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2CDOGNRICHUT 1 DOMFHMMERINCLETIN. GNRDY AT
[CROTHERFEFDICH. BEFIHDAICIFREEZIB DB ULNFEB A
SH. GNRIERDFELFAICIE. 1) UVITT—ILLdITTT

VO 2) BERDFDODIN AT Y ITEM. BKO3) A—RVF
/Fa2—7 (CNT : carbon nanotube) MDYIRED 3 EREHHOFT, £
BR.INHD 3 DDFEICK D TEREINIC GNRIFRELEE O THD,
HERFFEAEDDFEE .

UVIST 14—k

COFECTIE. BEREICEBO GNR BMERENE T, £FAICEHL
THLE<LDRIDFERSNTWNE T, UV IST 4 —(CRo>TER U
GNR (&, GNR D'&KHE_E CHATSRRETORRICBRSNTVNET, UV
I35 4«—ECTIEGNRZREBIMES CEIFTEFBA, Ffew UV
7« —ZAVCTFETIEE A A0 BeE I CARBERERA D B O, UV
T4 —ICR > THERE N GNR G T w IBRFWNCIED E T
DFECIIEEICHERZ CIFBICTHL GNR BMERSNS—T5. HilfElAEE
SARNDT v DDfzsd. (FR LT HIOBSERIEDOHIE N HE T,

RLT Y Tk
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SLRAT—)VTERENE Ueh®. EEOIGAIGIVEERICIE# LT
Uk Do MBLT v ITEM ST GNR DIEB(ITHEED DRV A X5
MIEFREDEFDAEEDHOFTIN. WEDECD, OIS
ZESIAET DT EDTEDEMIFH DT COEIMIFETE
[CIFFFESNCTHE T, SBOMEOERDIGINE T,

tIREE

3 DD GNRIEESAIF. EEA—MVF/Fa—T (MWCNT : multi-
walled carbon nanotube) ZE#AMEICHE<. FEOLEYRHTLHD
T, BAHEFENRESNTVEITD. ZDIEFEAEDARILIE
ETT, 20 2 DOERSAICHENT CDFEREBNTLDDIE. FEIT,
FOTSLAT—)VCORBEEDIESZR > TVHRICHDET,
JXARDKIBICEVEWVWDSFIRDIDDET, Flo. REDZHOHED
5EZDE. BTHLERIITERESIND GNR (& CNT H2RD GNR &
BONE T, ATl =R/ Fa—TJDUBBICK>TER U
GNR DR QTEHE., BRUZDRTBROFHR TUT—3 /(D)
TSR UETD,

2 TOZHIVHR—h Tel : 03-5796-7330 Fax : 03-5796-7335 E-mail : sialjpts@sial.com



=R/ F1—TDYRICES
GNRGH,

AUDL K ZRICK>THUDLZAVT—HLU—Y 3200 T
U LBUDLEE (Na/K) ZERPCTERISIET, A—RYVT/

Fa1—J=RESEICEI > T GNR Z{ER T $73EF. Tour 5D I)L—
THEAICERELELIE (B1).

R = hexadecyl (for HD-GNRs),

=octyl (for O-GNRs), e
= butyl (for B-GNRs), i %
M® =K® or Na®

Na/K alloy, 1,2-dimethoxyethane
rt,3d 4

Ar atmosphere

240°C,2h

Deintercalated
B 1 GNR OUIRE KU EREELDRIES (A) MWCNT DEERIANDA D DA >
S—HL—> 3> (B) MWCNT YIRS 7O XS L OVEEDIVIR T ZA Ty
7RO GNR DAERL (C) 77ILFIVEIZED GNR D in situ BEER LB KU~
Y—hHL— 3> (D) BEEE(L GNR DBREE (de-intercalation). Xk 10 h'S&F
A3 CEd, (Copyright 2012 American Chemical Society)

B 1A [TRIKDIC. MWCNT [E, 1,2- IABFVTIHY (DME) A%
RCH /T a—TEBICK/NaGEh M >V F—hHL— b &Icko
TYIDRENNE T, CORFREARICKD, F/Fa—TJEOR#HAEN
DURICHTDIERA MVADELE T, FCITERSNZT v IDRERR
FlE. RINEOSWVWAIVRT Z4 V(SRTEN (B 1B). KEFBEN
DERISHDEEFEDFT . FEERY) (B 1B) ZX5 ./ —)LTITVF L.,
KERCHEAETSDET Y IDERGA 4V TO N CTEBRINE T,
CIUCKD. KE# GNR (Aldrich 8#m#&S :797774) F/zld GNR
HHERSNE T B2 FUNEBERDOTTR(ICYIDFENMNTE MWCNT 273U
TOVFRTH. CNSDGCNRIF T/ Fa—TJEBOT 7> F)LT—)L
AHEFADIeHTRICHBETIEH D FBA. ZOO0RILRVEEHRTIEB
BRIVEZITS CET. GNRERLICEFRIE U—BZR Bt CEE T,
FAREUTC. 10~ 14BNS768 3.5 ~ 5 nm [ED GNRBEICH1TS
BRUREE(F 70,000 ~ 95,000 S/m TI " TOMERFMDI ST 74 ~
KBEMH CHRESN VST —F EEFEDHDTT,

TILFILE GNR (alk-GNR) (R=FTF)LDFAEF HD-GNR.
Aldrich &S :797766) ZRAKTDICIE. PREERYZ 1-/)\0 -
FIWAVICESLET (B10). A VY—Ab—rENer NUDLA
(FN\O7ILAVICERSN. \OFIVAVEEICT VY (BKU basal
HZHOEE) ZBEEEEL. EM U alk-GNR DA V5 —HT ~
(intercalant, BATSNDYE) LHEDFIT, BR#E7IVFIVEZRD alk-
GNR (&, Z)LO—=)b. &> T—FIb. ZIVAVIEEDEKARICE
<HEULET (®3), B, vO00RVAFZIEZO0NYEUHRTIE
RELDIEREIEDFT,

IS F /URY D ZOEMERAE

- 1) Na/Kalloy, DME,
= rt,3d

2) 1-iodohexadecane,
rt,1d

3) meOH,r.t, 10 min

B 3 MWCNT & EEER(E GNR DARIERBRE K OB DERORT. MRS
TWL% MWCNT DYIBB R UBRERE LZR Uic SEM BIfRE. BREEME GNR &
MWCNT DB DEWNVEEE TR UIcBD, (A, B) 2 EREDEZED MWCNT &
0.1 mg/mL 200V ADEBIRDNE, (C, D) N+FTT2)U{E(HD)-GNR & 0.1
mg/mL 200NV ADERDNER. DEIEDSLERCHDIEDDNDFT,
Xk 10 D' 55707218 Cind, (Copyright 2012 American Chemical Society) »

IRUDKANT (B4 KR—) (F. BaRRERT / HE RO
ISR DIEWIBIETE T . EDLSIEY A TDEINIRET TR
DEATH. AT MUHRITIFEC 1,680 cm™ 12D G /L RBKUD
2,700 cm™ fHED 2D /U RDE—IHRSNET. 1,360 cm™ {1
D DIV RIE, HBEAFDELDRBICHRT HBDT. I5T7A
BEDEBZRLET. UIch'o> T, VB RUBREE(LODBIZCHIS
5 DI\ ROZEENS. &R LIE GNR [CEIT S BRKIBROEHNE
Fo MWCNT DS ANRT MUICIFFEEWL D I\ RO DT FILDIHDEE
L AMERID MWCNT hEWEEEZB LTS EZRB UL TWVET,
TORAEESNZERBETOD GNR [CHBIFDANRT ML TIE. DI RO
WEHDABICEEDET, TNE URVDOIvIICHFET DRERT
DB EEDTEHTI . ZILFIUNEDE. D/ ROBREIFES
[CEFED. RBBENEBINULTWD T EZRUEFET, HUE. GNROD
basal EIBHERENICERER(ESNDICH THHERLEFERI TLE
9, basal EIDFILFIVEICE DT, sp? RERTFH sp’ IRRERTFICEA(L
U T T VEICRMEIEUFE T, alk-GNRD G/2D il . 8EI > T T
VOMEICHEETDHENDS. GNREICFILFILED A V5 —hl—2 3
Y UT GNRORIBE UTcC EDVRBENE T,
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Graphene-MnO,-GNRs (GMG)

B 657 TTSy IS MnO>-GNR (GMG) EaMEIDEM. SXEt 14

Graphene

<—

MnO,GNRs

l PDDA

PDDA-MnO,-GNRs

hosFo7Zs g, (Copyright 2013 John Wiley and Sons).

500

K3E#&iE GNR (Aldrich ®#@m&S :797774) HKU7)LF)UE GNR
(Aldrich ®#@m#&ES :797766) (FESSHBLVINAHDAREMZR > TL
FI. ROALLEDIF. GNRZRUN—RA MIBENFIMT S EICK
DHTEEMFIDIFRTT . GNR (FZDIHEM I CTHD MWCNT £EU
<BLTFART h7ZEBUTVEIH. F/BEDEVND. D DR
WDIFTEWENCAERZDIZES LE T, FIAIE. FEIERYUY—(C GNR
IR 2 EEBIPIFUEDBINICEEL P MWCNT ZMZ f25a s
RELEFDBRMIONE T RDEFZRVDIE GNRZETRNI Y —
Bakld. BEICELFEETIHBICELER (<002) ZRIRICH
DEd (B5). BFMRO/NEEICIE. SIFERHMBIOEYA 2O
RERMBRE CHFBED S BBKEMBDRUE TH S, EELFN
AV REVAFT ., BRRENAIORREICOVNTERKRCHH L
(& YT IDILAPZOMDERREICIIIFBICEEZLLDET,
GNR DIEEHS FUEFEZELSE DT ET, BEHDERBLUFE
R RLWVEECDE > CEF UWMEICHET LN TEE T, R
BEFHIZEH, SBHTHL (>1,000) EXTHEOJAETHD., MWiHd
DIBRFHIIFEBITEL (<002) BHSBEL (#11.0) BEZEDET

GNRDIGHEE L THEEEH S0 EDDMF. BB RURA—/—F+)C
S REEIEE UTORE T, HdXETIE. I5T1 0TIy
TEN MnO2-GNR (GMG : graphene-wrapped MnO>-GNR) H'©

1000 1500 2000 2500 3000 3500
Wavenumber cm’

B4 MWCNT. GNR. ZILFJUE GNR DSV AT ML

GNR DIt HRTEEM

GMG D SEM Bl SC#k 14 h'SHEI =18 Tond (Copyright 2013 John Wiley

and Sons),

55, WESIEEEEZEE T OEAUEHRTBROEMT & &I
LCTWEYT (B6BKU7). COEAGKCTIF. GNR EICEEME U
MnO: Z0 27 T VHE B U D DATNET,

GMG E#EHDERICED. UF D LA Z VEBAEEHOEBS LS
NLZEMZHRANCE LS EDEDFREEED T,

N B)
' ¥
0.8

e\ U Sil
e (.5% GNR
em—().5% MWCNT

0.04 —_—

10 A) > 12
£
> 9 2
- -
s 8 a— NUSi =
s 7 e 0.5% GNR g
‘€ 6 m— 0,5% MWCNT I 06
& s 2 04
© 4 £ 024
@ =)
x 3 g
2 T T T T T = -0.2
0 200 400 600 800 1000 0
Frequency (MHz)

200 400 600 800 1000
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0.124 Q
010 SN

€

S 0.08

2 0.064 e NUSil

g e 0.5% GNR

a 0.04 e .5% MWCNT

S 0.021 B
0.00{ =

0 200 400 600 800 1000

Frequency (MHz)

B 5 GNR/NuSIl (ZUIVISAIY—) EGMROFEBERE. (A) ERFABEDSEEL, (B) 288, (C) 5FEER (oss tangent)e IS5 THDSA VI,
FEHE NuSil (B). 0.5 wt9 DEBM T « S—Z250 MWCNT/NUSIl (). GNR/NuSIl (77) EEMRIZERLTVE T, Xt 12 KOFFAZS Cinsl
(Copyright 2011 American Chemical Society) »
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BRUEFHERICKD. GMG TIE MnO-I5 70 T VRIS HEE
MnO: . BEBHHE U COEEENSED. YA TILZERED
BELCTVBTEDRENE Ufce TNEFIST TV GNR. BXU
MnO: BIDHERDRICEDBDTT . INOFHHEICRD. BiEHNLD
D OEBRBEICONCREVCREZI/OIENTEFT, HIRIE. &
MEE 0.1 A/g Tl EEBDED 672 mAh/g 2 T+ 2)L) Hh'5 890
mAh/g (180 U Z)L) [CEIMULEFET. L—MFHD SIdE. GMG BB
HREOY A 7))V CTHRE CHD I EDRENTCNE T, GMG T
(& MG (MnO»-GNR) EBRICRAID 5 YA )L CHEEDRBIDE
SNFT. 5TATJLLEE. GMG OREBEEIL 571 mAh/g (610
L) 5465 mAh/g 0 T+ Z)L) (TEALETHL 648 mAh/g (170
TA2)L) [TBNMULERT. 250 U4 J)LETH, GMG [FLEEE 612
MAh/g ZREFLCVE T, E5IC. GMGDI—OVHEE. RIIDE
HADIVEBRNT, 99% LI EZ#ER L CWLE T,

BIDMER" Tld, RUFZZU> (PANI: polyaniline) & GNR D7 /18
AMBIOERIC. GNR BAVSGNTVET (K8). PANIF./Ow Kz
MESTDTTU—hEUTGNRBRIBESNTCED. PANI-GNR 7~
/BERIEGNREFERN TP ZU VD insitu ERICK D CREINE T,
CODEAETIE. GNRIFPANI /0w RZHlESBOFRIEED,
BEHROBILBEZO ESTDIEITTIFE L PANI OFFEMZEZ £,
BEEOEBNE 4220 DEEDRICLTLERT,

(3 Aniline £5
\ (=]

C:',"::ﬁ Graphene nanoribbon @ Aniline

8 PANI-GNR EEMHIERTTEDERERE, APS (ammonium persulfate) %
T GNR LICER PANI ZEE UF T, Xk 15 KDFFAI7Z13 Cendl (Copyright
2013 American Chemical Society) o

PANI-GNRs

/BONIEERHE 340 F/g LWL HEEZRU. 4200 U1 J)ILEHHE
BHERIERDY 0% ERE LU A DIV ZEB LET. COEGIRO
SULIEEEL. BFM GNR EEBE7ZHE I o PANI DAERIHSEDOEI(C
FHBDCTT,

FOMDEENRAE LTI alk-GNR B U Y —8 &0 B EE
ZEETSEDENTHERINTVET S, alk-GNR ZSTEAE B R
L%~ (TPU : thermoplastic polyurethane) E&® T « )L LADYA
B v A NEAICEDIERINTVET, HD-GNR (Aldrich #RES :
797766) [FIRUD LYV MUY IIWNTTRICHE L. TPU DES
BESITRIULET, DFN 05 wt% D alk-GNR (K> T. TPUICH
[FHEFRHADENIEERG 3HER<EDFLIE (B9).

