H 2
N-Methyl-N-vinylacetamide )CL 98% - 255130-100ML
255130-500ML
HoC™ N7 SCH,
CHj;
Vinyl propionate o 98% monomethy! ether hydroquinone 401714-500ML
HSC\)J\OA\CH <100 ppm as inhibitor
2
Vinyl pivalate (0] 99% monomethy! ether hydroquinone 124400-250ML
tBu)kO/%CH 6-15 ppm as stabilizer 124400-1L
. 2
Vinyl neodecanoate, mixture (o] - monomethy! ether hydroquinone 134481-1L
of isomers CQHIQAO&CHZ 5 ppm as inhibitor
Vinyl decanoate o] 95% - 411795-10G
CH3(0H2)7CHZA0/§CH2
Vinyl stearate o 95% 436208-50G
436208-250G
CHy(CH)1sCHy ™ 0™ CH,
Vinyl benzoate o >99% hydroquinone 20 ppm as stabilizer 403091-100ML
= 0" cH 403091-500ML
2

c
0]
o
©
:
€
[e]
v
L
v
i |-
HF
€
|
@ |:
:

C
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T/ X—D2RR 1 X N sigma-aldrich.com/polymer-jp & C& < 25U,

ERRMERFLUVE/N—

Name Structure Purity Additive Cat. No.
a-Bromostyrene Br 90% - 292273-5G
©/§ cHy 292273-25G
2-Bromostyrene = ‘ NCH, 97% - 132683-1G
g, 132683-5G
3-Bromostyrene Br. S 97% 3,5-di-tert-butylcatechol 0.1% 132675-5G
CHy P
\©A as inhibitor
4-Bromostyrene SCH, 98% 3,5-di-tert-butylcatechol 0.1% 124141-10G -
as inhibitor 124141-25G s
Br '\
; ¥ O
2-Chlorostyrene = SCH, 97% hydroquinone 0.1% as stabilizer 160679-5G :‘:
9 160679-25G J
Cl S/
3-Chlorostyrene = SCH, 98% 3,5-di-tert-butylcatechol 0.1% C71009-1G '\
S | as stabilizer %
2
Cl )LL
4-Chlorostyrene 2 SCH, 97% 4-tert-butylcatechol 500 ppm C71203-10G 7’:
A as inhibitor €71203-50G S
Cl e
4
4-Chloro-a-methylstyrene CHg 98% tert-butylcatechol 100 ppm C57200-25G 7‘]
as stabilizer
= x
Jon: P
a =
=)
2,6-Dichlorostyrene [e]] 99% - D74509-2.5G s
SoH, D74509-10G =
<
Cl e
N—
4-Vinylbenzyl chloride NCH, 90% tert-butylcatechol 500 ppm 436887-25ML
cl as inhibitor 436887-100ML
nitroparaffin 500 ppm as inhibitor
Vinylbenzy! chloride Cl 97% tert-butylcatechol 50-100 ppm 338729-25G
NCH, WCHZ as inhibitor 338729-100G
cl S | nitromethane 700-1100 ppm
- as inhibitor
Mixture of isomers
2-Isopropenylaniline CHs >98% - 194212-5G
VI§CH2 194212-256
NNH,
3-Vinylaniline SCH, 97% - 560839-1G
560839-5G
NH,
4-Vinylaniline & SCH, 97% - 536180-1G
S | 536180-5G
HoN
N,N-Dimethylvinylbenzyl- 97% - 476382-10G
amine, mixture of isomers
3-Vinylbenzoic acid 96% - 523089-5G
4-Vinylbenzoic acid 97% - 254738-1G
254738-5G
3-Isopropenyl-a,a-dimethyl- CHs 95% - 361771-250ML
benzyl isocyanate 361771-1L
yl isocy CH,
HsC
HoC NCO
o
>
. r
:é %
)
h
:L
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Name
a-Methylstyrene

Methylstyrene

3-Methylstyrene

4-Methylstyrene

1,3-Diisopropenylbenzene

24-Dimethylstyrene

2,5-Dimethylstyrene

24,6-Trimethylstyrene

4-tert-Butylstyrene

4-Vinylanisole

4-Acetoxystyrene

4-tert-Butoxystyrene

34-Dimethoxystyrene

2-Fluorostyrene

3-Fluorostyrene

4-Fluorostyrene

2-(Trifluoromethyl)styrene

3-(Trifluoromethyl)styrene

4-(Trifluoromethyl)styrene

2,6-Difluorostyrene

Structure

Q
I
5

;
Q
I
S

Vi
o
I
g

7N
P

o
I
I

/i
Q
I
S

“CH,

T
=)
[¢]
o
I
<\ E; 5

Q
I
@

f ;
7/
o
I
S

I
@
[}

CH

A

/
o
I
3

Q
I
g

m
m 8
/ /
I} &
I
E

AN

/
(o)
I
Iy

11
4

g
Y
J o
I
o

/i

Q
I
g

o
l
w

,1
<

T % \2

/

(o]

E:

oy
(e}
I
3

Purity
99%

99%

99%

96%

97%

97%

99%

95%

93%

97%

96%

99%

98%

97%

99%

99%

99%

98%

99%

Additive

p-tert-butylcatechol 15 ppm
as inhibitor

4-tert-butylcatechol <50 ppm
as stabilizer

3,5-di-tert-butylcatechol 0.1%
as inhibitor

3,5-di-tert-butylcatechol
as inhibitor

tert-butylcatechol 100 ppm
as inhibitor

tert-butylcatechol <0.05%
as inhibitor

tert-butylcatechol 100 ppm
as inhibitor

MEHQ 200-300 ppm as inhibitor

4-tert-butylcatechol 200 ppm
as inhibitor

hydroquinone 1% as inhibitor

tert-butylcatechol as inhibitor

4-tert-butylcatechol 0.1%
as inhibitor

4-tert-butylcatechol as inhibitor

4-tert-butylcatechol 0.1%

as inhibitor

4-tert-butylcatechol 0.25%
as inhibitor

Cat. No.

M80903-5ML
M80903-100ML
M80903-1L

522864-250ML
522864-1L

184675-5G

M80806-10ML
M80806-100ML
M80806-500ML

255173-250ML
255173-1L

262633-5G

361135-5G

259780-5G

523933-250ML
523933-1L

141003-5G

141003-25G

380547-5ML
380547-25ML

455644-50ML

154466-5G
154466-10G

290505-5G

219452-1G

155799-1G
155799-10G

369594-1G

366692-1G

369608-1G

374407-1G
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Name Structure Purity Additive Cat. No.
2,34,5,6-Pentafluorostyrene F 99% p-tert-butylcatechol 0.1% 196916-25G
F. N as inhibitor
CH,
F F
F
3-Nitrostyrene SCH, 96% - N26601-2.5G
N26601-10G
NO»
(Vinylbenzytrimethylammo- G SCH, 99% - 458694-100G
nium chloride oHa 458694-250G
HoC-N;
CHz ClI
2-Vinylnaphthalene A A 98% - 453870-1G
‘ N
2-Vinylnaphthalene NCH, 95% - V2909-5G
V2909-25G —
4-Vinylbipheny! - - V1805-1G 'I:I\
\ V1805-10G
CHy :‘:
9-Vinylanthracene ~CHz 97% - V1708-1G >
V1708-5G N
| X RS %
== =
2
)LL
=
Z
4
N
[}
N
=
<
o
N—

&IALDH?EH'

Bareriah Science

Material Matters”

MRERIZHTRDIHDAIdrichEH T2 Z B =2 —A Y —TT,
HRE—RARE CLDEFIEVIRADUE I —ETHENUET,

We focus on Materials so you can focus on results.

