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ESI 1. Confirmation of synthesis of polymers.
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Fig. 1S. '"H NMR spectra of (a) P-g-C,;SH and (b) P-g-C,,-C;SH 1.
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ESI 2. Synthesis of Dodecanethiolate-Protected Au Nanocrystals. Au nanocrystals were synthesized as
follows.'? 0.31g of HAuCl, was added to a solution of 1.5g of tetraoctylammonium bromide in 80 mL of
toluene. After vigorous stirring, 0.092g of dodecanethiol was added. The solution was vigorously stirred
for 10 min and 0.38g of sodium borohydride in 25 mL of DDI water was then added immediately. After
stirring for 3 hr, upper organic phase was collected and the solvent was removed by rotary evaporation.

Finally, samples were washed with ethanol and acetone 3-4 times.
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Fig. 28. Synthesized dodecanethiolate-protected Au nanocrystals. (a) TEM images. (b) Size histogram.
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ESI 3. Small-angle XRD pattern of spherical aggregates self-assembled from P-g-Au NC. Uniformly
close-packed nanocrystals in the core of spherical aggregates were confirmed by small-angle XRD
measurement. After the sample was prepared as dry powder form by lyophilization of aggregate solution,
small-angle XRD measurement was performed by using a RIGAKU D/MAX-2500 with CuK,, radiation

(A=0.154 nm).
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Fig. 3S. Small-angle XRD pattern of spherical aggregates self-assembled from P-g-Au NC.
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ESI 4. Self-assembly of PHEA-g-CdSe/ZnS QDs with surface-active properties. In order to study the
surface-active properties of nanocrystallo-polymers, we prepared another type of nanocrystallo-polymer,
PHEA grafted with hydrophobic quantum dots (QDs). QDs are semiconductor nanocrystals having
discrete energy levels. QDs have been extensively studied during the past decade due to their unique
optical properties and their applicability to a numerous areas including biological field.*> Compared to
traditional organic dyes, QDs have significant advantages in terms of optical properties. QDs have high
quantum yield, broad absorption and narrow, tunable, symmetric emission, and high resistance to
photobleaching and chemical degradation.** For the QD conjugation, CdSe/ZnS QDs were purchased
from Evident Technologies (Troy, NY). These QDs have an emission peak around 490 nm and a crystal
diameter of approximately 1.9 nm. Because the QDs are coated with trioctylphosphine oxide (TOPO),
they have hydrophobic surface property. Thiolated ligands can be easily attached to the surface of
CdSe/ZnS QDs by ligand place-exchange,”® and thus P-g-C;;SH was also used for the preparation of
PHEA grafted with TOPO-protected CdSe/ZnS QDs (P-g-QD).

The prepared QD-grafted polymers are also amphiphiles and have surface-active properties. Fig. 4S
shows TEM images of spherical aggregates self-assembled from P-g-QD in aqueous solution.
Hydrophobic CdSe/ZnS QDs are tightly packed inside a self-aggregate, forming a core. The Dy, of the
aggregates measured by DLS is 138.2 nm. This is larger than the diameter of spherical aggregates of Au
nanocrystallo-polymers. This is due to the larger size of the hydrophobic component. In addition to
morphological similarities, the prepared amphiphilic QD-grafted polymers also show surfactant-like
properties. After addition of oil to an aqueous solution of the aggregate and vigorous stirring, they form a
liquid mixture without phase separation. Added oil should be located in the hydrophobic core of the
aggregates, swelling the core in a manner similar to microemulsions. Fig. 5Sa shows the hydrodynamic
mean diameters of self-aggregates from P-g-QD swollen by chloroform. The concentration of P-g-QD

was fixed at 5 mg/mL, and 0, 1, 2, 3 weight % of chloroform was added and vigorously stirred. As the
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added amount of chloroform is increased, the diameter of the self-aggregates increases.

The core swelling was also verified by fluorescence measurement (Fig. 5Sb). The self-aggregates without
chloroform have very low fluorescence emission intensity around a wavelength of 490 nm. The gradually
reduced fluorescence emission is due to the fluorescence self-quenching of the QDs.”!! Fluorescence self-
quenching is a special case of static quenching where fluorephores within a critical distance of each other
act as perfect traps. In the core of the self-aggregates, QDs with hydrophobic surfaces are close-packed
due to the hydrophobic effect, as shown in Fig. 4S. In a mixture of THF and ethanol, P-g-QD cannot form
self-aggregates and exhibit high fluorescence emission intensity around a wavelength of 490 nm without
fluorescence quenching. However, the arrangement of QDs and their optical interactions were controlled
by oil addition (Fig. 5Sc). The fluorescence intensities around a wavelength of 490 nm gradually increase
as the amount of added chloroform is increased (Fig. 5Sb). The reduced self-quenching should be due to
the increased inter-QD distance by the core swelling. When adding more than 4 weight % of chloroform,
they form a milky suspension and the fluorescence intensity decreases sharply because of light scattering.
This is indicative of dynamic self-assembling and surface-active properties of the amphiphilic

nanocrystallo-polymers.
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(a)
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Fig. 4S. TEM images of spherical aggregates self-assembled from P-g-QD. Scale bars: (a) 200 nm; (b) 80

nm.



Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2007

(a) (b)

® (0% Chloroform
v 1% Chloroform

2% Chloroform
¢ 3% Chloroform

E ~
£ 190 =
5 )
$ 180 g
1S =
S 2
S 170 | 5
[
S 160 =
=
Q 1 |
g 150
[\
S, 140 |
©
e T T T T
S 130 N
T 00 05 10 15 20 25 30 35 400 450 500 550 600
Added oil weight % Wavelength (nm)
(c)
@) 00 @
o 0 0 %,
» %o f0,%
e 0% e e e
@ e Q)
swelling by 0% %, 0 %% 0%
N 00 " 0007
> e e® 03 (.00
oil addition %L e%% 0 00 %0
®se0 0 e ¢
oo, ¢
®e °¢%0_¢°
o %000,
o cvee

Fig. 5S. Self-assembly of PHEA-g-CdSe/ZnS QDs with surface-active properties. (a) Hydrodynamic
mean diameters of self-aggregates from P-g-QD swollen by chloroform. (b) Fluorescence emission
spectra of aqueous solutions of P-g-QD swollen by chloroform. (c) Schematic diagram of the core

swelling.
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ESI 5. AFM images of spherical aggregates from P-g-Au NC-C;, 1. Spherical shape of the self-
aggregates were confirmed by AFM measurement. After the aggregate solution was dried at room

temperature on a Si-wafer, AFM measurement was performed by using a PSIA XE-100.
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Fig. 6S. AFM images of self-aggregates from P-g-Au NC-C, 1.
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