A) B)
1000*\-—.—_—_—.

= — 8004

© ©

-] 3 |

£ £ o

g g

3 :

o g 4004

a a
—— e 200+ s . s v . - !
0 200 400 600 800 1000 0 20000 40000 60000

Time (s)

Time (s)
9 (A)TPU HKU TPU/HD-GNR FEDEE FORMIFZ(L, (B) REREICHIF

% TPU/0.5 wt.%HD-GNR & EDEK FOERTF. Xt 16 KDFFO7ZE T
& (Copyright 2013 American Chemical Society)

IdZT7xTF /IRy ZOaEInA

HABED SFRASN. 5IRABRD RUBRIRBEINTD STRENDED.
alk-GNRZIA & CEICR D TRAEWR T « )L LDOEIREIFFIEBESN
Fllco COWEICRD. BREEPEE CBEIDEZ SN AITEAS
DITANE DI S RIREED DD ET . EERT )L LD EBIEIC
DVTCIER 9 72, AIMDHERIFR 1 2B ZEL,

=1 REDTNMFZSORYU X —EERIOA U Zile UTOMRELER
Barrier Material

GO (Aldrich Prod. No. 763705, etc)
Nanoclay'® (Aldrich Prod. No. 682608, etc.)
HD-GNRs (Aldrich Prod. No. 797766)

Gas Permeation

80x decrease at 3 wt % filler

14x decrease at 28 wt % filler
1,000x decrease at 0.5 wt % filler

+z4
iND afff

GNR B&KU alk-GNR &, #HZ < DE&EICHIFHEVAEEEZE LTL)
FI, BEDE A BFHEELHARIRUY—EGRBLUOIRILF—
ETEAEAM B CT . CNOMMlIEEERE. MREICEODTRIDAF
LPI<IED. BDZORIFEPHENKDEBRIND L DITHENE. K
DL DELZEDDCETLL D,
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Graphene Nanoribbons

Name Purity
Graphene nanoribbons

Graphene nanoribbons, alkyl functionalized

Graphene Films

Name

Monolayer graphene film, 1 cm x 1 cm on copper foil
Monolayer graphene film, 1 cm x 1 cm on quartz
Monolayer graphene film, 1 cm x 1 cm on SiO,/Si substrate

Monolayer graphene film, 1in.x 1in.on PET film

Monolayer graphene film, 2 in. x 2 in. on PET film

>90.0% carbon basis, TGA
>85% carbon basis, TGA

Dimension
L X W 2-15 um x 40-250 nm
L XW 2-15 pm x 40-250 nm

Suspended monolayer graphene on TEM grid substrate (Quantifoil gold)

Graphene Inks

Name

Graphene dispersion

Graphene Nanoplatelets

Description

Surface Area

BET surf. area 48-58 m?/g
BET surf. area 38 m?/g

Sheet Resistance

600 Q/sq
600 ()/sq
600 Q/sq
700 Q)/sq

700 QV/sq
170 Q/sq

with ethyl cellulose in cyclohexanone and terpineol, inkjet printable

with ethyl cellulose in terpineol, gravure printable

with ethyl cellulose in terpineol, screen printable

Name Form

Graphene nanoplatelets powder

1 mg/mL, dispersion in H,0

Graphene Oxide
Name Description
Graphene oxide 2mg/mL
4 mg/mL
15-20 sheets
4-10% edge-oxidized
15-20 sheets, 4-10% edge-oxidized,
1 mg/mL in water (dispersion)
Graphene oxide, ammonia functionalized 1 mg/mL

Reduced graphene oxide

h—m>r/Fa-=7

chemically reduced

F/EORFERBUZNE aldrich.com/nano-jp ZZE&L12E 0,

Multi-walled Carbon Nanotubes

Production Method
CoMoCAT® Catalytic Chemical Vapor Deposition (CVD) Method

Catalytic Carbon Vapor Deposition (CCVD) Method

Chemical Vapor Deposition (CVD) Method

Description

OD.xID.xL10nm +1 nm x 4.5 nm £0.5 nm X 3-~6 ym

(TEM)

OD.x1D.xL10nmx4.5nm x4 um
Aspect ratio (L/D) 350-550

Tubes typically have 6-8 tube walls.

avg. diam. x L 9.5 nm x <1 ym (TEM)
thin and short

avg.diam. x L 9.5 nm x 1.5 ym (TEM)
thin

OD.x L6-13 nm x 2.5-20 pm

12 nm (average diameter, HRTEM)

10 um (average length, TEM)

Dx L 110-170 nm X 5-9 um

Sheet Resistance
10 (+/-5) Q/sq (for a 25 pm film)
10 (+/-5) Q/sq (for a 25 pm film)

Form

dispersion in H,O

dispersion in H,O

powder

liquid

dispersion in H,O

powder

Purity
>98% carbon basis

70-80%, TGA (Carbon content)

Metal Oxide <5% TGA

Metal Oxide <5% TGA

>98% carbon basis

>90% carbon basis

Prod. No.
797774-500MG
797766-500MG

Prod. No.
773697-4EA
773719-4EA
773700-4EA

745863-1EA
745863-5EA

745871-1EA
798177-1PK

Prod. No.
793663-5ML
796115-10ML
798983-10ML

Prod. No.
799084-500MG
799092-50ML

Prod. No.

763705-25ML
763705-100ML

777676-50ML
777676-200ML

796034-1G

794341-50ML
794341-200ML

791520-25ML
791520-100ML

777684-250MG
777684-500MG

Prod. No.

773840-25G
773840-100G

791431-25G

791431-100G

755117-1G

755133-5G

698849-1G

659258-2G
659258-10G
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Double-walled Carbon Nanotubes

Production Method

Catalytic Carbon Vapor Deposition (CCVD) Method

Dimension
avg. diam.x L 3.5 nmx >3 um (TEM)

avg. diam. x L 3.5 nm x 1-10 um (TEM)

Single-walled Carbon Nanotubes

Production Method

CoMoCAT® Catalytic Chemical Vapor Deposition (CVD) Method

(6,5) chirality; carbon =95%

CoMoCAT® Catalytic Chemical Vapor Deposition (CVD) Method

(6,5) chirality

CoMoCAT® Catalytic Chemical Vapor Deposition (CVD) Method

(7,6) chirality

CoMoCAT® Catalytic Chemical Vapor Deposition (CVD) method

Catalytic Carbon Vapor Deposition (CCVD) Method

Electric Arc Discharge Method

Dimension

diameter 0.7 - 0.9 nm (by fluorescence)

diameter 0.7 - 0.9 nm (by fluorescence)
L =700 nm

diameter 0.7 - 1.1 nm
L 300-2300 nm (mode: 800nm; AFM)

diameter 0.6 - 1.1 nm

diameter 0.7 - 1.4 nm

diameter 0.7 - 1.3 nm

L 450-2300 nm (mode: 800nm; AFM)
average diameter 2 nm

X L x 3 (TEM)

diameter 1.2- 1.7 nm

L03-5 pm

diameter 1.2- 1.7 nm

1.0.3-5 um

diameter 1.2- 1.7 nm

L0.3-5um

diameter 1.2-1.7 nm
L 03-5 um

Single-walled Carbon Nanotube Inks

Form

dispersion in H,0 (black liquid)

viscous liquid (black)

F/o0A

Name

Halloysite nanoclay

Nanoclay, hydrophilic bentonite

Nanoclay, surface modified

SWCNT Concentration

0.20 +/- 0.01 g/L (by Absorbance at 854 nm

1.00 +/- 0.05 g/L (SWCNT concentration by

Absorbance at 854 nm)

1 mg/mL

Viscosity

viscosity ~1.0 mPa.s

viscosity 17.7 Pa.s at 25°C
(at 10 sec’’ shear rate)

Additives

trimethyl stearyl ammonium 25-30 wt. %

dimethyl dialkyl (C14-C18) amine 35-45 wt. %

viscosity 3.0 mPa.s (at 10 sec’ shear rate)

IdZT7xTF /IRy ZOaEInA

Purity
Metal Oxide <10% TGA
Metal Oxide <10% TGA

Purity
>93% (carbon as SWNT)

>77% (carbon as SWNT)
>77% (carbon as SWNT)
>95% (carbon as SWCNT)
>80.0% (carbon as SWNT)
>70% (carbon as SWNT)
>70%, TGA

30% (Metallic)

70% (Semiconducting)
30% (Metallic)

70% (Semiconducting)
2% (Metallic)

98% (Semiconducting)

2% (Semiconducting)
98% (Metallic)

Sheet Resistance
<400 O)/sq
(by 4-point probe on prepared film by spray)
<600 ()/sq (at 85% VLT (ohm/square),
by 4-point probe on prepared film by spray)

$<1,000 Q/sq
(by 4-point probe on prepared, at 87.5% VLT (chm/sq))

aminopropyltriethoxysilane 0.5-5 wt. %; octadecylamine 15-35 wt. %

methyl dihydroxyethy! hydrogenated tallow ammonium 25-30 wt. %

Prod. No.
755141-1G
755168-1G

Prod. No.

773735-250MG
773735-1G

704148-250MG
704148-1G

704121-250MG
704121-1G

775533-250MG
775533-1G

724777-250MG
724777-1G

704113-250MG
704113-1G

755710-250MG
755710-1G

750492-100MG

750514-25MG

750522-1MG

750530-1MG

Prod. No.

791490-25ML
791490-100ML

791504-25ML
791504-100ML

792462-25ML
792462-100ML

Prod. No.