EHIXT D HEHALAH

www.sigma-aldrich.com/mscatalog-jp & T

sigma-aldrich.com SIGMA-ALDRICH"
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ATRP : BEEEMRD ¥ —ZBEICE T DO DEIF & R

|
%
)
1

Wojciech Jakubowski, Nicolay V. Tsarevsky, Patrick McCarthy*,
Krzysztof Matyjaszewski

ATRP Solutions, Inc.
166N. Dithridge Street, Suite G4, Pittsburgh, PA 15213
*Email: pmccarthy@atrpsolutions.com

[FUHIC

[RFHBE)>)UES (ATRP | Atom Transfer Radical
Polymerization) ™ [FRD AN UTcAMEMD—DTH D, AT
EDDFEEFWLWDFENT. TUCBVEXRHBREEXRZ
BIDRUN—DIERIZAVSNTVET (RFE—L 1),
ATRP ([CRDDF 7 —FT 7F v DINE TITIEWLENH]
FDERICKD., ZRNIERUN =S54 TTJ—Z(ERT D
CEDTEDRDITHEDF U, ZDRELT, AF—LA
1ICERRUN—DT5A4 T35 —=ZRUFE U, #ODERICH
HRIN—FFNZFNE U —LT A X7&R5. DD
HRUNY—FFNZNEAU Y —L¥ZF>TNET, DK
SIETATTU—ICKD., RUN—EiEE YEIEE OHEEE
M EDEEEZ IR T DI DEBILIFERNPEFEONEI .

k M
P
Kact

[——

RE—=X), + Mt“/L R« +X-Mt""/L
kdeact v K

‘R’: + X-Mt#* /L
(R—-H+ R--a--‘)

Ak or oy Red
AIBN
| /cARATRP |  |ARGETATRP]
variable materials
library
R f .
7 5B y | v %
M1,/ [RX)], == P~ AJ 3
Y | X |*®

AF—L1. ATRP RGO (L) ER2ERUNY—24 TS5 U—08 (F).

ATRP THULB NSl

ATRP [FERBIRHZ AV SAERINTH D, TDIREFRDER
FE Mt (3 2 BREDELDBILIREZE D ENTEFT,
RRFMEEHEE M/l (LIFECAITF) (3 ATRP BiIAE] (J\OI
TAE 7 ILFIL. RX) ERIGULT. ZYVALR & J\OT Y
(£ 7 —7 Vb Ufc B8R F B X-Me /L EZ 4R
UET, CNIFEHEEMFENDEIEET. BRETE ka
TETLFRI, sRFMOERE. \OTVEFOSIAII
ANDWIHC K> T\OT M7 ILFIVZZRE L. ERFM
EBEADPBUOERLET, ZVAIVFE/ X—MERH AL
ERETH K DIRUS—ER). F2F I D)IVELT TR GE
BEH k DIRIERIS) . BDWVE XML ERIR (GRETH
kst ZFFOAEMEAL) TDRIREMDN DD F T, REDNEHE
{E@IEDN. ATRP EHERDT I NIVEGDKEILENTHD.
J\OF >V THRIFS NN —0D K=< MalE, ML ED
MG CEEH LD ERECT . ANEM LRIt (CEITUL (T
1B kiesr DEHKEVEE). DD, J\OT A7 ILFIL
BIAHIDBEYILEIRICEK > T2 TORUNY—H#EICBWNTEER
OO BICKRINDRERINIZEE. BoNORUT—(35RWN
DFEDHZERFHFI, MAT. QLWELEAZERICITDO
ICIF. ATRP FHETEE kuree EFFIFIND Kact / kaeaer DELDVATE
FEE AR VD C EDEREINE T, RETEH ka &
kseact [F. BREEBELMFOMAICHEINT T, HLOER
TR DT/ N —Z AUV ATRP [CHI(FH/EEAEZ, FREN
[OEIRNTDEENPASHIESTVET s

R IEZBPECAI T DY ATRP DEN it S U THIBESNT
WEIH. ERICEASNOMEREFFEAEDEA. 17 2
TEROBLIRREEF U & ) EBRSERATFEZN—X
ETDHEETT ., ThERM ATRP DEERD—DIE. KEDAIE
HEDTETT Y BONTERUN—F D FEDOREAD
HARMOBRESEDOR TlIE+DTIN, MEZIRET S
DICEHATSERNNE T, HRQIFRERETTIEDFFHESN
TWVFEIH Y, CORDIFBRITIZG. REERYZBDIC
DICKDEVFBEEEYDFEZH DI, COZRH
ATRP CEB UM RO IR b2l 8 T E LIz, LD
U. tris[2-(dimethylamino) ethylJamine (MesTREN, Aldrich &4
MBS 723142) P tris (2-pyridylmethyl) amine (TPMA. Aldrich
HEBES 723134) ELOCRMAFZAVSCETTDHE
PRSNTWVET (B 1), CNHDECHRIFIE. ARGET (Activators
ReGenerated by Electron Transfer)®® ¢, ICAR (Initiators for
Continuous Activator Regeneration) '* EIF(ENDFT LWLVGET
BTN, MESEZDH TN ppm. L < DBEEFE—HID
ppm [CETHMA D ENTEFR T BIEPHIMZRD ATRP T
(&, 1,000 ~ 10,000 ppm DEMENMERINTVER Uz, #4
DORAFEICHULT, COFHLWLWRINRZAWNS C & CHRERAR
BZER USRI COEREORKERNDZFOENTER
Fo VINOFEDETAZEAL. ICARATRP Tl ABN"
DK D153 73)UEBRAE!. ARGET ATRP Tl tin (1) ethylhexanoate
(Aldrich ®FRES $3252)°°""°, ZRI)LEVEE . J)LI—
2% BRIV FelFaw ) BABLLNEY, N5
BT K > TRRFMEBHEAOBENTECLED, R
TETIHIVEIR (persistent radical effect) | EIE(ENSTOE
ACKRBDTINIVEIERIGDER. KRFMEFTES. |
AN ICERTFMBEHICEREINDCECHEDFT %,

N — N
/N U
S

Me, TREN TPMA
Aldrich Prod. Aldrich Prod.
No. 723142 No. 723134

1. ppm EOMEZRAWS. #8727 UTc ATRP FIECAIF DB,



ARGET 8K U ICAR-ATRP [tz FHD C & CHMEE 7 1,000

DD FRBICHIRTE, BONDRMUNY—FHABFECITRE
Td, Ffe. INBTEICKOT, HHICHESNZ IO Y
IHEEEK " eHFERUY—"". SEICHEKTERER
flEENfeRUN—". BLEDTFENHERORIY—"
DIERPTEEET I, MNAT. ARGET BKU ICAR-ATRP DEH
HEE. BRIDOFETHIDFE FNCTHIFADD TN UDNFES
gEWcsh, BILAEZ ToITHANZX. DHEEDEDZES,
FEFNCHEERL VT DOCENTRETTY °, EEa T
SICHE > THRBEROMNE(FIEL, IN\—ETILRNEDT
SRAOAPBEEBDILOVATHDRIDDEIRE T T . BIfRZETIE.
REEZRZE o lc<THFIT, TNOHBEFDOOEDICEREIE
BUEDTI\—Z ANT, JOVvIRESRKR ISV ESTIE
BICBEUCRINY—0TY (~04chain/nm?) ZRERSHE
HTEICHRIIULTWVE T, IbASsZERICEHTCET

