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Abstract: Organic/inorganic hybrid materials have a lot of interest in various areas due to their fascinating
properties. To control the location and dispersion of inorganic nanoparticles within polymer matrix, thiol—
terminated polymeric ligands have been widely used to tune the surface property of nanoparticles. However,
the specific binding between the thiol functional group and metal is unstable with increasing temperature.
To archive the thermally—stable Au nanoparticles, we previously synthesized various UV —crosslinkable
polymeric ligands, which have different compositions of polar, UV —crosslinkable azide unit comparing to
non—polar Z~E]¥ units. After crosslinking the Au nanoparticles, it was found that the nanoparticles had
superb stability at high temperature (above 180 C). In this work, we used thermally —stable Au nano—
particles to control the location within the polymer matrix. By changing the amount of polar azide units in
the polymeric ligands, we could precisely control the location of nanoparticles from one domain to the
interface of block copolymer templates.

Keywords: Au nanoparticles, UV—crosslinking, thermal stability, block copolymer templates.
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Scheme 1. Schematic illustration for the synthesis of (a) PS—r—PS—Cl; (b) photo—crosslinkable PS—A5—(PS—r—PS—N3) —SH.
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Table 1. Representative Values of Mole Fraction of 2~E] @l in
Feed, f, and Mole Fraction of 2~E] 3, F, in Random Copolymer

£ 01 02 03 04 05 06 07 08 0.9
F5 0.09 0.22 0.27 0.37 043 0.52 0.61 0.74 0.88
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H F=3HAIE RAFT Seo® 34938199 10(Scheme 1)),
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Table 2. List of the Synthesized Polymeric Ligands

Ligand Ligand Brush M4, Total M4, Feed mole ratio of DI
type No. (Kg/moD (kg/mol) PS: PS—Nj in shell
PS—h-PS-N3—SH 1 2.0 2.9 0:10 1.11
2 1.9 2.9 2:8 1.16
N f_g;s TS 1 2 55 120
! 4 1.9 2.9 8:2 1.18
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Figure 1. Plot of /5 versus £;.

g

N

TEA FRIEE o] gsle] FUrdAE two—phase method® $
AT ks Bot Zizte] wiA) 2zhegl FuhegiRte] &
T & HE 0322 fA8lo] Z47He] gihedA Pt 543t areal chain
density & 2H=% silth SheSiRte}l AesA] ek 1At 2RI
2} o= B dAR= dimethyl formamide (DMF) of] %541 5, mem—
brane filtration MWCO 30000 Da, Millipore, Inc.) S =3}
TRk FfEisit ol FEl Potrl SRS dioxanedl]
=21 5] UV-light W=254 nm) o] 1*3}F E<F =FA1A azido group
(=Np) 7t 7hdgle] FAHEE si8ict v tos dhiliiels &
slo] Bk o] uEA gzt ¥ A2)E 2~3 nm A5S
ZE= SRS 85 AtHFigure 2).

SME LRI G obyY B0l E ShedRte] 4
2 QA BRI PS(M,=56.5 kg/mol, PDI=1.07) ¢} W34
2 yHsolA] S’ Bl Sl 2 wt%r) HEE PSE
Q1 gollof] Z}zke] FURIAE PSell 10 wt% 2] vl8o] HEs =
ek A FEE o] 831d 80~100 nm FA19] 2F-e- 100 nm %
9] Si0g 0] Sl AlEl 71l I™stka, #v)e wEke 180 €
oA 48AIZF B AAEE S8 SIO; T AEZo® o
(etching) & = = FA| 3|48 BAHHE) g48 o]83lo] dAfele
dhuks 2g)E 7)gko 2 1] #2)8lal o= transmission electron
microscopy (TEM) 2.2 #2313 thH(Figure 3).

PS-b-PMMA E53ZFEHet EdE ZLICURIE 0188t LI
S&H ®MZE. PS2 PMMAS] 2Akzke] 242t 95 kg/mol, 92 ke/
molQ] PS—AH—PMMA (Polymer source, Inc.) EZ353412 vl
Q1 dichloromethane (DCM) @] 2 wt% = =it} o] g AuNP— 1
FE AUNP—4714]9) ] E572] FiedA e 2 E5-558A1 5
wt%E Fch VB3] ARE fE ESsEAL) ke
AP} ot Q= ElE A 1R flol ojred F, 200 CTE 48
ARRE B A alFsint olefst #s 3l 10~20 ume A
£ 2t Y ES 358 eSS Alxsisit

A E SheiAe] 2718 PS—b-PMMA B335
o 9] Fuhedzle] A= TEMO R ottt e s

Number of Au NPs
Number of Au NPs

o 1 2 3 4 5 6 0 1
Particle diameter

Particle diameter

4 5 6 0 1 2 3 4 5
Particle diameter

One=2.71£0.78 nm | |

0ave=2.5810.59 nm

| | One=2.53£0.45 nm

Figure 2. TEM images and the size distribution of synthesized (a) AuNP—2; (b) AuNP—3; (¢) AuNP—4. Scale bar is 100 nm.
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Figure 3. TEM images and the size distribution of Au NPs in (a) PS/AuNP—2; (b) PS/AuNP—3; (¢) PS/AuNP—4 nanocomposite

films after annealing at 180 C for 48 h. Scale bar is 100 nm.
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Figure 4. Cross—sectional TEM images of PS—A—PMMA block copolymer (14=187 kg/mol) containing Au NPs whose surfaces are
coated by (a) lignad—1; (b) ligand—2; (c) ligand—3; (d) ligand—4, respectively. Histograms of particle positions are shown next to the

corresponding TEM image. Scale bar is 100 nm.
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