685445-100G
685445-500G

682659-500G
682608-500G
682624-500G
682632-500G
682640-500G
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FUSHIC

BZ 20 F£ORIC, BIRES (ROP : ring-opening polymerization) .
ZhOFVRENUIZES (NMPnitroxide-mediated polymerization)?,
[RF#ENSUILES (ATRP:atom transfer free radical polymerization)®.
BROTFERIMIN - FAZLEEEE) (RAFT reversible addition-
fragmentation chain transfer) & KEDEBIEVIES (CLP:
controlled living polymerization) #ffiheuRICFEEL. HFEHMHH
SN LD FED (MWD molecular weight distribution) 7%
D HYEZAERICRE LSRN —ZREaR CE DR DITED
FUlc, BYRE, DFAAX—IVD, filEAE £HRERTHEHED
FIUT =3V TERT DIeHD. KA EIEDREIERY. K
BOBRMBLOTOREZIREE T D, SHEEGHEST FORENS
FOTVET, —RIIC. LEEMRIZGT BT B DEHD
AR BRI T v T RNE L T DRSS AR E RS AT AN
BALSNET . L ULEL<DBE. RIBNEFE, )Ny FE=NEFEL,
AT =)L7 v TR, BEFEEPEYEEZEI ORI —
ZERT BICHD., EEEFFENBRIKDSNTVET, KT, St
SNICBRUEFRT —IL7 v T0REE. FDA SBAICERIEED. £YE
FHRLAICBNTEEZELLEDF T, CNOSEKREmICT /o, WiEiE
&%l (double-head polymerization agent) H BRI, RN DHE
EHFAPEHRSNTCVE S, INHEAEIE. BIRIFCLP™. 21Uy
OTZAN=S FANWTZRA N BEDOREDERFEZHRE
IBH. FRELDIEEM T,

WEBREAH (dual initiator. —BREMD U <[FNTOSREMRIAI &
BIFEFNEFT) (& AREGZRINN DERNICFHIBTED DO
BEMERIZB L CLE T, RIERBEAEIDEAICIE. {ERORUNY—5
RUEICHNTUTORADEHOE T, FI\ 1) RIWEF COEIBB X
OREFBZVBLLETFIC. —RETCITOY IHBESHORFRZORES U
BICHBNICRBadE/ Y—ZRWLWc 0y Iy HESHOERICER

T, &fc. 2) WARBDOBREEZ DIEHRDOT U w7 (block
junction) ([DBENMEZSA. BEDOAZBIFICHRSY LMEDEIRECT .
THIC. 3) BN TOYIHBEARIC T DOBREERRZNS5I D
CEDTEFT,

AUE1—TlF. CONBICBIFHREDERZED EIF, FFITHF.
IS TR D TIEEONBAESEICDVWTCERNEFY (k-
K. INSEAFIZRVCRUY—DREREZDEYEZHNIHAICD
WC. B ICEEZERLUF U, &R&RIC. 2REFEBRZRIT TODAMN
EREFICEAT DIROAENMEICDOVNTINE T,

| -qf"'!E
-“h&\:&“

% S

Degradable Degradable gel
——— - micelle for for tissue
drug delivery engineering

J
Cyclic polymer
Double- ead Agent| for biomedical
applications
5
LS
Qs

Facile synthesis of
hyper-branched

Surface modification
of nanoparticles

conjugate for

polymer enhanced stability
. J
N/ .
L
I~ e
T
/l‘ "«.T -

B1 ALEI—THENIDMBERESRZRANCARLIZN\A AT UPILD
Bll. LIS @0 SEF 07215 Chngl (Copyright (2013, 2011, 2008) American
Chemical Society?***, Copyright (2006) John Wiley and Sons’. Copyright
(2010) Royal Society of Chemistry*. Copyright (2013) Nature Publishing
Group”)
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Double-head

Agent Type Structure
Symmetrical o Br
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Asymmetrical

o
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O
HN*NH

Iy Br
QS\Mero’\'Oﬁ*
(0] o
HOL.O
Fmoc~NLo’*3r
H o]

o

%\O)YB )

NO, O

0N

(o]
[

o
HO\/\O :
| r

o
H O‘/\S’SWO)KﬁB
r
o S
N NO&/“SJRS N
O
o S
/‘OMS*S Oy
o

o
CRataR S

S \CN
C12H25~S*SX/\—OH

o]
S \CN
C12H25“S*S)S(OWN,’\N(\O)V
o N

S \CN o]
A S)WOV\S‘SV\O)KHB .
¢}

Ref.
89

19,20

21

23

22,24

25

26

27

28

29

30

FERFIBEGHC R DRI\ A AT U7 ILDER

) DRI EEAX
WA E S A
RN E G FERR CE UBREREZE L CHED. ZDmiEh S
BREGZRIRT DCHICAVSNE T, INSLayld. BERICH
RMIUEBEZR DINU Y —Daml PR LU Y — D ERERIR
MIMDIEDICHFEASNTNET,

Tsarevsky KU Matyjaszewski (&, S EMHBEIHRD ZFL > (PS)
EEAMT BICHD. DRIV T 1 REEEREM ATRP BRIAHA.
bis[2-(2-bromopropionyloxy) ethyl] disulfide (BBPrEDS) (Da&5t7z
MTHELF UL, IRILT 4 REMBRYINT Eale UTIFF R
LA ~—JU (DTT : dithiothreitol) {b&¥ZEFAL. HRUS—DF5
DN FEEF DB 4 — Uikl PS #1583 Ui,

Armes 513 BBPrEDS ZEREMEIRAIZ ALY, F T 2-(methacryloyloxy)
ethyl phosphorylcholine (MPC). #tL)\C N-isopropylacrylamide
(NIPAAM) ZEATHTET ABA MU TJOvIHEERZER L.
PNIPAMso—PMPC125-SS-PMPCi25-PNIPAMso U ¥ — &85 Uic’s D
HEARKE, 37COEEBENTEVERFCBNT, M8% (w/v) Z
BAOHEARREEDNBRCEIET IV EERLES JILITFA
BEDEFRDFICKD. FROIALT 1 REEEDYITEN S ET.
ZTITIVEARTENCOBLFT. CNOSHEEHRIE. EWEENIG
BUBSIOBENEEZRU. BTy EES (S HigXER TR
Bl UCERMR. 3TLWIATDA VI 05T GEFAREE) U
ERIETEDE T,

Haddleton 5l&. Diels-Alder fIINA7ZHE 9 & 2 FEED _BHEH ATRP
BIaEl (—AETSY - JUA S REMdZE. halE7>Y oty - <
LA S REMBZEERETD) ZHEL. CNOZBEHEKRY (AF)U
AFT1)5—K) (PMMA) OERICEARULEULES, RUY—i#EDHhR
[ Diels-Alder fIIIANFIET T & T, SREFAEIC KD AR
HEEICEDERT, NSO [BEmERRUY—] [F=)RCTMNET S
EICKDREL, EBTOMEICKDBERINET,

DBITIE. Zhao DIIL—ThH BEREI LT « FEUE_ERE4
RAFT 8% 8&| (CTA : chain transfer agent). S-cyanopentanoic
acid dithiobenzoate (S-CPDB) ZBIRULCWLET ', HODIAK TIF.
S-CPDB Z Wz RAFT 8K U ROP IGICK o T EITRINIGEMZR
I TR DOMFIRMEER S —RU < — (terpolymer. =tE&K) &
BRLTWVET, BICETRMORGEEMRICKD, SN2y —
MU —3HRLIETF 4 — VBRI ZNT LT, FA—IVBRERELT LT
Uwo2RIRUNY—, (DBLT) U MN—LBERUNY—. BXUH
EBE#ERILF IOy I HEGENDENCERINE T,

bis(2-hydroxyethyl)disulfide (HES) (&, Rk T X7 )LD ROP [C
FBREAIEIRY H—RR— hOERICIEEHONTWVS. DEEI L
T4 FEBE_EREMBIARIC Y. Zhong SIF. &9 HES sRAIZH
W - H7052 2D ROP [CK D &4 poly( e -caprolactone)
disulfide (PCL-SS-PCL) Z&R Uick. #oNfcRUNY—Z2&itl. &
5IC PEG orthopyridyl disulfide EDI VT « RIERRIENT D
& T, poly(ethylene glycol)-b-PCL (PEG-SS-PCL) ¥ J0OwoHES
FEERUFE UL EITINEM PEG-SS-PCL Y70 w I HEEE(F.
DA REVILES Y (Dox : doxorubicin) O&EnF=1/UE DDS
[CEATSNE Ulce EITRINCIFNEMEDONRPBICHENT, PEG YT
JLODRRE#E DA AETE PEG-SS-PCL =&)L (shell-sheddable micelle) (&
Dox 2k DR HIRMREREICKE U, KOELWiIEEMRZRUE Ui,
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I NEER B S A

IFFRENBRE SR AUC. #BNICTBEEE /Y — 28T
270y IHBAROERE. aRNEECHD. BRHDO—&RIETO
TCRAORBAEMD G DD, KEFBEOZEEDHTNE T, NTONE
REAHIF 2 DORLOBHEEZB L THD. INEROERAT v T
DAREIS, #IEICEES 2 BRADKIL, BEEDEIRECT .. COEEH
ZRW—BRERINICKDSTOY VHBEGOREEEGHICIE. 2 DDE
AEE. BMRFIC(ERRAEL BROE/ Y—DOBEICHEEIERAN G o Tl
DFEA. MAT. BURINREICHWNT 2 DOEERIGHFHIIS I
RETETI DHNED DD FIT, TNOHIBRDITH, FETRE B
BERIEAVTERSNC IOy VHEBERIE. SHETTOZIHE
KEINC R D TERESNCWE Uiz, Tl IENRMENERRIESH]
ZMAUTCARTINSRUN—ICDWNT, FHICEMEFNILAICHRE
MRICERZSWV TR LE T,

ATRP I8 & U WEERIE S

Maynard D2)Lb—J&. ATRP BRIz B S Lo WBRAEAEIZ AL,
BREFECRUN— - )\ OBIVI a5 — MeaRULE LIRS,
HOMKRTIE. EUDILIZIL T« K (PDS) - 186 ATRP B!z AL
THRICHIEE NI poly(2-hydroxyethyl methacrylate) (P(HEMA))
ERRL. DVIETIVIZVIEESIEEULY 2HETE. EF
F AL ATRP FIBaEIZ R b T R PE YV (CEATE. NIPAAM EAR
DYV INOER D ORI E UCTERSNTLET Y, |HIC, 7=
/B ISIEATEL ATRP BBISEIZ AL, BAERTF RERICK>TRT
F RYOORRIZERLTCVET, NS YOMEEIE. HODF
BB IONTT R/ RUN— (BIAIE PHEMA 27U JRU~<—)
D925 —bOAFICFERSNTED., ZORR. to(CHlEls N
HRHESNTWVET'S,

Ny TV VI RBBHIATDIEDTED UV ITZ AN =KD
FTIF. CU' - BRI R - P)LF 408 (CUAMAC 27U w2, Cu-
catalyzed azide-alkyne cycloaddition)” B&BEBZEDHTHD. 15
(SRS INIVEEEEHIC. RUR—DBREE(LBSRUMRIERKICfHE
BTSN2LIITHESTVETE, CUAAC I U wIRIEIE. ATRP [CkD
TRESNORUSN—DT U v I RINAIEEBREDEANE S CTh
D, ZBECEUMERZFERT &I, ATRP EOHAICHRISEL T
W&ET ., NS 2 DOENcRITZHGEHEDTET. BN TEDM
BORDPARE LN > TWVET, BIZIE Grayson DIIL—TE. 7L+
~'BEREEL ATRP BIARIZ BV TR Y —ZAR L TWVET ", &
DFEZANT. Wei Sl3#&EET )\ —ABRIREA 7 VR —7%&
AL, BERBELEICERUT, BRRUNY—EREDHRZRDOD
DD, HHBEERREADSBEMENT EZRUE LY. ZOMICH
Gohy KU Fustin DI )—T(Ck o CHERASRBEINEFRINTS
D. TOD ATRP BFRRIICIF. o- = hONV IV I AT IUADREES
CUAAC Z U w O RIBRD T ILF VERSENTNET Y,

Oh 5I&. Matyjaszewski D )L—TH¥HeE LTz ATRP & ROP Z#dr&
DB TERIRICAVERAE] (HO-BUBN? ZEI(C. EITRIINEEZ T

T4 A TOWEERFIAR] (HO-SS-iBUBr) Z#ifclCHRR LE LIz, OH-

SS-iBUBr ZHE R CIE. S 7F KD ROP 5K U oligo(ethylene glycol)
methyl ether methacrylate (OEGMA) D ATRP HAMH(ZHIEIS I, L
NTFENT (<1.2) ZHROHBESNcELIBETOY I HESGHE (PLA-
SS-POEGMA) Hh'85MNZFE T . PLA-SS-POEGMA DK ME=T)LIERLICK
D. PLA 07 & POEGMA OO MIRFREIC SS EAMMIET &, I7
SYTIVERIVDEONE T, MIBEES (cytosol) FEDRTIRE
TCE, IRV« MGG R S & C POEGMA JOF7 A PLA O

7HobiEt (shed) L. J0A REEMZELROZ PLA D7 AR ULE
9, filfEEtsantE. CNOSDIRD S, 08 PLAZRW
sheddable = &)Ul&. #IBANEYXEROIR NS v IT7U/NU—=2Z
TLhEUCERTOHHEREDRENE U,

Wei 536 UWEREBIEEIZ AL, Bk PCL JOw 0. pH &
oligoamine tetraethylenepentamine (TEPA) - {&&f poly(glycidy!
methacrylate) (PGMA) 0w 2. SKRUHEHKME OEGMA TT A

N R D= TR D 0w 2 IR X — PCL-SS-P((GMA-TEPA)-st-
OEGMA) Z&R LE Uiz, BTSN IBERSAI Tdnd HO-SS-
iBuBr ZFL iz ROP [CK D sheddable Ikt PCL O w I D&M S
N, INIckEE< GMA & OEGMA D ATRP RIRICHIT 2~ 7 OFFaAl &
UCERSINE Ulc. CO#MRTO Y I#iET (statistical) HEGHTIE.
HRAMRRICHIT DR FREM ZEH SIHDILFNERK L. HEFEA
THENICTSAZ B SiRNA Z RIS B STHD statistical 73HK1E
DPEFEDEINTVET .. ARUI—IE. TOLHEEMS KUEFRE
HEICKD. YOIAWARND in vivo BILFEANCHEM CTHD T EDTREN
TVEY,