ATRP (FELELETH, THEEDETAEIZEH U T T

JTAMTDERGHERUETS, COEARINEVDTED
BHRIEMBMEBET T, KDLEWVWKETDI ST MERICH
[SBULTCWVBDIEIFTIFIEL ., ZDMDMRY X — I DIER(C
DINHTBECT . TN SFFIECTIE MesTREN & TPMA D5 &%
BENDIEBITHEEFEEDHHFIAINE T, B2 I(Z(F.
50 ppm (D Cu'Bro/TPMA BRIEFFE N CiEJTEIE LT AIBN =
WeRFLY (st) DEAICDWVTC. EERTIOY b DF
SORIZ(E. SERICHTDLHENME. GPCHIRZRUE
Ulze IERBICENICDFEFMZRLTED. TENEHBNK
IR EEIEEDEREICE D TVET, MUY —@FNFTT
V%, ABERE UTESI. STIDEBEEED
TN 5ppm T T OICIHDEREDNETHIUE. [ATRP

pure®] FIfEZEFHT D EMTEFT %

BAFYAY TR ICAR ATRP DEEETFIIE

BURSEND DI, IFFEITERREDIREzHENC. E6E
100 DFRICHIES NfeRU AT Lo 0OREA] (PSt-Br)

ZENITOFECT, B2 (ImUlcLDIC. E/N—HED
—RREF IOy MOYRIE Chhd C SIFEEERED—TE C
HdIEE. BILICHSIDFEDEMNEFY EY TEGDRHH
EmUTCHE0. RiSlETRICHEBENTLhSZEH DD E
Jo ETHIC FEONRUN—FFEFEBT, NFTVICK
BDITHELN HEDVDIE D FFRIFIBROEDER U TLEE Avo

» ISR T A 10mL 7252 JIC. CuBr (78 mg. 3.5
X 107 mmol) & TPMA (101 mg. 349X 107 mmol) ZH1RA
B

* DMF (4mL) Zf0Z T CuBr/TPMA 7282 T &, 10 DEIE
BHU. 50 ERARZED.

e WSIEH T2 A1z 200 ML AR T 5 A (. St (80.0 mi.
0698 mmol). AIBN (0.153g. 00931 mmol). 2- JOE -
AVEEEBTFIL (068mL. 465 mmol) ZIN1R D,

o BRI 200 ML FUE D D AIRINERICE T,

e JIRAARNABRENSAT I TI— (HIERES

N—ETHLIE) TERT D, BEXRZANT 1 E5E) (—

I UBD SRR ZIRTT Do

CDTTA % 70C DA A IJVINAIC AN D RIDDEST

BT &fcth. UV TIVEAT YV UAAF—IVEDE T

RERD, T TIVICTDNT. GC A NMR TE/ NY—H#51(t

L, ZTUTSEC THFEDLOZDENEZ D,

205 BFEE*. B/ N—EER(F 60%(ETD (M. =9,700

g/mol. PDI=1.11)e RINBHRZZESICEIHUTCERF CH

AT D

MUN—72 THF (100mL) THIRL. NFT 2L ITEW

TS,

e BONEMUN—% 45CTEEZ(ERRSNIE LD E
THESED (19 24 B5E) .

"D, R UEKBEOEPEEMDMEICKR DT
ZHIHTENDDET,

Polymerization conditions for ICAR ATRP of styrene:

[St], / [EtBiB], / [CuBr,], / [TPMA] / [AIBN] -

100/1/0.005/0.005/0.2

T=70"°C; DMF as internal standard (5 vol% versus St)

A B
2.0 1.0x10* v T . 2.0
©
1.6 % 8.0x10° 1.8
& = .
= 12 5 6.0x10° =1 16
= ‘o h}
<° 2 - =)
= 08 s 4.0x10° 14
=) a 2
= g - -
= 04 " S 2.0x10° . = 12
= b = .
i L]
0.0 4=k . 0.0 1.0
0 400 800 1200 0.0 0.2 0.4 0.6 0.8 1.0
Time [min] Time [min] Conversion of St
C
—t=13h
—t=25h D
—t=5.0h
—t=100h
——t=21.0h
\
Sty
10? 108 10

Molecular weight [g/mol]

B 2. 50 ppm DEMEZER LI AFL > (St) DICARATRP, (a) EEFH IO w b, (b) EIEEDEHE L TDRFEDBRULHEE. (o) GPC HIRDREE

Bz (d) NFYUHRICHERORUNY—DEE,

19

e ANANFeibve N i

~
=

(dY1v) Oph

v/,

DUBpS SeLRIEH

HIILdv




20

SR N

~
=

(d4.LV) Dhhm

ALDRICH
Materials Sclence

A

sigma-aldrich.com/japan

MesTREN > TPMA ZAHWZIBE & FHEIFE—C R DR
ZRWEHEE E T ICARATRP DIERZHE U Cdhrat Uic, Al
ZIE 22-EEUIY (bpy) FEE (BIZ(E Aldrich BAREE
5 482250) . NNNN"N’-pentamethyldiethylenetriamine

(PMDETA, Aldrich BRES 369497) DX DIFEEALISN

BERMFOOFEINCHEDIZEA K1 DDDHDLDIC,
MesTREN > TPMA D& A7 FHWEES TDH (BRHID 2 Bl).
ToICHESN . WD FEPHEFORIN—Z1EDT
EDTEF U 2TORIT. BRUCIEDEEIEDTH
50 ppm C9,

1. BRLOTIRRMEDFENCHID 2-JOFAVEBIFIU (6BiB) ZEIHRFIETDHAF L (St) D ICARATRP,

St / EBiB / CU" / AIBN Cu
(60 °C, in anisole, (50 vol % vs. St)) Ligand (ppm)
200/1/0.01/0.1 0.01 50
MegTREN

%)
AN AN
/N

200/1/0.01/0.1 0.01 50
TPMA
N N
\_7 N ) —
S
200/1/0.01/0.1 0.01 50
PMDETA | |
/N\/\N/\/N\
|
200/1/0.01/0.1 0.02 50
dNb
24 CoHyg CoHig
7 N\_(
\
- 7

BZFAFL TP OUIVEBAFIV . 72UV TF)L S,
AZTUJVBATFIL . XS UJVEETFIL . X5 2U)L
BIAFI)VP=/TF)L. PoUuOZsJIL " EWoTe
BRAQTIEE /X —D ICAR BKR U ARGET-ATRP [CHWC,
MesTREN & TPMA (FFERBICEMTT . &/, 4-vinylpyridine
(Aldrich 8ES v3204) SV ofcEMMEE /Y —DHEK
ATRP CH. MesTREN & TPMA (FEHTIEEC T . ICARATRP (D
SONRE (S EEOFLE IR S F TN, TIHIUEIERIDS

BEECHIIST. R CE L <IESET.
JOvIOHESH

JOv O HEAREZORS CHERFREED. ERiTLE
BROUILHERMDER D OB KEFEOZED TE
g RIEDI\A T OPBICBFDELEL IOV IHES
KICBEI DIAERIE. HEDBERFHHEAADIE/UL
ITH. S/ EEEBET dECHEBMEEEZFIALTVETD,
BIZ IR FRAKIEER D EEKMRRD ZRF DT O J HEAKIE.
BRREE A ROMmA CESHEBIE L. 2855/ 20—/
BSEEHEUE T, TOBSIFEMEZEILP I ATH S,
BMISY vA0A4 NESICETEDFES, JOvIHESR
DOECHEBILICEET oD RIC k> T, JOVIHEDE
TVPZFDE, Lo, JOv B/ 2o —)b
DFEEICEHEZ 5D ENHESDICHESTVET,. Uie
HoT. JOVvIHBEEHEDETEI XY FOEEGEZBE(C
HET D EN. MODFEDNHZEROCEDNAIRELD
F9, ATRP CIFRERMN L ¥ —#EDEEROBIBEIE U TR
A9 2%/ \O7 V&inlk o KinaR > TLdcsh. TJOw
OHEEEOERE UIEFETI,

Time Conv. M

h h
(min) (%) (theor.) (SEC) PDI
2760 44 8700 7900 112
2880 39 7800 6800 1.09
2880 29 5600 4500 1.62
2940 36 7200 5600 1.68

JOvIOHSEERKRSA TTU—0Da/EIE LT, RURFL
> -b- MU (P UIVEE - TFIU) (PSt-b-PtBA) (D GPC 7Z[X] 3
[CRUEUE s COREARZAMT SIHIC, BixkESE
LIDZFEAET ICAR DK ARGET-ATRP ZAHWE UTc. ZUT.

t- TFIEZGFRES D ET. RIN—FREEUAITHD
MUZF L -b-IRU (PO UJVES) (PSt-b-PAA) [CEHRTE
FJ. TDPStb-PAA HEAFIFR L Y —FREEER & LT,
BIZIE. RIFOEE (B - g tayw. 8). 7 /71
o ZFEEE, RUSY—T LY NERLE. B, RENE
. 7E. AERIEEDZ L DORETHHT O EMTESR
T, ATRP CARMCNDRUN—S4 TS U—(CK > CRIA

VAR E D FEDLEYEBF ST ET. BERRICHRBELE
BEOTRIFA U ——V T EEEDTREICIED T T, RE.
BIRORFNE R —24 TS U—H, mIRSNTOE

g%

PSt-b-PtBA PSt-b-PtBA
PSt M,
A B C lgimol P! DPls
M,=5,200 g/mol In“, i |
PDI=1.11 IR | 1 A AT
DP,.=50 :I AT | 6,800 1.16 12
I el 1
- T B wifl 1,800 114 47
2 [ 1
8 i |
Y |' i | C amifis 30200 1.12 180
V] | 1

w oo 10
Molecular weight [g/mol]

3. PStb-PBA JOw IHBERHR S A TS5 U—0D GPC #ifR & Z DFr i,



ATRP THRULYS N SRIEA

ATRP ClEEAFBIAE]. F(C/\OT A7 )LFIURX (X =
Cl. Br) Z{FERALET "**, ATRP [CRDERINcRU~Y—
DI FE M [F. BHBRFICHTDE/ X— (M) DY)
EREEIESOICE/ Y—EmER(ICHDFEINF I,

Ma =([M]o/ [RX]o) X ConvX Mw(M)

CCT ML [FE/R—DPEFEE. [RX [&/\OT b7 )L
FILOYIERRE. Conv FE/ X¥—E(IEE Mv(M) (FE/ X —
DHFECT, FBRHlE U TERESNSD/\OT L7 ILFIL
([Cl&. 1 @BEIFEHDOI\OF VRFHISENTLET, B
WBRIDES S ) \OT VEFHIILU T, 85N RUNY—0
F—FFoFviE B O\OY VEREF 1 EO/\O5 AT
JLF)ILERBVEIES) WHERDP ISR REESIICEROD
JI\OT VRERTHRDEEE) TCEEULET, cEAR BE—
D7 (TEHD)\OT M7 )LFIUHMEE UTcBgEl =B
TEMRUY—DERDEEETHD (B4, —H, TV
BRUNY—2B8deHIllE, RUY—BULLIE. 87 AR
MEERDERDFYF /T (BIZE A—hR/Fa—
) OBHISH> T, \OTVEDEE UL TLDIRERTD
ER

Br

Aog:o
{

Difunctional initiator
Aldrich Prod. No. 723177

Br
Br, oﬁk
(o]
0,
(o] (o]
(o]
(0]
Br

Br ﬁ/go

Tetrafunctional initiator
Aldrich Prod. No. 723193

Br
Br oﬁk
(0]
(0]
o} (o]
04&
Br

Trifunctional initiator
Aldrich Prod. No. 723185

RS GES

Hexafunctional initiator
Aldrich Prod. No. 723207

4, ERRUST—ZERT D ATRP BIIARIDH,

ATRP ([CRDBEEZR MUY —0DE/RICIE,. EICT4D
DHERDOET, i) BEEMTE / Y—DBEZESEE. ) [1F:E]
E/N—DEAE. TNUTH<AEZZEIE, i) SEEMEIRE
DEA. iv) Kif/\OT VRERFOBIRTI, &=ID 2 DDV
TJO—FTClE. BRICA> TEHOBREEZR ORI —H
BONFIH. Kb 2 DOETIEFKRIFERILRNIX—DF
5NET, B5I(C. RHEBEEERUNY—a/MEAD/\O5 /1L
7IVFIVEREERBREOBSEZRUE U, & ROFVEK
EDOBRE(E. NIVRYVBEAERF DD FOREE RILOTAEK
MUY —OEMITBL TWVET, 7 UILEESOEIBAEITIE.
EROVUIMER I VRINICEK DT Si-H EE® SHEEaZS
ORUT—PERAEGEATEERUY—DZNZNER UE
9, NJoOOVUIVEF, BIZETUBRTFPASADE
HEICHdE ROFVEPFP=Z /E (S-oHEEESD) &x
HUET,

B#IC. DR T 4 FesC _Eretiealz BLc5E(d.
TREEDRINE. BLOETHERE N CODRILZR D
RUN—Z/8HEBHTEFRT,

0]
Br Br
HO/\/O\'* })‘\0/\/5 ~ /\/O\”)<
Br
[¢]

o

Hydroxy initiator
Aldrich Prod. No. 723150

Biodegradable (disulfide) initiator
Aldrich Prod. No. 723169

o Br o Br oj‘)<Br
S Sl ST

Dodecyl initiator Stearyl initiator
Aldrich Prod. No. 723223 Aldrich Prod. No. 723231

Allylinitiator
Aldrich Prod. No. 723215

5. RIRBREERUNY—EI VT 4 REAERUY—DERITERSIN
% ATRP BRI DB,

Monomer M: styrene, acrylate,

/ methacrylate type

::}i
—0

FG: hydroxyl group
- modification of chain-end by reaction
of small molecules with OH group
- ring opening polymerization using OH
group as initiating site

Br: bromine group
- extension with second
type of monomer
using ATRP

® 80 ®

] ] ]

Br: bromine group FG: disulfide group Br: bromine group
- extension with - degradation of - extension with

second type of polymer upon second type of
monomer using reducing monomer using
ATRP environment ATRP

6. ATRP CIFRUTeRImBREILNU N —Dfl, & FOFI I T «
REEDERER (F6) ZHRDOFBAIZER.

KO BHRIFIEEDBR L/ \OT M7 ILFILZE. BHICHA
S LNERTHTENTIRECT o ATRP FEIGEIZ ALV CIERT]
BRI RUN =T —F T I F v [CDLTOLVK DODEE
2z, B6ICmUEF U, CTTERIEDIE, ATRP TIFR
SNIERUN—D 2 BREOHERIHZS0VR CI. IIEH5,
RIEFD OFBSNIC a-Kim (FG) & BREFRFRRFD
BRRFCTHE o-KmCI. J\OT M7 ILFIVIFHERALTF
KEEBRRINICKDZTEDICH. ATRP THEOSNSH KR
BR LR N —DBREFZIR(ICHIEDFT »,
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sigma-aldrich

FEH

MUY —=8H U< [FXDEMICESGY LAY, Y
D—8E L TER UM BRI RBORISICEFELET,
MUN—DOHEEARE. DTFTAXEFTIFERL, ZDFE
IREMRRICHRESNET 7, SH. AIRP [ED T/ —FT 7
FrDHlETEEE T DRDENEIRUNY—EED—DT
dD. TDIEIE. 100 H7ZBA DT EFRE 1,000 7 id
2. FUTCEREFZAUA, HE, 3—0Ov)CTOZH
OMRERDSHHESHTI ., BIBRRIGICET DRIDER
(ARGET B ICAR-ATRP) [CKRD. WDTEDEARIND L
HAS(CITDCENTEDLDITED, REERIDIBR(C
DFEODFEIDDSELIEolc b, BEYDHRESHH/\R
[CTBDCENTEDRLDICIEDF U,
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TPMA