RAFT CTA ZE# & U NGRS SE
RAFT CTA 288 & UIREBRESHF. F/\0BOY T2 — .
FIRFADRUI—DIT ST Mb, BRUEFEBEMINIEE. RS
EYESENLANG I T RIGERIRZ R ORI Y —DERICHERATER
9. Zhao DIIL—(&. RAFT A& CUAAC VU w O ZEBHEDTE.
Z- 7K - BREE(L RAFT CTA. S-azidepropoxycarbonylethyl
S'-methoxycarbonylphenylmethyl trithiocarbonate (AMP)? /=&
7- 7 IbF > -BHEEML RAFT CTA® ZRUWZRERU Y —P<)LF J0OY
I HEBEBGUDFHEREZHRELF Ulc. INORUN—FVURF/
KFADIT ST MEICEREINE Uz, Maynard DI)L—T1&. &~
OB/ IRUN—22D 25— bOBERMAIC, PDS - BRER(E MU TS
FIVIRF— b CTA Z38EH LE LIe”s RAFT &R LIe) U AEHR
N—"TC&% poly(sodium 4-styrenesulfonate-co-poly(ethylene glycol)
methyl ether methacrylate) 7=, BEMHHRHTHIERERF (bFGF)
[CHER-EATEDTET. KA T« TIEDFGF EIFRIED. BENO K
NREMICEHE UfARACTIE R MU RER (k. FBEME o RBR IR
RESRME. BROTVIOBDERIEE) FENIHBNT, YVIUER
EMEDAIRICE E L3 UTcs

BEFRUSY—#EIF. RAFT CTA ZR—XEUTe BRI EAEIZERL
CREITDEDHARETT, Youk Sld. 4-cyano-4-(dodecylsulfanyl-
thiocarbonyl)sulfanylpentanol (CDP) 7., —EXBET®D RAFT G EH
KU ROP [CH1FB dual initiator & ULTEEA L. T (CHESNIZT
OvoRBEAREARLTVETE, —D0OFITIF. EZILE/X—D
RAFTEAICK > TamLIETOv o &, BIKE/NY—DROP ICEL>T
BRLIETOvInSiEed 70y vHEERZ, RAFT BEGICTHUE
L) ROP ERIVERIRZZ (A UTe —ERBEERIC I DL CWVET, T4 71
UIRZILVFH B8 728 UIc o e R e S U E Z)LEZN Uik
D EBEI L EMTFIE(E TD RAFT EAICKD . BRREFEAHIE SN
F 9. Sumerlin S(& acryloyl trithiocarbonate Z&m L. REDLER
T NIPAAM [CRBDHBERMWVEITD T ET, FHNCBLEMRU Y —
CBIF2DEDABEIORSZRAHLF LY. BZE/ X—DTH
1% RAFT EAICK 2 TEU DI PNIPAAM Y20 CTA [CHBWL TR <
HIERNER S NSO, EERIGHAITEH ST A HILIRZILFAEE
WDMRFENTVSD T EPHEONIEOTWVET . COFER. Sifid
FHRRIGPREBELE EZIBEN RS RE DR E A Rin &2 1
D, BERISRBINE D RHBSGHEOERHICINA TE S oM ZR > C
(AES-
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RAFT-ATRP XEEEVESH

Wei 51, #8711/ \U—~DIHAICEIFTe. sheddable 1&gk IO
DR DONTTF RERR CHESHOAMIC. RITINEE RAFT-ATRP
WEERLEAFIZAE LI, BRI NCRITRINEE MRS 7 >/
JOv IOHBEKRTEHD P(OEGMA)-SS-P(GMA-TEPA) 1, CDNERILE
BE7EAWNT OEGMA D RAFT EGH K U glycidyl methacrylate (GMA)
D ATRP EDfEFEDBICE D TERLICE. P(GMA) T70Ov I DRI
M TIRFED tetraethylenepentamine (TEPA) [C&> TIEEIE NS
CETESNEFYT, COYIOYIHEARE. HTFEDRIHEI 5
([CHIESTC R ZR U, &Foo IYFFIRATIVERREDOT = /UIR
([CRDTELDEREF A —IL DX AT IJVEUTINIC KD TIOF DS
[CHVTHEAIIZNE R TF RTHD Tet] THRBICEEMT O ED
AEETCY. RENIERUNY—IF. BOWNSYRT UV 3 VHERRS
EHYS invivo COERISEL. 1BICHT T EMDEWV I FZER U
FI, INF. RMUR—HRDY—TT I, TV RY— LR, B
BB KIUH—T (cargo) ORHEICEIT HHEEEN. Tetl XRTF K, 7
O b AETIRRR TEPA 7 =2/, RITRIDINE N ¥ — B8 EIE(C K o
TENZTIUTESNTLBIHEBEZOENEFT (B2). CDKDIC. &K
JTOv I HBEEHIRIMES KOEREAEZ HERDIch. FLER
FIREICBWVT, MERUDFA NS —RELRERZEDBN NS
VAT TV I VHEERFLTCVS T ENRENE Ulc. 2Dz,
RAFT-ATRP WEERVEGHAIE, BRCTRSY A TODLHEBEMHEYRED K UE
LFRERAND Y —ZR/E T DICODRNANEFEELDE T,

Pendant oligoamine side chain

o.¥a 1o / 1 P
AR -\ + Jw""-":"',l#"iﬂ} \‘
4 & \ Tet1 targeting peptide

Q
Disulfide bridge "
L ..':'.l i
- ‘?"PE e
[} & -
T / \
Stable core-shell

P(GMA) backbone

-
"'.i’r}‘E‘ - polyplex
i ¥ 'y
» 2 £ /f B S

-~ ‘J: . -

P, " Cytoplasm e,
* ./- »

1 Nucleus
."ll \‘ L & \:“I )

| N “?‘"'.* g P
N Ty
3 o _—rgﬁg [ |
PC-12 cell Sely ¥l
\ 1 3 ‘

2 P(OEGMA)15-SS-P(GMA-TEPA)so [ 1 74 > MIRU X —DHEE. DNA B
fia. #fEES. IV YA b= BRUOTNICHR<ETRive U d—&
U7z pDNA ORBREAH D272 R UTCR. Xt 30 557017215 Cind,
(Copyright (2012) American Chemical Society) .

/

FERFIBEGHC R DRI\ A AT U7 ILDER

isRd U5 RDESE
SRRISNBEREAHIDRFHBRURRES. SR RERNEOTEN
EFED—DTT . WBEUEGEICKI DT, BRBIUBREE(LAT v
T TIC. KICIEERETC. BFdEE RItETD ZEhFlaeEs
EO. IBROT Oy VHEGREGAEZKBICEIRET S EEEIC. £
BIFE/N—EN—RE VB HNEMBZ R I HRAIEHR IOy JH
BARZRRITOIENTEET, BE 10FHIC. IO UEGAEID
FFICKRETRESDH SN CEIFELITHIED T Ao

I T 1 FEEDERDEOZEED TVDDIFTFETNERTHD. 15
BUEVIEGTOCRICHTHIRILT « ROBNICEGMHE. BPD
BEETPCBITDIRAILT « NEGDEIENEDEE TEfl. BRUIR
VT« ROEYZHEEMDIZHIC, FEEREEFIDI LT 1 RiEE
(FOBEEEE UCHIRSNCWVE T, Fioo DBIENRAEGEZRH
FIDCHD. B pHOEE. BRIVEHEE. HRULRERMEIUEIELE.
EORFULEMEEEDRICET HMRIEINDSDT -V ELED, 5
BOMEMEOCEEZENFT,

SHED. RASRBEALEERZ AN TERS NS R/ A F T U7 )L
DTSR HICBNC, KREFFHERDPAFENE T,
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Symmetric Difunctional Initiators

Name
Bis[2-(2"-bromoisobutyryloxy)ethyl]disulfide

Bis[2-(2-bromoisobutyryloxy)undecyl] disulfide

2-Bromoisobutyric anhydride

Ethylene bis(2-bromoisobutyrate)

2-Hydroxyethyl disulfide

Structure

o) CH3

e, L s oo
S
Br ° s b CH3

CH; 0

(0]

H3C%OCH (CHp)sCH,S i H
2T2lomT2 \SCH;(CHZ)QCHZOJS(C 3

HsC Br
Br CHj

o o
HaC o CHs

HsC Br  Br CHs

HsC

i CH
Br %\WO\/\O& 3
Br
H3C
0 CHs

HO\/\S/S\/\OH

Asymmetric Difunctional Initiators

Description

Atom Transfer Radical Polymerization (ATRP) initiator for the
preparation of biodegradable polymers as well as polymers that
adhere to gold surfaces. May also be used to introduce a tem-
perature and light sensitive cleavable region into the polymer.

Atom transfer Radical Polymerization (ATRP) initiator commonly
used to functionalize noble metal surfaces, and in the preparation
of polymer brushes and biodegradable hydrogels. Also may be
used to introduce a temperature and light sensitive cleavable
region into the polymer.

Highly effective difunctional initiator for atom transfer radical
polymerization (ATRP).

Atom Transfer Radical Polymerization (ATRP) initiator for the cre-
ation of difunctional polymers. Polymerization will occur at two
sites creating a polymer with ester functionality at the center.

Degradable disulfide-bridged bifunctional initiator.

Prod. No.

723169-1G
723169-5G

733350-500MG

766399-1G
766399-5G

723177-1G
723177-5G

380474-50ML
380474-250ML

Name Structure Description Prod. No.
2-Azidoethyl 2-bromoisobutyrate o Bifunctional initiator with a bromoisobutyryl moiety for atom 792055-1G
H.C N transfer radical polymerization (ATRP) and an azide moiety
5 ~~_-Na . . - " " .
O that can be used in Cu-mediated ligation ('click" chemistry) for
HsC Br biomaterials, carbon nanotubes and graphene sheets.
2-Bromoisobutanoic acid N-hydroxysuccinimide ester ﬂ Atom transfer radical polymerization (ATRP) initiator with an 792047-1G
O N/H 8 NHS ester moiety for conjugation chemistry, useful for biological
| 8% CHg ligations.
Br
[e]
2-(2-Bromoisobutyryloxy)ethyl methacrylate H3C_ Br o Atom Transfer Radical Polymerization (ATRP) initiator with 734586-1G
ch&(o\/\o)K(/CH 2 a methacrylate functionality for branched polymerization, 734586-5G
o R orthogonal polymerization, or other functionalization.
3-Butynyl 2-bromoisobutyrate o] Atom Transfer Radical Polymerization (ATRP) initiator with alkyne  765104-1G
HsC 0 ™ —=cH functionality. Alkyne can be useful in coupling reactions/ligation.
HsC Br
2-Hydroxyethyl 2-bromoisobutyrate Atom Transfer Radical Polymerization (ATRP) initiator for the 723150-1G
HsC A~ OH creation of hydroxy functionalized telechelic polymers. Can be 723150-5G
Br o used to modify carboxylate- or isocyanate- modified surfaces,
CHs particles or biomolecules.
Propargy! 2-bromoisobutyrate HsC_ CHs Atom transfer radical polymerization (ATRP) initiator with an 773468-1G
Br O _cH acetylene functionality that enables Cu-mediated ligation (‘click”
o chemistry) or other functionalization.
Standard ATRP Initiators
Name Structure Description Prod. No.
Pentaerythritol tetrakis(2-bromoisobutyrate) CHj Atom Transfer Radical Polymerization (ATRP) initiator for the 723193-1G
OYFB, creation of tetrafunctional polymers. Polymerization will occur at 723193-5G
o CHs four sites creating a four-arm star polymer.
o] 9
CH
H;C%o/ﬂjo&sr 3
""CHy; o CHs
o
Br
CH;
Poly(ethylene glycol) bis(2-bromoisobutyrate), 2,200 HsC Br [o} Poly(ethylene glycol)-containing ATRP initiator for generatinga ~ 741019-1G
H C)QH{O O)‘><CH3 triblock copolymer with a PEG block in the center.
3!
o n Br CHz
(o)
Poly(ethylene glycol) methyl ether 2-bromoisobutyrate, o cH Poly(ethylene glycol)-containing ATRP initiator for generatinga ~ 739456-1G
1,200 Hs3C HO : block copolymer with a PEG block on one end. The PEG blockis 739456-5G
Br CHj terminated with an unreactive methoxy group.
(o}
Poly(ethylene glycol) methyl ether 2-bromoisobutyrate, o Hsy Poly(ethylene glycol)-containing ATRP initiator for generatinga ~ 750069-1G
2,000 HsC o block copolymer with a PEG block on one end. The PEG blockis  750069-5G
Br CHs terminated with an unreactive methoxy group.
(o}
Poly(ethylene glycol) methyl ether 2-bromoisobutyrate, o cH Poly(ethylene glycol)-containing ATRP initiator for generatinga ~ 736333-1G
5,000 Hs5C HO : block copolymer with a PEG block on one end. The PEG blockis 736333-5G
Bro CHj terminated with an unreactive methoxy group.
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Name Structure Description Prod. No.
4-Cyano-4-[(dodecylsulfanylthiocarbonyl)sulfanyl] S H.C CN RAFT agent for controlled radical polymerization; especially 723274-1G
pentanoic acid CHa(CHa)1oCHa- e ° OH suited for the polymerization of methacrylate, methacrylamide  723274-5G
S SX/\N and styrene monomers.
[e]
Cyanomethyl dodecy! trithiocarbonate s RAFT agent for controlled radical polymerization; especially 723029-1G
CHy(CHa)1CHa k PN suited for the polymerization of styrene, acrylate and acryl- 723029-5G
8§~ 78T CN amide monomers.
Cyanomethyl methyl(phenyl)carbamodithioate CH, RAFT agent for controlled radical polymerization; especially 723002-1G
N. _S. _CN suited for the polymerization of vinyl ester and vinyl amide 723002-5G
DA monomers.
S
4-Cyano-4-(phenylcarbonothioylthio)pentanoic acid S HsC CON RAFT agent for controlled radical polymerization; especially 722995-1G
SMOH suited for the polymerization of methacrylate and methacryl- ~ 722995-5G
amide monomers.
[e]
2-Cyano-2-propyl benzodithioate S HsC CN RAFT agent for controlled radical polymerization; especially 722987-1G
P suited for the polymerization of methacrylate and methacryl- ~ 722987-5G
| s CHa amide monomers.
x
2-Cyano-2-propyl dodecyl trithiocarbonate S H.C CN RAFT agent for controlled radical polymerization; especially 723037-1G
CHa(CHz)10CHa- )k\ 3)< suited for the polymerization of methacrylate, methacrylamide  723037-5G
§” ST "CHy and styrene monomers.
S,S-Dibenzyl trithiocarbonate s Trithiocarbonate-based RAFT agent used as a bifunctional in ~ 746304-1G
Py RAFT polymerization of block copolymers for drug delivery. 746304-5G
@S S/\© Provides good control of polymerization of vinyl monomers,
including styrene, methacrylate, and acrylamide.
2-(Dodecylthiocarbonothioylthio)-2-methylpropionic acid S HsC CHs RAFT agent for controlled radical polymerization; especially 723010-1G
CHg(CHg)19CHa-. OH suited for the polymerization of styrene, acrylate and acryl- 723010-5G
s s Y Y! Yl Y
amide monomers.
o
2-(Dodecylthiocarbonothioylthio)-2-methylpropionic acid S HyC CHj o Functionalized RAFT agent for controlled radical polymeriza- 741035-1G
N-hydroxysuccinimide ester )%(o\ tion; especially suited for the polymerization of styrene; acrylate 741035-5G
CH3(CH 2)10CHLS ™ 7S N and acrylamide monomers. NHS ester terminus can be used to
o d conjugate to a variety of biomolecules. .
2-Phenyl-2-propyl benzodithioate S HiC oy RAFT agent for controlled radical polymerization; especially 731269-1G
3 suited for the polymerization of methacrylates/methacryl- 731269-5G
S % amides, and to a lesser extent acrylates/acrylamides and
styrenes;
Poly(ethylene glycol) methyl ether (4-cyano- o RAFT agent for controlled radical polymerization; especially 751626-1G
4-pentanoate dodecy! trithiocarbonate), 5,400 o /“\/Y SCH 5(CH 2)10CH 3 suited for the polymerization of styrene, acrylate, and acryl- 751626-5G
H3C o7 amide monomers to make lithographically and biologically
n HiC N 5 important PEG-block copolymers.
Poly(ethylene glycol) methyl ether (2-methyl- o RAFT agent for controlled radical polymerization; especially 752495-1G
2-propionic acid dodecyl! trithiocarbonate), 10,000 {/OM}\ S _SCH 5(CH 5)16CH 3 suited for the polymerization of styrene; acrylate; and acryl-
HsC nO \ﬂ/ amide monomers to make lithographically and biologically
HsC CH3S important PEG-block copolymers.
BEE{LRAFT - ATRP/RU
. J—
=7 muY
BESINIEAREOERHJANS aldrich.com/crpg-jp ZTE&LEE,
Polystyrene Block Copolymers
Name Structure Molecular Weight PDI Prod. No.
Polystyrene-block-poly(acrylic acid) _ M, 27,000-31,000 (polystyrene) <1.1PDI 746991-1G
“:':g - H M, 4,000-6,000 (poly(acrylic acid))
3 -
CHy - | 7 0H M, 31,000-37,000 (total)
x
M, 27,000-31,000 (polystyrene) < 1.1PDI 747009-500MG
M, 1,000-2,000 (poly(acrylic acid))
M, 28,000-33,000 (total)
M, 27,000-31,000 (polystyrene) <1.1PDI 746983-500MG
M, 8,000-10,000 (poly(acrylic acid))
M, 35,000-41,000 (total)
Polystyrene-block-poly(tert-butyl acrylate), DDMAT o average M, 12,000 <12PDI 776432-1G
terminated, acid terminated S._S.
Ho YISy S et
HaC Ch, Ph S
[ole]
HaC——CHs
CH,
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Polylactide Functionalized Polymers

Name

Poly(L-lactide), 2-bromoisobutyryl terminated

Poly(D,L-lactide), 4-cyano-4-[(dodecylsulfanyl-
thiocarbonyl)sulfanyllpentonate terminated

Macro-polymerization Agents

Name
Polystyrene, azide terminated

Polystyrene, DDMAT terminated

Polystyrene, thiol terminated

Poly(tert-butyl acrylate), DDMAT terminated

Poly(acrylic acid), DDMAT terminated

Poly(hydroxyethyl methacrylate), DDMAT
terminated

Poly(N,N-dimethylacrylamide), DDMAT
terminated

Poly(N-isopropylacrylamide), azide terminated

Poly(tert-butyl acrylate), DDMAT terminated, azide
terminated

Poly(vinyl acetate), cyanomethyl
diphenylcarbamodithioate

Structure

H
o
CHs(CH3)10CH,S S o ol
S HaC ON CHg |
Structure
o
Ns/\/\O H
HaC CHg n
o
S._S.
ol oS o
HCCH, Ph” s
HsC
N=C HSH
HC
<
o
S._S.
HO WY CiaMes
HaC CHs S
o tB
o7 o B
o
S._S.
HO Y Ciokas
HiC ch, s
07 "oH
HaC
y S._S.
HO Y Ciatas
HoC CHs S
o O/\/OH
o
S._S.
HO Y Ciotas
HsC CHa s
o N/CH3
CHs
Hac\l/CHg
HsC O, -NH s
5 J
No 0 S” “SCH,(CHz)1oCHs
) n
o
s
Ny "0 Y Cizhes
HsC ch, s
0”0
H3C+CH3
CHs
N=C s
Hchon s O
o

Molecular Weight
average M, 3,000

average M, 5,000

Molecular Weight
average M, 15,000

average M, 5,000

average M, 10,000

average M, 5,000

average M, 11,000

average M, 7,000

average M, 10,000

average M, 7,000

average M, 10,000

average M, 15,000

average M, 7,000

average M, 5,000

PDI
< 1.1PDI

<15PDI

PDI
<1.3PDI

<1.1PDI

<1.1PDI

<1.1PDI

<1.1PDI

<12PDI

<1.1PDI

<12PDI

<1.1PDI

<13PDI

<12PDI

<12PDI

Prod. No.
773247-1G

792020-1G

Prod. No.
746916-1G

772577-1G

772569-1G

746924-1G

746932-1G

772550-1G

775843-1G

772542-1G

773638-1G

747068-1G
747068-5G

776424-1G

773328-1G
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BRLIE L=y I ADF T, —kit (1-D) EFBLESZvIXR(F. ®iE
8B (energy harvesting) DBV TRIZWICATILEEREDHT

WET ', —RITEES /#5513, BWENEETHENAIREELERD/IS
SR THD. BVIRIF—EENEEEHHITAIREEZR > TL
£ ES(T, 1-D F/BEEEVEREED K OFEME R DI,
BRESICERIECRERES RV /AT —)bEr Y JDmAIC
BAL, INELS VY LFHEBRINEL (disturbance) (CBIVEMZR
LTWET, 1-D EBT /HEEHDmEMHE. ESHROMEICKE
<KEKFELFT. D, EBEARENESVMEORRNEEL LD
ZEMS. ZnO. BaTiOs. NaNbO: oSNNS+ /DA 7— (NW:
nanowire) JXED—RITEBS /#EEFEHHEINTNET® ", U

U, INSIEAEMHRY FERBEREEHEENEL. ARERESNT
WEUIce ZnO 7/ DA P—2AWTCAE SN cRDEVESHEEHRE
(F59 13 pm/V EFRESNTH 0D, BaTiOs ./ DA v—DIFEIFH 50
PN TEO,

FEVEBEI)II VIR (PZT: lead zirconate titanate) &, EF&GREE
EFSEEOBDOEIL T+ SO JEEST (MPB - morphotropic phase
boundary) IEFEDMERICEWVTENcEEREGHREZRI o, B T—
BRUNT VAT 21— \DIANBERIN TV OESBMRTY, PZT
DEEBMIFR—EVIBRUANLICEOTEDICEDHDENTEDE
WESNTVET M, BICPZT /DA P—IF. 1-D BETENIZES
MR DR D DS, BIFIILRILZEDHTNE T,

PZT F/ DA v—72 R T D EGZHFIRINTH O KEEK .
template infiltration 5522, BXUXELES. ) ULAL—THEEA (PLD:
pulsed laser deposition)®, TL'o FOREZVI5E?® REDHO E
T, UN L. CNBHFEDL IFUIEME< . DR PEDBBEN SO F T,
—75. RIDWMECIFZEFEKEEZAWNS CE T @M= 1-DPZT 7
JOAY—7%, GIEARTREIHERL. BRI ERET A X BIETESNS
CEDRSNTVET,

AFRTIE. Zr TiDEILEEH 0.52: 048 BXT 0.2 0.8 DERKDROT
AHA S PZT [Pb(ZrTix)0s] -/ DAV —72 A Z LV CTRKBER L.
TS [TERFECETOHADHRICOVTHRSELEF T, Zr TioE
JULEIE. Po(ZrTi)Os DEEHFEICHIF2 MPB ABDEZ M7 43 2
728 8AT 0.52:048 BXU 0.2:0.8 ZERLF Ui, EIULAY0.52:048
DBE(IC MPBIEEEMD PZT 5511, 0.2:0.8 DEJULLTIE MPB
SBENTHERD Po(ZrTiiOs BMEFONE T, URUICEBINERMER
(PFM : piezo-response force microscopy) &=L I/ JA17—D
BERBZAELF U, T5(C, PZTFH/ DA v—2=ERUT. BRR
BOEHMIRE ZF A UICRERET) A ADIERBIUOHBRZITLFEL
oo MPB#ERLISELY PZT 7/ DA P—FEL EBRARMDIOEE
NBEERS, CVYVIBRORERE S TT— 3V (CBWVCREF
Dtz O SPREMZ R LE LTz,

RO LUEERNE

TERFEKEGEICK D PZT [Po(ZrkTii)03] NW &R DBIEZ. B 1A IC
BANITRLET GEHFSE 37281, F—RETE. YIL3
ZOLATORFIVR (0% 1- 7O —IUER) BROFIVAVT
ORF2 RZRIBRME S UTER L. HaZiTiOs NW Z KGR LE T,
FETRMEClE. PZTNW ZEW T HIcHIC. HaZnTixOs NW 2T > 7
U—h&EUTHV. BOKESHT T Ph(NO): BERICOEITERT,
CTRSTU NW [ PoTiOs 4 ZMHE GEROTAHA MEDZH.
CCTlIEFPXHEFUFT) ELTHERELTWLES, LA L. 600T
T 30 DBEEIEZITD C & TREICROTANA MEICE|EINE T,
FEEUBTFEMIEEE (SEM) ([CKD. BRI THEIC HaZnTi0s
/47— (B1BBKU 10). MEWURUTE Pb(ZrTiO0s 7/ DA
7— (R1DBKXU1E) ZE&I HE. PXAED PZT I/ T A 7—HX
OJRAA SMECERENTD NW D 1-D FBRICE(EDTEN T & hvg
DFET. Po(ZiTii)0s I/ DA —D XRD /N5 —272E 1F [CR UL
FI. XRD /WY —2OLOiTE— 7 (dBRMEICHAITRECROT A A b
PZT #EE UCRIESIL. CORNMSHEZAMERFET HaZnTiix02 D
SPZTF /DA V—DEENTET U CWVWS CED R CEEX T 1H
L, PZT 7/ DAV —DIR)VF =83 X #8570 (EDX !
Energy Dispersive X-ray spectrometry) /{5 —>/[CPb, Zr. B8&UTi
DE—IDEFEETDHENSDENDEHCENTEFTT (B 1GHBLU
1H) o Pb(Zros:Tioas)Os ./ T A 7—D EDX )\ —[CHBIFD Zr 82—2
[& Pb(Zro2Tios)Os NW DE—2 KD HE L. Pb(Zros:Tioss)Os ./ T A
T—IZBWT Zr R OEWVWEIHLTH D ENHERTEE T,
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BI1 (A) ZERFEKEVAICKD PZT [Pb(ZrTii)O0s] NW &R DR, (B-E) E7k
DHRERVD NW D SEM EHK (B: HaZr02TiosO2, C: HaZros: TioasO2, D: Pb(Zro2Tios)Os, E:
Pb(ZrosaTioas)Os) o (F) SEERBEMDAKEILIEE . BKU 600C TOEHIIEEL(CEDS
NIzE PZTNW D XRD /W5 —2/, (G, H) PZT [Pb(Zr«Ti1)03] NW D EDX ) V5 —
> (ZrTi B)LE G:0.2:08. H:0.52:0.48),