Tris[2-(dimethylamino)ethyllamine,
MegTREN
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dNbpy
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PMDETA
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Structure Cat. No.
VAR 723134-250MG
N= 723134-1G
Q1 L)
SN NSy
Hac\N,CHg 723142-TML
H
Hac\N/\/N\/\N,CHa
CH3 CHs
CHa(CH);CH3 482250-1G
N 482250-5G
=N N=
CHs CHs 369497-250ML
y . 369497-1L

HGC,N\/\’}‘/\/N\CH3

CHs



ATRP BRIRHI

Name
2-Hydroxyethyl 2-bromoi-
sobutyrate

Ethylene bis(2-bromoiso-
butyrate)

1,1,1-Tris(2-bromoisobu-

tyryloxymethyl)ethane

Pentaerythritol tetrakis(2-
bromoisobutyrate)

Dipentaerythritol hexakis
(2-bromoisobutyrate)

Bis[2-(2"-bromoisobutyry-
loxy)ethyldisulfide

10-Undecenyl 2-bromoi-
sobutyrate

Dodecyl 2-bromoisobuty-
rate

Octadecy! 2-bromoisobu-
tyrate

Structure

o
O/\/OH

CHy CHs

0. Br Br: o
CH3 HsC

o o o O
HqC, CH,
Br (9} o o Br
CHg o CH,

o
HqC CHg
Br o o Br
CHg CHg
o CHz

HSC%ONS\SNOﬁB'
Br CHg
[e]

CHg

o CHe(CH2)7CH,CH=CH,

o-CH2(CH2)10CH;

oCH2(CH2)16CH;

ATRP [CHWLYO N D £ [EANE

Name
Copper(l) chloride

Copper(ll) chloride

Copper(l) bromide

Copper(ll) bromide

Copper(l) iodide

Formula
Cudl

CuCly

CuBr

CuBr;

Cul

Description

Atom Transfer Radical Polymerization (ATRP)
initiator for the creation of hydroxy functionalized
telechelic polymers. Can be used to modify
carboxylate- or isocyanate- modified surfaces,
particles or biomolecules.

Atom Transfer Radical Polymerization (ATRP)
initiator for the creation of difunctional polymers.

Atom Transfer Radical Polymerization (ATRP)
initiator for the creation of trifunctional polymers.

Atom Transfer Radical Polymerization (ATRP)
initiator for the creation of tetrafunctional polymers.

Atom Transfer Radical Polymerization (ATRP)
initiator for the creation of hexafunctional polymers.

Atom Transfer Radical Polymerization (ATRP)
initiator for the preparation of biodegradable
polymers as well as polymers that adhere to
gold surfaces.

Atom Transfer Radical Polymerization (ATRP)
initiator that reacts with surfaces containing
S-H bonds. Precursor of various silane-containing
polymers and initiators. Hydrosilation with Cl3SiH
yields an initiator that reacts with glass surfaces.

Atom Transfer Radical Polymerization (ATRP)
initiator for the creation of dodecy! functionalized
telechelic polymers.

Atom Transfer Radical Polymerization (ATRP)
initiator for the creation of stearyl functionalized
telechelic polymers.

Purity
>99.995% trace metals basis

99.999% trace metals basis
99.999% trace metals basis
99.999% trace metals basis

99.999% trace metals basis

Cat. No.

723150-1G
723150-5G

723177-1G
723177-5G

723185-1G
723185-5G

723193-1G
723193-5G

723207-1G
723207-5G

723169-1G
723169-5G

723215-1G
723215-5G

723223-1G
723223-5G

723231-1G
723231-5G

Cat. No.
229628-10G
229628-100G
203149-10G
203149-50G
254185-10G
254185-100G
437867-5G
437867-25G
215554-5G
215554-25G
215554-100G
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sigma-aldrich.com/polymer-jp 7= & < 12X,

HERMI7IVUS—hE/N—

Name R Group
Sodium acrylate *—Na
Methyl acrylate *—CHs
Ethyl acrylate +CHq
J? Butyl acrylate T CH,
%g Hexyl acrylate *—CHa(CHz)4CHs
> Lauryl acrylate *—CHy(CHz)10CH3
4
73 Octadecyl acrylate *—CHy(CHy)16CHa
) lj tert-Butyl acrylate CHs
ESl —-CHy
=) cre
/j; Isobutyl acrylate . CHs
7_3| CHs
=
N—
2-Ethylhexyl acrylate ’A(\Acm
CHs
Isooctyl acrylate \/\/\)C\Ha
CH3
3,5,5-Trimethylhexy! acryl- CHg CHs
ate .WCHS
CHg
1H,1H,2H,2H-Perfluorodecy! WCFQ(CFE)GCFa
acrylate
2-Hydroxyethy! acrylate L ~_-OH
Hydroxypropyl acrylate, e ]
mixture of isomers
4-Hydroxybuty! acrylate v OH
2-Carboxyethy! acrylate o
o~
Isobornyl acrylate Hac_ CHa
f CHs
Pentabromophenyl acrylate Br
Br Br
* Br
Br
Pentabromobenzyl acrylate Br
Br. Br
) Br
Br
3-(Trimethoxysilyl)propyl OCHg
acrylate v~~~ Si"OCHsg
OCH3
c
©
Q
©
-
€
o
v
<
v
n )
0s |2
S| =
—¥4
Ei|°
s 1
Q| o
4 e
N
Q|-
“w

Purity
97%

99%

99%

>99%

98%

90%

97%

98%

>99%

98%

97%

96%

95%

90%

96%

98%

92%

o)
Hzcykon

Additive

monomethyl ether hydroquinone
100 ppm as inhibitor

hydroquinone monomethy! ether
15-20 ppm as inhibitor

monomethyl ether hydroquinone
10-55 ppm as inhibitor

hydroquinone 100 ppm as inhibitor

monomethyl ether hydroquinone
60-100 ppm as inhibitor

monomethyl ether hydroquinone
10-20 ppm as inhibitor

monomethyl ether hydroquinone
10-20 ppm as stabilizer

monomethyl ether hydroquinone
10 ppm as inhibitor

monomethyl ether hydroquinone
75-125 ppm as inhibitor

monomethyl ether hydroquinone
15-20 ppm as inhibitor

monomethyl ether hydroquinone
100 ppm as inhibitor

monomethyl ether hydroquinone
200-650 ppm as inhibitor

hydroquinone monomethyl ether
200-650 ppm as inhibitor

hydroquinone 300 ppm as inhibitor
monomethyl ether hydroquinone
50 ppm as inhibitor

MEHQ 200 ppm as inhibitor

BHT 100 ppm as inhibitor

Cat. No.
408220-25G
408220-100G
M27301-5ML
M27301-250ML
M27301-1L
M27301-2L

E9706-100ML
E9706-1L
E9706-2L

234923-100ML
234923-1L
408905-25ML
408905-100ML

447315-100ML
447315-500ML

409693-250G
409693-1KG

327182-5ML
327182-100ML
327182-1L

436305-250ML
436305-1L

290815-25ML
290815-1L
290815-3L

437425-100ML

424021-25ML

474487-5ML
474487-25ML

292818-250ML
292818-1L

370932-1L

275573-25G
552348-50ML
552348-500ML
392103-100ML
392103-500ML

392103-1L

592552-5G

640263-1G
640263-5G

475149-5ML
475149-25ML



Name
Di(ethylene glycol) ethyl
ether acrylate

Di(ethylene glycol) 2-ethyl-
hexyl ether acrylate

Poly(ethylene glycol) meth-
yl ether acrylate

Poly(propylene glycol)
acrylate

R Group Purity
SO e, >90%
RSN O NP O/\(\/\CHa -
CHs

.{\/O}CHG
"
~oT™N O )
CHy
n

ZERM7IVUS—hE/N—

Name
1,4-Butanediol diacrylate

1,6-Hexanediol diacrylate

Tri(propylene glycol) diacry-
late, mixture of isomers

Trimethylolpropane triacrylate

Pentaerythritol triacrylate

Pentaerythritol tetraacrylate

Dipentaerythritol penta-/hexa-
acrylate

R Group
./\/\/Oj(s
CH,
o

*—CHa(CHy)4CH-0
2(CHz)4CHa \[éCHz
o

OGO
0
. OJ\&CH?

w0
OO o,
[¢]

o]
g
HQCWO OH
o]

0

. OJ\%:HZ

HCZ Y o O\rﬁcm
o) o)

e (¢} OR!