ERE

[EEBIGEEME (PFM) (&, EEBF/ DA VP —DESBRFIES KOIGHD
AJREMZHER T DIcHICIE<ERTINTLDIEMTY. L L. PFM
ALK > CIEEEEGBAEREZKDDICIE, S/N HAMEVNENDKE
SN DO FT 0, BIZIE. Wang SIFEINILIZERICHT & PZT
NW DNE TS5 A )—TBKOMABZALZRELE Uich. S/N EEhYE
Ve ICEBR‘AEREEERDCENTEFTATLRE . Xubld. £
IWhAVEIOY O AV TPV TERUMIRD PFM VT~ O TP )0y —
IEFERTHTET. BES /DA V—DBEBIEIBEEZEENITAE
TEDTEERELTVETE, LD L. IO TOI S LZERLT
BIEESHEMESIE. EBNEZBEEBITCESEVCH. BEEICXIT
BHEEZONFT, PZTNW [CBIFDEEBEHZEENICATES DI
(C. B2A [TERAWITR U RBREEZ O TRERE PRM &5z 17L& L
2% PFM Y TV, BERIME LTz Pb(ZnTi0s NW T4/ —)U
EBRZE PUTIREY U VD T)\—EICROY v A ML, BET
BARTEUTERUFE UL, NWDERE RIS T4 — (B2BBK
U020 (F FEEBTE—R, EFEIAFv> (05um/s) ICTRFBAE
aRA (AFM © atomic force microscope) ICKDBIELE Uz, BSR
HMIDEZRET &z, 1,500 NN DFITESBME AFM Fv TZ2F /D
AP—D v T T 7y ~MEICBE., BRE— RCUDER %R, U
JVOIT)\— L0 PYTi BICAIZIRIBO=FAK 1 Hz AC BEZEIIILE
Ufce BIEH. AFM [Z 7 —2ADEEZRIC LE T, /A XICHATEHTS—
ER/RICHIZ &1z, EBHRIC K DESHEMMNZE RIS KUAAERE
7z 100 BAE L. Bonfcy JHIbaNREFROEREIChDZEED
BINY RIR T4 —=T T4 IbFUVT U, FHUFE U, FEDIR
PbZroaTiosOs BKRU PbZrosaTioasOs NW D551z, FHEZEfIE (IFERF
7= 30 pm FKif) DINAR—SEBEKFHEZZTNZTNR 2D HXU 2G (S
mUET. ZAUL—THNYTSAFERZLTWVWDDIE. PZT /DA
T—D RXA U DBEMS RUEERFMEICKDDHDTY s PbZroaTiosOs
BKRU PbZrosaTiossOs NW D BFICEBEICH T SUBDE AT U X
IW—T (IFfERE 3 EFRE) ZTNTNE 2EBKU 2H ITRLFE T,

FEYVEII IVEIMR TSIV I/ DAV ZRVCRIEHEE

C T, IRRFEBERERED 90°h'5 —90°F CORMBEZ(L(F. fifH& ik
IW—TICEVWTRBEIEN—HIT HETT /DA T—DRBRAEHY]
DEDDICHTT. B2H NS, B 200 nm D PbZrosaTioasO3s NW D
MEBFUEIE 50 kV/mm THDEHESNET T PbZrosaTiossOs NW D
MBFRIE/ ULTHEL (2.5 kV/mm) KDBHREWVMEZRULEITH. &
g/ DA v—OfEE@EBENNE L, fEEAHEFRABICH > TG
LTLVELEH TS B 2F B 21 (TRIEAfL/ 1T R—SBE
IL—=TD5. PZT PbZroaTiosOs (40+5 pm/V) & PbZrosaTioasOs (80+
S5pm/V) NW DEBEH (d:s) H. ZNZzTnEsnELice I T
PbZros2TioasOs D ds3 B PbZro2TiosOs KO HREVWRITFENMETT,
PbZros:TioasOs [ICHBIT DB BEE D ELDIE. ZrDREFEVCE
T, BFEBEENRREEARBEOTEIL D+ O Y ZHBEFHERISEWL
e THDTENEXBNF T PhZros:TinasOs NW D ds3 18(80 pm/V)
& RBEHEET/)\A ACBVCLLFERASNCWSTO MY AT PZT
NW (50 pm/V) ¥ ZnO F/ D4 — (13 pm/V) KDHRELVMEZ
Y CERBESNIIE>TNETHS,
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2 (A) PFMEZERVcEREBORENK., (B,C) PZT /DA V—D RIS
T4 — (B:PbZroaTiosOs. C: PbZros:Tioss03)o (D,E,G,H) 2758 3 DDIRMED)
A R—2 IR ZEA UICROZEAE (D: PhZr0:TiosOs. G: PbZros TiossOs)
EAMEZAE (B PbZrozTiosOs. H: PbZros:TioasO3)o (Fl) £754 3 DOIRIED I
M—2 R Z BRI RDEAE (FI PbZro2TiogOs. I PbZro,szTio,4so3)a

REHRE

PZTNW EIRUIXF)L2O+FY> (PDMS) &Z=ztdHanticr /&
BHOIERICE DT #T#R PZT NW ORIBFREBIHENIOBSDITED
TWET, PDMS (&, REHEBHABR CELDOEHND DT/ DA P—7= R
#EIBDIEITTIHEL. HUEDEWVCHITHBMBICIIET & EIE<SITRIN
1772 100% REFCEDRENIDD D RELFEFRICMHMA DI ENS. ¥
w2 ELTRENE LIZ P, PZTNW 8T PDMS DiREY % .
AuTO—bhUETiE (ME =35 umAu J—7 1 >2 =20nm) [CT—
THv AU, 150CT 12 BB LE Ufce TiEIET /A ADTERE
e U THRELE T, RIS, PZT NW ORIBFECHI A MBS REANE D
SEBHOEE(CA DL DI BEUCREYZ IO R—U> T (150C
T2HE. 15kV) 9 ETHRULEUC, TDHE. F-DFEME L
TE<. 200 nm EDOIREZ S /EGHRREND ST E Ui,
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BABKLU 3B F. REHEFRTFOERAK. BKU PbZros2TioasOs NW
& PDMS D 50 : 50 wt.% 7/ EEHEOMEMZ R U TR T, REFHE
BRTFCIE. REICKDSIERIINDAMUVARICBEWC, PZT I/
DAV—1H 2 DOBBE CEUEZEM L. TRILF—FRERELT
HaELE I, B3BIE. PDMS Y U WO RARCF /DA P—HEL S
HUTWS T EZRULTWET, CDF /EEHRDEE. NW DRAXE
S/~ ME50% [CRESNTVEIH. CNIFXDEEREICED
ENW ODEMENME<ILD A BRMENDDIcH T, TINA X TlE. T/
BAREIHIRERYICBVWCESBICIREIT D HY T U/I—&E LTCEIESR
T NYFUIN—DEMIFT /EEFEDIEARZ TR+ THSAEMRIC
OMITTITVET (B3A), SEZTo/lce2 TCOTI\A ADBEHEE
W T DI T/ EEERDT EZSEZ 2cm(Dx 1 cm (W) x 0.018
cm (T ELF LI

A)
Vibration direction

Glasi t

Silver leaf

Nanocomposite

100 jam
3 (A) Schematics of PZT/PDMS 7/ &Gz AV RIBRBER TR
(B) PbZros:Tio4sOs NW & PDMS /&1 (50:50 wt.%) DHIEK

PZT NW/PDMS o/ EEEDIGARIREMZ /NS fctH. ¥ =27 JUICK
DENISHITER S ERZETV. T/ BAERDHEUDBEDBKIUE
AR UE UIce COFEEICLDRERE. T /EadziBUCR
BRBET)\A AMERICBIFH—RRAIU—Z2TE UTIALERINT
WOFECT, BREE (Voo DAIERFSA VE—F VA (1TQ) R
IWT—I7#0ODTHIL. BEER (k) DOREFSREAET CITLE
L7ce 50 50 wt.% PbZros:TiossOs NW / PDMS 7~ /EE&#ZzBWV T
INAZAD Vo T 7R AA ITRUET . BENEHIT BT, A7
INARF6~7VDEEZREUF UTc. THUF NaNbOs NW I /EH
7% (32V) D2EBMLE. FZnONW F/EEE (203V) D3IFET
G323, COREE Voe E—TMBIF. PbZros:TinasOs NW DB LVEBFHE
[CLDBDEEZSNEFT, LU, PZT ./ PDMS DMEEIFO FHRE
[ChRELEKEFT DI, BIC Vo E—D 2B UICIEIFTTIE 2T
WRICER I OMNENDDFT ., TDIcsh. EEDMREZRIET DI
([Cl&. HHEHBIRZINA DHENSDDFT . BACIE Vo T TZIKRL
EBDTT, MIFOFHITHOT Vo [FBDE—TZRL. TV CHIT
SNcT /BEFRDBEBICRDREEIEDE—I D4 U, KEFOTFTH
REEHEDEFT, BREEET/\AAD Ik BT 5 T77ZE 4B I[TRULET,
BRNEHRITEES XUBRICKD. 100 ~ 120 nA DERDFEE Uit
[TTVWET. B4CE 4D ICESND Vo BRU e DIRENG D> F L)N—
DREHDIRICGERH L. DT ENHDHEATTFIVE PZT / PDMS F
/BERICK O TCERRICHELUCBDTHDENHERTEFRT .
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B4 PbZros:TiossOs NW ./ PDMS (50 : 50 wt.%) 7 /E&&#HZRWLCT A
ASDEBE T )V HYFLUIIN—DNZ a7 )UICELDEERISHITEE & 7
BUICK o TER U (A) #igE T (B) B2t&&Ef (C) (BB E (D) 8. C &
D& ABKU B DIEAK,

—MREIC, BEIREI T RILF—IF 1 Hz ~ 1 kHz D$IF CRELE T,
ZDfcd, P/T/PDMS F/EERRERET) A ADBRERE T R)LF—
[CXTBMREZRIE L. FEREULERIE (FRF : frequency response
function) Z R eBIBuS MM TV E Ui, 7/ BEH% AV F L)—
[CBWNT. FRF (FHIRERE 43 Hz ZRUE Ulce

HEMIEERETD PZT ./ DA P—r AU cBitiE )/ BEERE
HETI\AADRT V2 v )V7ZRIS 2. FRLEEEHRTICH T D3
(AQ) BHRKLUENBEZSELULF U, ACEN (P) &, HIREK
HICHBFDHNIEER (R. 1MQ ~500MQ) [Zhzb RMS (root
mean square) EE (W) ZAEL. 1 ZALVTRDFE LIS,

V(RMS) }2 _ Virms) 1)
Zs+Ry, L Ry

P = I rus)Re = {

S5ABKXU 5B (F. 50 50 wt % PbZros:TioasOs NW .~ PDMS ERiE
HEBT)I\AAD ACENBLUOBNREZRLTCVET, 30MQ ZT
B1d AL Tld. BANPZHICERU RL=40 MQ DBF(C 88 nW DE—
IIELFTMY, R >40MQ TE. VL IF Voo [CED D TEIF LA
HdIcH. BAIFEA UEITERT. B5CHKU 5D (F. PZTNW
PDMS 7 /EEHICHIT S Ve BRUOBNHBEDREREFHZRUET T
PbZros2TioasO3 BKRU PboZroaTiosOs -/ EEHRDESHH. BEN LR
FBICONT Ve BLRUBHREED ENDF T, PbZrosTiossOs BRU
PbZro2TiesOs 2LV 50 : 50 wt % PZT NW ~ PDMS 7/ (A XMD&xK
BAOZEIFZTNZN 24 BLV0.75 uW/ecm?® EHERISNES (B 5D).
PbZros2TioasOs 2 \—R & Ufc -/ EAHRDEIEED. PbZro2TiesOs
EENTEL (#0318 DlE. MPBIEFEHEMD PbZos:TiosOs hRI &
WEBFHEICLDBDEEZSNE T,
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® 5 PZT/PDMS F /EARKRERKET A ADEIFHE. PbZros2TioasOs/
PDMS 7~ /& H7Z LD, *é\t*%g?ﬁ?ﬂ%ﬁ (R) TDACESN(A) &
BE#E (B)s RL=40MQ DT 88 nW DE—IEBAISEL. 2.4 uW/cm® D
RAEZRUETS. PZTF /DA VOZEEMER HICONTE—IBHDIEN
L. BHRIC. Vop, fep (C) BRUE—2UEHEE (D) DIEMUET,

%c‘:&)

BRIEICBIISEIL T+ bOEY ZHBEFR (MPB) DEZEMHRS

i UTZe PbZrosTioasOs NW .~ PDMS 7/ BERIRIEFRE T/ (A 7\?(3
tbfﬂ'ﬁlﬁﬂ/ﬁgﬁtmb\ EHEE (24 UW/cm?) ZBD T ENTEF U,

BHBE. N—XDIREZFALUIchYF UN\—EREFET /N
/I/XICEET( U3 BEREBLOTEY YV IICBITD PZT NW IHHED
AJREMENRENE Ufce TOIC, ZEREKEVEZRWVD CEICEAD. R4
IEHERD PZT NW ZEINETAER T D ENTED . TDEEMUN
KODEFO>TVEFET,
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Name

Barium strontium titanium oxide

Barium titanate(lV)