. [0}
CH.
R‘:Hor*)l\7 2

OR' OR' OR' OR'

o-BR7IOUS—MNE/N—

Name
Methyl a-bromoacrylate

Methyl 2-(bromomethyl)acrylate

tert-Butyl 2-bromoacrylate

Ethyl 2-cyanoacrylate

Ethyl 2-(bromomethyl)acrylate

Methyl 2-acetamidoacrylate

Structure
o

"'2C§)L00H3

Br

Additive

monomethyl ether hydroquinone
1000 ppm as inhibitor

monomethyl ether hydroquinone
500 ppm as inhibitor

BHT 300 ppm as inhibitor
MEHQ 100 ppm as inhibitor

MEHQ 200-400 ppm as inhibitor

Additive
hydroquinone ~75 ppm as inhibitor

monomethy! ether hydroquinone
100 ppm as inhibitor
monomethyl ether hydroquinone
250 ppm as inhibitor
monomethyl ether hydroquinone

100 ppm as inhibitor

monomethyl ether hydroquinone
300-400 ppm as inhibitor

monomethyl ether hydroquinone
350 ppm as inhibitor

monomethyl ether hydroquinone
500 ppm as inhibitor

Purity
98%

97%

95%

98%

98%

Cat. No.
408298-250ML

407542-100ML

454990-250ML
454990-1L

469815-100ML

Cat. No.

411744-25ML
411744-100ML

246816-100G
246816-500G

246832-100G
246832-500G
246808-100G
246808-500G

246794-100G
246794-500G

408263-100ML
408263-250ML

407283-100ML
407283-500ML

Cat. No.
588466-1G

302546-1G
302546-5G

588458-1G

E1505-5G
E1505-10G

425222-1G
425222-5G

317519-1G
317519-5G
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sigma-aldrich.com/polymer-jp 7= & < 12X,

Name
N,N-Dimethylacrylamide

Acrylamide

N-Isopropylacrylamide

N-tert-Butylacrylamide

N-(Hydroxymethyl)acrylamide
solution
N-Hydroxyethy! acrylamide

N-[Tris(hydroxymethyl)methy!]
acrylamide

N-(Butoxymethyl)acrylamide

N-(Isobutoxymethyl)acrylamide

Diacetone acrylamide

NN'-Ethylenebis(acrylamide)

N-Phenylacrylamide

R Group
o
HeCo AL CHs
CHs

*—H

CHgz

CHs
—f-cHs
CHs

HO OH
NG,
*/\O/\(CHS
CH3
CH; O

HsC
. CH,

o
*\/\N)I\é(:H?
H

L

Purity
99%

>99%

97%

97%

97%

93%

99%

99%

(0]
HC R
H

Additive
monomethyl ether hydroquinone
500 ppm as stabilizer

monomethyl ether hydroguinone
30 ppm as inhibitor

monomethyl ether hydroquinone
3,000 ppm as stabilizer

hydroquinone monomethyl ether
100 ppm as inhibitor
monomethyl ether hydroquinone
200 ppm as inhibitor

Cat. No.

274135-5ML
274135-100ML
274135-500ML

A8887-100G
A8887-500G
A8887-1KG
A8887-2.5KG
415324-10G
415324-50G

411779-100G

245801-100G

245801-1KG

697931-100ML

364959-5G
364959-25G

461067-100ML

436534-100ML

222348-100G

222348-500G

358878-5G

530042-10G
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[FUIC

RUZEFLY (PA) [F—RITHIREEW THD. K8
SBEMSHFCI s PADBERFHFBHBEFHTIN U
SHILR=EVIICRDZOBEXE 14 LA EUSE
9 ¥, CNFTICHRESINCRARDEBE(E 10°S/em DL EE
APEOEERCA—F—HICILHLET - PAIE sp” B
REDSEOEH EDBN 1 HAZRDIeoH(C, Y RABEBXRU H
SV ABDERFEDEVNCLSTFEEEZEDFT T, UL
UEh'S,. HULIOFEEED S—ABICEN THRUNE
SBARBE * ZEHCENTTNE, FHRDOERTHIRIE
PTROIHFFEAZIMBEORBNRGFGTERT s AT
& DVATUYIREEDIZ I OFIIVRNT v I ESR
(NLC) ZRWVEARERING COF EF U rEaZlN, <
NUCKD, —xRBED SERBEF CBEERIR/ (1 S)UE
BEHEIONUNDILRUZET LY (H-PA) BERCEDT
EERULET %

FI)R=I\ REFTIVRIF VY
&aa (N*-LC)

AEFRBINEE UTAHWLD N-LCIE RN TF v IR E (N-LO)
[CABDFDINEEYZFTIL =)\ SLTHRINT ST &
THELUEFT B 1), N-LCDE/IIF. RAERME (POM :
polarized optical microscope) TCHWT., R Fw IHRICH
(B0 AR WA vic 2 =l TN S N R A R WA - %))
HWVFIERUARER I CEND D & TR TEFR I, HFERERD
& EEDEREIE. N-LCDANUH)LE W FOFES(THEHL
F9., FODfth. N-LC DRUNHRLIENIRIED T,
POM TERESINSHIZREDNU H)LE W FIFE<ED R
ER

1/2 Pitch

Nematic LC (N-LC) Chiral nematic LC ( N*-LC)
1. INFYIRE (NLO) (SFTIV =) MERMUCGRR UICFE
BFIIRIF v IRR (N0 o N-LC BERU N*LC DIRATEMEE  CH
KUY aU—D Vil () SXRUERRER (B).

N*-LC DN DL E Y FZBE T HICIF 5EDHDFT, O
EDlF FIIIVR—IN NDEEZZR D, BOUEDIEF
TV R—=) hDERNSIZZEZDECT. BIEICBNT,

N*-LC DRERESEHE(E, TV K=/ FDEEICK DT
FEEZTDEEERBIDNENDDET, IiEhHB, +
)L R=) hODBEMER I NSRS REFR T <K

D. BENDDIBFEICISD ERERZDHDHENE T,
ZDieh. BEDFETHD. BLDENZDDFTIVUE
EMERAVD CEEZEEZAF T, BHAEFFIILES TFILFE
HlE. AERLEFZIMEEYICHENT KD KEE %z
POTEDIDD D TWVET ¥ T TlE HFEHIE(R)-(+)
BELY O)-O11-E2-F T h=IbET D)L 7ONFY
JU (PCH) SFBEUGE DA UT LYY T—F)UERIRC K DS
GU. EFTFILEBD 2201 PCH RERZBA UTcFS)U
EFTOFILAER. (R)-BRU (S)-PCH506-Binol ZERL LE
Uic (B2), &8, PCH506 D 5 (& XU FI)UE, 0ldT—
TIVEEZR, 6 [GINFUAF U VBEERUE T,