Barium zirconate
Lanthanum calcium borate
Lead(ll) titanate

Lead(ll) zirconate
Potassium niobate

Zinc niobate

T/)04% - FJRTF

F/RFORFEEI AN aldrich.com/nano-jp ZZE<LEE L),

Nanowires

Name
Aluminum oxide

Gold nanowires

Nickel(ll) oxide

Silver nanowires

Titanium(lV) oxide

Tungsten(VI) oxide

Zinc oxide

Gold Nanorods

Name
Gold nanorods

Purity (%) Particle Size
>99 <100 nm (APS)
99.995 -
99.5 <2um
99.9 50 nm (SEM)
<10 um
99.9 -200 mesh
=99 <5um
99 —325 mesh
97 -
Dimensions (nm) Description
2-6 x 200-400 nanowires
30 x 4,500 > 50 pg/mL
dispersion (H,0)
30 X 6,000 > 50 pg/mL
dispersion (H,0)
~20nm X ~10 um nanowires

115 nm x 20-50 ym 0.5% (isopropy! alcohol suspension)

liquid (suspension)

60 nm X 10 um 0.5% (isopropy! alcohol suspension)

liquid (suspension)
120-150 nm X 20-50 pm 0.5% (isopropyl alcohol suspension)

liquid (suspension)

~100 nm X ~10 um nanowires
~10nm x ~10 um nanowires
~50 nm X ~10 um nanowires
90 nm x 1 ym nanowires
50 % 300 nanowires
300 nm X 4-5 um nanowires

Dimension Absorption Concentration
diam. x L 25 mm x 34 nm 550 nm >45 ug/mL
(x+10)

diam. x L 25 x 47 nm 600 nm > 45 pg/mlL
(x+10)

diam. x L 25 x 60 nm 650 nm > 45 pg/mlL
(x+10)

diam.x L 10 x 38 £10% nm 780 nm > 30 ug/mL
diam. x L 10 x 41 nm +10% 808 nm > 30 ug/mL
diam. x L 10 x 41 nm +10% 808 nm >1800.0 ug/mL
diam. x L 9.5-11.5 x 40-50 nm 808 nm > 30 ug/mL

Form

nanopowder

powder

powder

nanopowder (cubic)
powder
powder
powder
powder
powder

powder

Form

colloidal suspension
dispersion in H,0
colloidal suspension
dispersion in H,0
colloidal suspension
dispersion in H,O
colloidal suspension
dispersion in H,0
colloidal suspension
dispersion in H,0
colloidal suspension
dispersion in H,0
dispersion in H,0

Prod. No.

633828-25G
633828-100G

256552-10G

338842-100G
338842-500G

745952-100G
383309-250G
772666-25G
215805-250G
398888-50G
541206-25G
548588-50G

Prod. No.
551643-10G

551643-50G
716944-10ML

716952-10ML

774545-500MG
739448-25ML

739421-25ML

778095-25ML

774510-500MG
774529-500MG
774537-500MG
773999-500MG
773980-500MG
774006-500MG

Prod. No.
771643-25ML

771651-25ML

771686-25ML

716812-25ML

716820-25ML

716898-1TML

747998-5ML
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Gold Nanorods (cont'd)

Name
Gold nanorods

Dimension
diam. x L 10 x 45 nm £10%

diam.x L 9-11 x41-48 nm

diam. x L 10 x 50
(x+10)

diam. x L 10 x 59 nm
(x+10)

diam. x L 10 x 67 nm
(x +10)

diam. x L 25 x 75 nm

Nanopowders and Dispersions

Name

Aluminum oxide

Titanium carbide

Titanium(lV) oxide

Titanium(lV) oxide, anatase

Titanium(lV) oxide, brookite

Titanium(lV) oxide, mixture of rutile and
anatase

Titanium(IV) oxide, rutile

Titanium silicon oxide

Zinc

Zinc oxide

Zinc oxide, dispersion

Size

particle size 30 - 60 nm (TEM)

particle size <50 nm (DLS)

particle size <50 nm (TEM)

primary particle size 13 nm (TEM)
particle size <200 nm (TEM)

particle size <100 nm (BET)

primary particle size 21 nm (TEM)

particle size <25 nm

<100 nm

particle size <50 nm (XRD)
particle size <100 nm (BET)

Absorption
850 nm

850 nm
900 nm

980 nm

980 nm

particle size ~21 nm (primary particle size of starting

nanopowder)
particle size <250 nm (DLS)

particle size <150 nm (volume distribution, DLS)
particle size ~21 nm (primary particle size of starting

nanopowder)

particle size <100 nm, diam. x L ~10 x ~40 nm

particle size <50 nm (BET)

particle size <50 nm

particle size <100 nm

particle size <50 nm (BET)

avg. part. size <35 nm (APS)
particle size <100 nm (DLS)
avg. part. size <35 nm (APS)
particle size <110 nm (DLS)

FEYVEII IVEIMR TSIV I/ DAV ZRVCRIEHEE

Concentration
> 30 pug/mL

> 30 pg/mL
> 30 ug/mL

> 30 ug/mL

> 30 ug/mL

100 pug/mL

Description

gamma phase

99.8% trace metals basis

=97%
>99.5% trace metals basis

99.7% trace metals basis

99.99% trace metals basis

99.5% trace metals basis

99.9% trace metals basis

99.5% trace metals basis

99.5% trace metals basis

99.8% trace metals basis

>99% trace metals basis

~80% Zn basis

>97%

Form

colloidal suspension
dispersion in H,0
dispersion in H,0
colloidal suspension
dispersion in H,0
colloidal suspension
dispersion in H,0
colloidal suspension
dispersion in H,0

colloidal suspension
dispersion in H,0

Form

liquid (suspension)
nanoparticles
nanoparticles

nanopowder

nanopowder

nanopowder

nanopowder
nanopowder

nanopowder

nanopowder

nanopowder

nanoparticles
paste

dispersion
nanoparticles

nanopowder

nanopowder

nanopowder

nanopowder

nanopowder

nanoparticles

nanoparticles

Prod. No.
716839-25ML

748005-5ML
776653-25ML

776661-25ML

776688-25ML

716936-10ML

Prod. No.
642991-100ML

702129-100G
702129-500G

544833-10G
544833-50G

718475-100G

636967-25G
636967-250G

677469-5G
718467-100G

637254-50G
637254-100G
637254-500G

791326-5G

634662-25G
634662-100G

700355-25G

700347-25G
700347-100G

637262-25G
637262-100G

641731-10G
641731-50G

578002-5G

544906-10G
544906-50G

677450-5G
721077-100G

721093-100G
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[FUIC

WTFERIH SN DEHEET /MHICKD. DADEER. 22i. B
[C@FTF LWV TJO—FDABEICIE > TWET, EHhTHh. #%. TN
U, VAV ZuTIVDBEWET T oA b RTFIEEDERZ
TSREREMIIE S /KT E. EYEZARICEBICER CHDTENH
SMNIIESTVET S, T, SHEERMETRMA (MF © multifunctional
ferrofluid) &, FEREYEAEBRANDOFHEZBIE U CEFMICHIRINTL
F9°5,

BRI FRIME T/ W FE D BIS BIER C K AMBDRE RNC R
Fgal CUTHSEVET . T, EYBRRSIUFEYBRRDES
SOEEDREBREE CHENTHTENTTDID, BREESKU
AARA=I VI EWeR/ESEHENEZ T, BIBRDIUEMO
BEMZHEITHIENTRICEDFT, THIC. MF [SIFSTRESD
EIMIC &R > THET D EVDIRFLEENH D F S BAMIRITER

(>42T) ([CHTBDMMUAMELED. MF BT 2 BPNEEvE Hi MBI
([CHTDEAEICHATEDEERASNTVET (U\A)(—F—=F
FIFRREER) % WS/ \A )T —ZF(E. MF D ODBEERH
DIBECHERATEDDT, BBRBIFE COMRNSERIOBEHE
BECY,

BIFIERG KD MF AR DEADI = —J/FMEISaET & L TR
EIFMRETEDEIREMEN DO FE T,

o RIF &7 &/ BRICHIZA KMEDIO4 RERELLET,

 BKESROBAEEYA TS v b T 75— L& L TOEVERERE
BLFT,

 BHOEY ZB—RICHTEIULTEFT,

s pH. RE. SORHS. BERIEEDABRIMZERL T, FHEMIIC
DITSEY ML ZERHS - flfTEEFT.

 BNCERBEAGUD I OEDRMZRUE T,

o MHEPIEZR (RES : reticulo-endothelial system) (K DARIN SELE
[CHIEENE T,

* fEER T DBEBERY DR ZEE U CRIERZINAE T,
« BROEBSBAICHIT DLAIM Mz &/ RICHIZE I,
s BHSHIBEBE (MR) PEOZETEEDHAZREICLET,

HCEBE, Y RUS—="0 BBEY )\ ROV, E9n@iEmy
N— JIVE BrUOVUATEETREZEMUIC, BILER MF
ATV RURT LERFELE Ulc. CNOBIEREIFEREERE
[CROTEEBEESN. SBERNEME® pH DB ZB I DR DICEDE
g Fe. BIEER MF (BB RORETIFBICRELTED, K
HESBRUBRKMEREYORESR. FS5UIC. DARIKSB IO D AZ
TS TTIVICH T DS/ \A ) —T—=FaHBRICH L TVEFR T, &
TR ClE BRLIED AR ST DU T DI AT LADEERIRICDOWNT
B LET,

RSN E LIS/ )\ ROZ)L (MNHG :magnetic nanohydrogel)

- BRI/ XD

o TV RUN—EMMIE T/ HIF

OREREMDIU pH REHEZB T DIEEWE A R—3 XS
/&AW (LMMNA ! lipid layer coated mesoporous magnetite
nanoassembly)

OIS BR\AIN\—T—=F & (E2FA IHREN MR HXUEB
UL A T VIV T ERHBUCHABAICHBITOINS Y AT
LDOMAEHEZTWVE Uice —88D/\A TUw RV T AICDWTIE,
in vivo FEDABEMDIRET LEFE Ui,

AR )\ RO )
J\A ROTIVIFEKEOREBESHT. 04 MRS ILORETEEL
F. /\A ROSILOYIEN. b0, EYRMHEIFRENTIAL 6.
CNFCEHOEYEZARCHBIMMTONTCEFT LIz, TULT. J\A
ROZILADHHETRAEDD T RIUEICE ST, EYEZHIFIEDE EH
BoNBTEPESNIESTVETS S FIZE. Lin SOMETIF. 5
MR (IF L2 U30—)b) (PEG : polyethylene glycol) 3&/\A
ROT )Lz BWAEZER 7 > F 2 A RNA 41U X0 LA F RdDix
ED. BAEEE UTBE CHD T ENRSNTVET Y, Zhang Sl
X Wistar 5w ROBEMHOABEICBWVNT. F I VBLU B-JUL
OU Bz ER UIeRE) \« ROSL7Z2RWNT BCG D F U REmIC
BES DT EICHILTWVE T, Baeza 51, SBEMEMMRY (IF
LYA=2)-b-1RU (N- AV TOEIF O UILT = R ) HEGHEE XY
R=2RAYUNBKLOBT /RFEZBbahEIc TSy b7 —
LZEFERUT, BYREZEHS CHEL. D AMBIOSHIMMEDRELEC
FIALELE,

BeDII—TIE. WU N-Av 70T 2ULTZR)-Fr-T2T
HTIUEUTE FesOs B/ #8i& (MNS @ magnetic nanostructure)
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AW, Wi/ )\« ROSJL (MNHG @ magnetic nanohydrogel)
ZRREL. DAREASIHEEEN MRl EOHAICARTILE Uz, B
ESMVEMRIO T OV bS5 A S (BEHEM) @87 R 1 [ORULET. &
DT, Y TR NMEAIE, RINESNAEERIDT )N —3= (I
MUTWET, EFBEINERI(FE. PEG &8 FesOs THTTILELTZ/\A
ROZIL-MNS (HGMNS) ¥ 27 ADEIEE (1) (173 mM™'s™
T. POSS &8 Fes0s THTEIVELTZ/\A ROFIL -MNS 2 2T LD
129 MM s KDOBHREVNEWDTETY, RFEVILEY Y (DOX
doxorubicin) Z#&E& Lic PEG &80 HGMNS DR Cl&. RF (radio-
frequency) $5(C 1 RREEE L. i\ C 37C T 24 B+ >+ a1—2/3
VIHE. BEYRHENK 2 BEBINT S EMBESNICEOTVED,
CDBA. AEERHEOEXE. BEOHIIREDEE LRICNA. &
B RF [CRD)\A RO )L TOWEH - BRMIREN C LD DD E
EZONFT, THlC. FEEHAMEISLE (Hela) (CHIFD PEG &8
HGMNS D RF & RS w I 7 U)NU—(CRIT IR TlEF. 80% ZiBA
SOFFENHERSNTVE T, TNODBRIFE. Bt/ \ ROT LXK
TAIC. MRI OV SR MDEE. HT7EIUMEMNS. BKU RF FE(C
KROBEEDBITUNU—=EWERFEDSD O, invivo TD [£5
J AT 42 A (theranostics. s2#i&iABED—A(L) ] (CFIATEDHEE
YN d EZRULTVET,