N-LC Catalyst
Ti(O-n-Bu),
o+
. +

—~—COrom

C3H7—<:>—©—OC4H9 OO O(CHZ)°O_©_<:>_C5H”
PCH304 (R)-, (5)-PCH506-Binol
Nematic LCs Chiral dopants

2. #AFFSILEST TFILAEERE [(R)-or (5)-22-PCH506-Binol] Z&
DNACICFITT— - FVIMIETHDD Ti(0-Bu)a- AlEs EAFSTE T, 7
TFLUVEGHDAERNEEBELEFT,

THARNTF W OREREY) (PCH302, PCH304) ([CAEMDF
ZILEEY 5~ 14EE%) ZMATN-LC ZARLFE Ul
EFIFIVEBICE A UTSREE PCH506 (& BEREBDR Y F v
IREBEFTILR=) SUTDOE ST TFI)VGAEERE DA
MR T S ECTHETT, —H. TJUFITIVEMICHD
AF /DL PCH503 ©, @ED ./ )LV ILF)LEE
BAUREFT IFILAEERTlEF. BREEDIEAMEDMEL.
N*-LC [FFRESNEEA (B 1),
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T"EREBTD7EFUIES

PCH302 BK U PCH304 IFEBITREMZERUE I D, ZDHK
EElF 1 ~ 2CEIEBITHVEFETI, DO ElE 7t
FUYVBEBAEDORBAEREE U TFFFELUL DD FTA. HEEK
5. PEFUVERREARLTHD., EGFEICT 1LY
ADEEIFLERE L. BBICREMAFIEN. SHENEGEL
F£9, T CT. PCH302 & PCH304 ZHFTEILEG UTcRNF v
TREREEHEUFE Ulce COEGRRBTClIF. RXF v
HBEFEHEEDEEEE (v (FEREL. —5. G&EAEE
REMEDEZREE (Taw) FETL. BREUVTRBEE
#FHEF 20 ~ 35 CEIARULE Ufe, RIC, COEEGRERIC
EERNE T Ti(0-Bu)s- AlEs ZINA TeBEED T DE LR
EFEBEEST (DSC) THANFE Ulc, BAFNDOMRDHEET
D& MBEESTFTIVRIYTF v IKEIFE. 5~ 25CDEE
HHEZNEE TV EFUVDERESICE>TELTWLD
EWZFET,

B 2(C. RYFvIKR. FIILR=) hBLUMEDNS
HAAERBEZTRUET, Ti(0-Bu)s DEEIE 15 mmol/L,

[AIEG]/[Ti(0-Bu)4]=4 TT, MEERIE. Z=ET 30 2ED

AR ZITNE T o BARRDRE]. N*-LC DHPIRER(C (G h (35 <,
ENMNCEHEBREN 2 ~5CETFIDDHTT, FTIEDB, Ten
[F16 ~17C. Twi (&30 ~31C T, Flc @mHRIRDIzD.
BEARE— 7CICPVTHBEILT ST EIFEFHDOHFBTATL
feo Fle. FIIVEFT TFIVGAERIFEE (I U TIE=ZMIC
PEECHDCEDDDDFUE, TNICKD. TRBRIF
TEFUVEADAEBREREE UCHEATESD CEDMERTN
FUlc, ERICBULT. 7EF LY AREISHE (99.9999%)
DOHDOZEFEALE U, EEREIF N-LC ABZHIFI DI
[C17 ~18CICRBF Ufce EHEMICIF. E&HY LYY
TSR VEHNBOREVNRID TS ZAADHR(ICAN, DTS
2 ADFZEEH AR UIELY / — ) BBESEHTET

Al VOISRAADREZ—TEILHEEF U, 7EFL>
DOAIEIE 116 ~ 226Torr. EGRREIF 10 ~43 3 ULFEUL
EE%. PA DA AZEY 2LV TSRAIAONENSTE

FELFNL, =R - PV VSRS FCHE MNUI VTR
HFUFEUG PA T )LAZET DOV —MECEL, B2

g%, — 20CTCIOU—T—(CTHRELE U

ANUAILRUT7ZEFUV(H-PA) T 1 IV

FEBRBTIEMEE (SEM) (CKD H-PA T ¢ )L LADEKEZEIER
UEUC. RYU RAAIRDOR A SIVEEDRFERSNTH
D (®3-a). & RAAVEANUD)UVBED T 1 TA)LDEDH
STETCHD. 70T« TUUEF—HmITENTWLDDH Y
HOET (B3-b), & LI HPADEEEE, FREESICH
T N*-LC DR A T)UIRAEZEFZ T LB > TLDH DK
DICBAFT,

B 3. ANUALRUPEFLY (HPA) DREERIR) A SILERE, RU K
AAVRDZINASIVERE (a) BRURAAVADEBET « TUJLR
(b) DEEEFHEMRES,

SEMBEZESICGFEULLERTDE. (R)-BKXU (9-N-LC
TEBUIEHPADT 4 TUILEZDT 4« TUJLDORIE, <
NEZNEBEBRUEBEICRNTVDIEDDNDET,
CDTEIF HPADERNODEEZBEIE. F3)L =/~
[CRDFRSNIE N-LCZERITDRO. F3IL K—/{D
NUDTAICRDFHTESCEZRIKLTNE T, N-LC
ONUDIVE Y FIE. F3)U K=/ bOREPHZEE S
EBICRNAITEFELE T, TIEDBHPADNI AJLE Y
FlEe FIIL =) bOERNIZZEEE DI ETHET
TFXRT, BEIRRNCEIC, B3 TRUCBEBNE RS,
IEBESEDEYNBRIEEYD ST AKE CHEMIES S B
LCWLETH ZO—HTalRUN—TCRIFEALH DD
DFETAe. TOEKRCTH. N-LCIF. aFRUN—D5EA
RErBEHEIcE T, TYTU— hEGHREFRE UV THE
BTHOH, FONAMZEL TS ERESNET,

EFTF)VERD 226 TF)VE. 6,6411C PCH506 E & A
UJcUBRAI e - D F )8R P (F. —BIRELE S TF )L
FEELD, 03um KDB/ULNUAILE Y FDN-LCZSZ
F9., TDfcth. MEBERAE S TF)EERZTT)U R—/C
VU RET D NALC TER U H-PA (&, KD IRNDEWNZ)R
A ZIVERREFDET (B4), CCT. FEINECEIE
RUNABAEADIZEERRZEDEAEHBED S, (R)-BLX
U O)NACFFNZNAEBEDRUEETDRE CHDH
EBDDDET, Uh L. TNEAFREE ULTER U
HPADT 4 TUJLDRKRIE., ZNZNEESHLUEESEE
HOFRT, DB £ THD HPADSTBADEEH
@&, INBEOZTNEFTEEEDEFT, COBRIE. —BEiE
EF IFIVAEBHENSIED N-LCERVCES TR T,

4pm 4um

O ®) [ WO

C5H”—<:>—©—O-(CHZ)6 C;HH{>—©O(CHZ)E
OFt OFt
OF OF

e~ O)—~O)-o-cHa, QO tc;m{)@o o QO

4. WERKEFS)LEFT TFIVEEE [(R)-66-PCH506-2,2-Et-Binol] 7Z
2O N-LICZAWVWTAR UTC H-PA DEEB FIEMIEEE. H-PADLES
BLrOGEBEDAMBIFE. ZNZNFIILR—/ MDD REBES LU SE
BOFIUT 4 —ICR>TRESNFT,




(R)-BKXU (9)-N*LC TER UIZ H-PA LDV, ARHXZ
B (CD ! circular dichroism) AT NV AIET HE. PA
FHD - BRI T D 450-800nm DIRINGESEIC. FNZ
NESKOEDTY NVIREDEFEAINET, CHUE. PA
HZOPOH—FEIChAUNTWS CEZRELTWNET,
HH. Oy bUHRIEFTIVLR—=) NThdETFT TF
JUSABEDZFNTIFENWC EIFBESHTY, 85, £
TFI)UBEARIZE 240-340nm DIDFERIC DY hURIRERTS
MDIHCT. LFED PA FTEDRINEL & (FRFDICHTT, &
NODFERNS. (R)-BRU (9)-N-LC DAFRINE ClEZ
NZNESES (REEMED) BRUBESsE (FtEh) O
H-PA DVFERN S NS, e, IiUcPAREIE T 7 T ILD—IL
ZMEEERICL>TCESEALL. SBAKRT s TJUILEE
Bdd. I5IC. SBART A TUJUEEREE ST, TFS
FIHRESDRAAY (RURXA) DBIEHRINA )b
FEREZEER T & EHBEONICEDEFLE (B5),.

Primary Higher Order
Structure Structure
d N
L4 g » )
Spiral SEM  2um
i] form photograph
Planar Helical Fibril Bundle
chain  chain of

Fibrils

Spiral SEM  15um
morphology  photograph

B 5. H-PA D—XIBED SERIEEE CORBH ST ARG,

H-PA T 4 )ULIF 0% D b SV ABEZERB L. Fed DR K—
EUIICED,. ERBT15~18x10°5/cm & D NEE
UA—45—D58&FMHZRUE U, ITFRKRRKR—=TUC H-PA
(&, K R=TDHPA [CHERNTENIDERICY T FNUET
B BUREDIY hRZERULET . DT E(F H-PA
DHEABIEIF. R—EVIBICBVWTCTHRFSNS &7
RUTWET, THIC. D AT NUBEKU X e
FEICELD, STAEEIE. VREDDS TV ABENDEMAL
SEETHD 150CLHLEICE U CHRFSND T EDMERS
NFE L. PADRDETEFEEFFEEECT. UMUK
D5, PAIFRA - NEICH DI, EGRICERLEHTE
AREEIF MVI VR EICKDHED. B EREL N TOM
BHCHUTCHEECT, MEIIUX. PAFAE - AEET
BB, ELTEBSCTHOOETABEZMITIT D ENT

BECHDEVAFTT Vs REICNEINECLIF. ABEE
[CRD. HIERICFSIVERBEZREVERIERERD O WIFE
FERARANUNY—(ICH L CHOBABEZNS5T DI ED
OIREE DR T, BE, F. RUFF T T VFEERE, K
UIFUVIAFIFATTVESHE J1 Y —FF
JIVHBEHEE, SFSFFSBARLERREDFH
N*LC ZRWEZEEHOVIEBETEZEGICIDERE
NTLET 7%

1=
Bt SEABSEZEE I ONUDILIRU P EF L (H-PA)
[CERZEHTENLD. NHLCEAFRBRINEETHITLL
BAERMICDOWVTC., EDEREZ#ERUE LI " (R)-BK
O O)-#AZFE ST TFILFERZER LT, T N-LC(C
FI)IVR=) RELUTRIML. NHLCZBRUE Ules &
DNAC EFITT— - T wIBED DL AFRILE EEE
U. CCCPEFLrOFAREGZITVE U, amUic

PA JAIVAE. PASE. T4 TJUILBKRO T+ TUJLDER,

IHICFEICBLTHEBN ST ABSZER L TED., 0D
BEAMAIETFIIVR—=I MDOFSTUT 4 —ERIRTDHE
TRB(CH\TEFE Ule, e HPAD T 4« JUJLET o

TUJVERORQUNDOBEEFE. KITHED N-LC DZ & [FPmE
ETCHHTEZBHUF UTee AEBESE UT NA-LCZAWN
HTET. —RIBEDOEXEBEF CHEENSBABEZD
DORUN—EEMTEDTENBESNIEDFE Uiz,
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FATTVE/I—PEO-IVE/Y—IF. BRIEEMIC., FlF@BENHMEFESEZAVTCESICESLL. BRINEE (BX
EtE) RUN—ZEMIT D ENTEFT ., Flo, MRABIEDFMI CRD EIFSNfcHEERERORET >~ 7L— 2BV CERT
DT EDARECT,

DURICEFDDE, BHORENETF A T VE/ N—BLROEO—IVE/ NY—ERTT, COMDE/ Y—PERPERORSE D
2 & swww.sigma-aldrich.com/polymer-jp 7 CE < 12 L),

Name Structure Purity Cat. No.
Thiophene J >99% T31801-5G
s~ T31801-100G
T31801-500G
34-Dimethoxythiophene H3CO OCHs 97% 668257-5G

2/ \(
S/
:F 34-Ethylenedioxythiophene, O/ \0 - 483028-10G
EDOT
= Z/ \;
b °
A Hydroxymethyl EDOT HO 97% 687553-500MG
= N
HE
r}i d o
T
2 s
2 S
@ 34-Propylenedioxythiophene, //\\ 97% 660485-100MG
Z( ProDOT o 0 660485-500MG
% Z/ \g
= °
= 3,4-(2,2-Dimethylpropylenedioxy)thiophene Hﬁgﬁ 97% 660523-500MG
o] o]
2/ \;
S
3,4-(2' 2"-Diethylpropylene)dioxythiophene HSC><CH3 97% 669210-250MG
o] O
Z/ \g
S
3-Methylthiophene CHs 98% M84402-25G
7 M84402-100G
s
3-Thiopheneethanol OH 99% 228796-5G
m 228796-25G
S
3-Butylthiophene CHs 96% 510424-1G
4y 510424-5G
S
3-Hexylthiophene CHa(CH,)4CHg >99% 399051-1G
399051-5G
7\
S
3-Octylthiophene CHa(CH,)sCHs 97% 424285-5G
J A\
S
3-Decylthiophene CHy(CH,)sCH3 97% 456357-5G
\// \&
S
3-Dodecylthiophene CHy(CHz)10CH3 97% 456365-5G
\/ \
S
3-Phenylthiophene 7N\ 95% 399043-1G
( \
S
c 2,2"-Bithiophene W] 97% 241636-10G
©
a S S
0 228 2" Terthiophene A\ s 99% 311073-1G
= S » s
€
o
v
<
v
n )
0s |2
S| =
e
s '
Q| o
4 e
N
Q|
“w




Name Structure Purity
Pyrrole =) 98%
{7
H
3,4-Ethylenedioxypyrrole, N -
EDOP QR
I\
N
H
34-Propylenedioxypyrrole, -
ProDOP oﬁo

Methyl 1H-pyrrole-3-carboxylate 97%

4-(3-Pyrrolyl)butyric acid OH 95%
3y

N
H
N-Methylpyrrole o 99%
’?‘/
CHs
1-(Dimethylamino)pyrrole 73 99%
Hac/N‘CH3
1-(2-Cyanoethyl)pyrrole //— & >99%
N
L_on
1H-Pyrrole-1-propanoic acid {/ \} 97%
N O
N
11-(1H-pyrrol-1-yl)undecane-1-thiol {/ 3 96%
CHa(CH,)gCH,SH
1-Phenylpyrrole 7 \E 99%
Y
N-Benzylpyrrole ﬂ 97%
N
‘ RN
=
1-(2-Aminophenyl)pyrrole f/ \E >98%
N
N NHp
g
1-(4-Nitrophenyl)-1H-pyrrole 7 97%
(\NS
NO,

Cat. No.

131709-25ML
131709-100ML
131709-500ML

648310-2ML
648310-10ML

648329-2ML
648329-10ML

685399-250MG
685399-1G

682578-100MG

682578-500MG

M78801-100ML

247790-5G

(C91352-25G

687545-1G

717223-1G

131474-10G

566322-5G

196940-1G

196940-10G

447358-5G
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