&

@ Magneticnanostructure (MNS) (i RF activation of MNS

Release of therapeutics due
to RF activation of MNS

® Anticancer therapeutics

B) # HGMNS-PEG-12
351 @ HGMNS-POSS-9

& HGMNS-POSS-12 1]
304 @ HGMNS-PEG-9

L
~ 20 L ]

I~
15 :
10 L] . s ’

' 12 nm HGMNS-PEG
54 . - .
wt & @ @

0

000 004 008 012 016 020 024
Iron conc". (mM)

0.016 0032 0064 0.128 0256

[Fel/mM

E1 A) AT/ )\A ROTILOBENEEDBRORIR. 5IARBHICK

TBEEOMEDEC D E T B) (a) #MET//J\A ROY LD MR OV bS5 b
Bt /T EOVTILD Fe BEEDI S TDIRFLALIERDRED r 2R LT
WET, (b) BUARN SRR UIC 5 DDEIESD Fe REDT 2 TILD T, EHE
&,

HlFEe SBREREMERY N-4AV7OE)L7 U= R)-F S
VERWET /I\A ROTIL (MNHG) 7. (RHEREDEEET LTI
TeALZE AR DB T U ) \U —(CER U, invivo sHliZTLE Lic?,
CDFHMDIzED. B MNHG DEEEE D K UEER DB DN Z 2
A AR D ATV, EEIEIEINAIRIRZE RGO N CHRNE Uiz, &
foo B, BFEE. BB BiE. SXOMSEERDOHRICEELRBICE
& U7Te MNHG [CDWT ex vivo DEEIKTEI S — ZAFE Ulc, 1B
FERZ~ ™ AIC MNHG (650 ug g~ ' body wt) ZEBEAERS L. ERH
265 kHz. 325 Oe @ RF BRICHIFTINA I\——=FPEEELE LT,
2BEBIChIcD. BEY A X 72 BRESICAELE Uz, TOREIC
KD, WYX TIFEEAMIHIZZIS FIIEHBERNICHE (T4 X:
4510+ 735mm?) ULIEDITH U, EREEE BB ADHBICELDE
BORED 3 DD 1 (TAX 1,545 +720mm?) [THEIS e &
DBESHNIEDE Ulz. MEDIERN S, MNHG (SEEMERHEREED
TS5y NI —AEUTHRETEDASEAEEMD G D EDRENE
Uice

TS/ RT 4 DRAIAICE) T T R

7/ \ NIEN
BoslEEREST /YT
{EZ2EEADLIOBCHE N (Fa —RBEICKDEIEEDHIME) /\A
I —=PIEHTDIHIC. IO USFE)LE LaosSroasMnOs &
FesOs B/ MIFDTF A ST UHEBE_BUERERE #2389 Dkt
>R )UhREFRINE LIc™,

37CT 1 KA/ U STV ZERNICRE Sk, 44CTEBIC
B/ N\A N —=TZERUIcE D EBEARSDBAICTERIN
BDDEFKKIC) HBAMBICHT BB BMNRONEF L. B2ITRT
FOIC. RHSSED N CTREF 44T (CHIEEN, MCF-7 fif2ICHIT S
RO UGFE)VEINA )T —= 7 OREFSHREEDERSNE L
feo COERIE. IROUSFEIVZEHT UL UTE LaossSrosMnOs &
KU FesOs -/ RIFOBERBR CHIMET /N TV Bl
EENA )= == 7 SAEPEEDHARAICHATE SRz o

TWBHTEZERLTWVET,

- sareen
I e

E)

Cell Viability (%)

Treatment

Temperature (*C)

B2 A) LaosSrosMnOs BKU FesOs F/HiF (10:1) OIHMERERZSO
B UIRY — LD TEM BlR, AR (B. C. D) (%D RY — ADEHT/ (5 —
VISV OURY —LD TEM BREOHT/Y =272 RUTWVE S, E) J\A/(—
T—=7(CLD MCF-7 fftkDffifRE . F) )\ /-0 —=7EBROIOR
BIZDHFDBEADBE IO T 74 )L Fa2U—EE (T) LIETEREZLR S
8. T ZBADEFHEADMMIFIENE T,

—W\ w \ L

T NUN—(BEE T/ KF

T RUY—(E, ADOITHSRANEDIEHEEE D, WHEDS
VBDERUN—D—ETT., T RU—ORSERIED T A X4
BTEDTEDS, EYESZAR. BIOEERDOTU/)\U—BFEE U
THFHENTVET, B, TV RUN—DI1Z— I LSRR
M RFONBECHPIEDEDTET. BEFAEDIUEYE
FHEBIT TS Y b T+ —ALE UTONBENREIFSNTNET?, fIZ
(. Rouhollah BIF. Bt/ RIFEEEDHLDRI T RFZ>
(PAMAM) 7> RU—EHBHEDE T pHINEHER DTS W b T4+ —
L%EEIF L. \IEILO A (MCF-7) $IEAD REVILES VDkE
[CEBALE LS, Yalcin Sld. PAMAM BRI T/ KiFZRL. 71
BABIT LIV BRUOLT /A VBERBDAD S OEMIBICXE
L. BAMIBEORRZEICEIILE UTc?s Boni Bld. MR PAMAM &
FoKERBR Lk /T EZBHEahETERL. MRI FRICHITDEEM
EEFELTVETSE, BCERE. T RUN—mEamikT /HF
%#B3FE L. PAMAM-FesO+-DOX S {E DB R A iR57 Lk U
%, BIEHMR (G3. G5. G6) D PEG-PAMAM T. )5 =Bk
A FesOs T /RIFOREXEH UE Uiz (B3). BE. C57BL/6YD
AT, NS DOX BT Y RUN—EET /R FOEFRRD DIV
EREEMICRT DR ET O TLE D,
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60 °C/1 1000 rpm

NH,OH 5]

e '."

*’E.rGlutamlc Acid ,J. :
, —— 1

o

f' 1= 1 90°C/1,000 rpm '},__‘ 5 Shaking/
LSl L Overnight s
I""-\.rf- T{'.-“'.
o D
o
X
* - Stimulus - pH
= —
¥

;f:'-'f.\« Glu-Fe;0,

;ﬁb Fe,0,-DG,
wd

3 PAMAM-Fes0s-DOX BEHEDERIED KU pH INE HERIEADITAIC
DWTOBEER"

'ﬁﬁ DG,; x=generation 3,5 &6

# DOX

===} ] —
FEERBXVR—2 AWML /E51%
EEZERETONYTIVIE, EMEZARICHBVCREFELEED
TWET, BBENYZILDMER. U1 X, {LZEEFREN AT EE
B E N TCIETDREIIZR D END. IBEFESERNT Y —
DE—REFHEE>TVET, Nappini SDIAFRFERICKD . FEEHEW
T RFDSERID FZBIE T DIcHDNEBREHIC. AKERE S
EFRTEDTEDRASHIIE D TNET?, Park Sld. IHAMEEN
DRFVIVE D VERESKUES MRIDIcthD TSy b T4 —ALEL
T, E7)LOVEERURY — LR MREGERIDY I RER b
AhEFLLY, BB ELTHEECHITDMED RY —LDFRHBEE
[CFRETNTVEFT. &L, Jiang Bld. REEHXSVINTE (GFP !
green fluorecent protein) 73— K92 gWiz-GFP 75 2= K DNA
7T U =3 BlcsbDBE LT/ MFDAT IS, JVATO—
JLBEXKU 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC) H'5
BHURY—LZERALELRE . BeDIIL—TE IBESHETHT
CIMEUTEAVIR—S AR IR A b - F /&6 (LMMNA  layer
encapsulating mesoporous magnetite nanoassembly) D572,
pH INEMD I RERNENZE T OIREMRED AT LZRFELE
Lfc (B4). LMMNA (&, 2 BEDIAAE]. SR BEEKE RFY)L
E2igIE (DOX) SRR/ (O USEEIL (TXL | paclitaxel) ZE
BSICIERL. XEIDTENTETT Y Feo TDINATUw RV
T WEESREIBOEMICE DN TS Y b T4 —LhEUTHHEET ST
EITHA. IFBICEVBREZRBE T, MEYZERICTU/INU—
FHTET.FEENA (Hela) A A (MCF 7). BRUBFAYA (HepG2)
([CHWT in vitro COMBIEMNRNE LT EZRBHNITRULEL
oo 3TMMEZ 10 HREIT & SREVEACAEZRADHAICKD,
FIEIROARE< @ ELET,

DPP( Chol:
. (DOX) DSPE-PEG, .\

MMNA * DOX-MMNA - (522
%,
b J//,
\'--\l F
.*;' :@a A(ME)
/ invitro *
If

Dual drug release from LMMNA

A) e . ""*&
¥ ] PaclltaxeT(TXL) Ii

DOX:TXL-LMMNA

A(MF!lpH

'\1'.-|

nanoparticles

invitro thermo-chemotherapy
with DOX:TXL-LMMNA

PEGlyated lipid |
B) Magnetic yatee A iayer Drugs targeting

nanoparticles Day 0 Day7

- ‘ e

Invivo biodistribution

Targeting dual drug by imaging in nude mice

DOX:TXL-LMMNA

4 A) RFVILEY YBRONOUSF I ZZVT 1 7 IVEXES AT A
ELTD pH BB KOVREINEYE LMMNA O#EE, Y. BEfmia

DTGB DEINNC K> TRRIDF T, B) EHHA A=V I EAVCERADT
BEBEIEREED in vivo %L,

BE. FMEERX— N OXRICHITOEEAD O IR EZEE
D in vivo ZEDIeDDT 1 7 )VEMERED AT LhE LT, EHINAF A
X =27 AW TZ LMMNA DFFEDMTHONCVE T, CINSIFRIL
F/RFOEERDTIE. I — NN D ADERASER s (CHL
T HRENAXA=IVITBLU Fe BEAEICK > THEISNTLIR
T EFRDTOMFRN S, EERBEMM T /F(d. BEPOEID
B, Kz fi. HE. BlE. SRUBICEH<BRITHIENBESNTED
TWET, Koo LMMNA-DOX @ TXL hiEigs [CED A F N & B = H] A
U BORUVEHXAA—I VI DHESFTEYPFEAAA—I 2V TICK
DIEERBOREDITONE Ulc. IR, YOAETILDEEAREICH
VT, RS HER0T 27 \NERERZ A UICEOEDI 5T hYTHO 1
[QAE

FEHBLURRDEE

SHBEMERAEE. EMEFZRE CROBAICHRSNTL DR
/B 1 DTY, ABWHE TINST /RFOBRIENAIBELC Eh O,
BADIERESEA. 2211, A AXA—I 2V JICBIFDENZTNDED L D8
{EENFET . SHBERMETRAE. KDBNCDABBEDSKURREEZ
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N

dispersion in H,O

Dimension

diameter 5 nm
particle size 4 - 6 nm (TEM)

Prod. No.
747343-10ML

Fe 1 mg/mL dispersion in H,O diameter 10 nm 747300-10ML
particle size 9- 11 nm (TEM)
Fe 1 mg/mL dispersion in H,0 diameter 30 nm 747327-10ML
particle size 28 - 32 nm (TEM)
biotin Fe 1 mg/mL dispersion in H,0 diameter 5 nm 747416-1ML
particle size 4 - 6 nm (TEM)
Fe 1 mg/mL dispersion in H,0 diameter 10 nm 747424-1ML
particle size 9- 11 nm (TEM)
Fe 1 mg/mL dispersion in H,0 diameter 30 nm 747432-1ML
particle size 28 - 32 nm (TEM)
carboxylic acid Fe 5 mg/mL dispersion in H,O diameter 5 nm 797146-2ML
particle size 4 - 6 nm (TEM)
Fe 5 mg/mL dispersion in H,O diameter 10 nm 747254-2ML
particle size 9- 11 nm (TEM)
Fe 5 mg/mL dispersion in H,O diameter 30 nm 747335-2ML
particle size 28 - 32 nm (TEM)
PEG Fe 1 mg/mL dispersion in H,0 diameter 5 nm 790508-10ML

particle size 4 - 6 nm (TEM)

Fe 1 mg/mL dispersion in H,0 diameter 10 nm 747319-10ML
particle size 9- 11 nm (TEM)
Fe 1 mg/mL dispersion in H,0 diameter 30 nm 747408-10ML
particle size 28 - 32 nm (TEM)
N-succinimidyl ester - powder diameter 5 nm 747440-1G
particle size 4 - 6 nm (TEM)
- powder diameter 10 nm 747459-1G
particle size 9- 11 nm (TEM)
- powder diameter 30 nm 747467-1G
particle size 28 - 32 nm (TEM)
Mesoporous Silica
2015 FDXYR—S RV UAZRFLTHDFT . 5% U< aldrich.com/nano-jp ZT&LEE 0,
Name Pore Size (nm) Dimension Prod. No.
Propylcarboxylic acid functionalized silica 4 particle size 200 nm 749664-1G
749664-5G
4 particle size 200 nm 749710-1G
Propylthiol functionalized silica 4 particle size 200 nm 749362-1G
749362-5G
Silica 4 particle size 200 nm 748161-1G
748161-5G
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