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Figure S1. ‘Satellite’ and‘Core’ nanoparticles. AuNPyg ., (top panel); AuNPgy ,, (bottom panel).(a) TEM
images; (b) The TEM image-based statistical analysis (processed by automated image analysis via Imagel);

(c)The DLS data; (d) The UV-Vis spectra.



(2) RAFT agent NIPAM PNIPAM Y
HN 0

o
v o
CH3(CH3)10CH,S s N
Y OH NH CHy(CH3)1oCH,S s
—_—— OH
s CHy AIBN Y n
S CHs

|, 4-dioxane at 60 °C

(b) (d)

Y 8000
E oo PNIPAM :;QO\
CHyl CHy) 1oCH,S, S,
§ 2 IT/ 4 b,.,cHJ oH / ‘I' 6000 R
s - d 4000 Z
=} d 3
= £
g'r | 12000
2 L |
=2 . - C_A,J‘..n ja,g_ll-, _ 0
ol evee-e—e B =g
oF | ] 1 ] 1 — ~ e
16 24 32 40 48 7 6 5 4 3 2 |
Temperature (°C) fl (ppm)
(c)
Mn = 24,500 g/mol 8000
PDI=I.15
2f 6000
g oy
v
§L 4000 §
2| | £
< | 2000
| 0
il ~JUL .JI'L_.M W\ 0
0
1 1 1 1
20 22 24 26 28 7 6 5 4 3 2 |

Time (min) fl (ppm)

Figure S2. Thermoresponsive polymer synthesis and characterization. (a) Schematic illustration of poly(N-
isopropylacrylamide) (pNIPAM) synthesis via RAFT polymerization. (b) Thermal profile (2 °C/min) of pNIPAM
in Milli-Q water solution as probed by UV-Vis (A = 500 nm, [pNIPAM] = 5.0 mg/mL). The lower critical solution
temperature (LCST) of pNIPAM is around 32 °C. At temperatures below the LCST, and the polymer chains exist
as coils in water due to hydrogen bonding of amide groups with water. At temperatures above the LCST, it is
generally considered that the hydrogen bonding of water with the amide groups (hydrophilic) is interrupted. Thus,
hydrophobic interactions between the hydrophobic backbone and the isopropyl groups (hydrophobic) dominate,
and the polymer conformation changes from linear, flexible chains to collapsed globules. Therefore, the system
undergoes a hydrophilic (coil) to hydrophobic (globule) transition which lead to a cloudy solution and increase in
absorbance.l’> 21 (¢) GPC traces of the pNIPAM. The number-average molecular weight (M,) and molecular
weight distribution (PDI = M,,/M,) were measured by GPC. The polymer shows a narrow polymer distribution
(PDI = 1.15) with molecular weight of 24,500 g/mol. (d) The'HNMR spectra and peak labels for (top panel)
before purification; (bottom panel) after purification. The NMR spectrum (top panel) shows that the characteristic
signals of pNIPAM at ¢) 3.98 and d) 1.12 ppm representing methyne and methyl protons on isopropyl groups
were observed, which verify the successful synthesis of pNIPAM. The NMR spectrum in the bottom panel shows

that the disappearance of the signal peaks at 5.5-6.5 represents the complete removal of the monomer. The
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theoretical molecular weight was calculated according to the equation,B3! M,(theo) = M), x conv. x [M]o/[RAFT
agent]o + Mrurr agens Where M,(theo) (= 25,000 g/mol) is the theoretically calculated molecular weight of the
polymer, M,is the molecular weight of the monomer, conv. (= 73%) is monomer conversion as determined by
THNMR spectroscopy, [M], and [RAFT agent], are the concentration of the monomer and the concentration of the
RAFT agent, Mp4rr agens 1S the molecular weight of the RAFT agent. (Experimental conditions: [NIPAM]o/[RAFT
agent]o/[AIBN], = 300/1/0.2).
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Figure S3. Optical, structural properties and TEM images of the pNIPAM@AuNPgg . (a) UV-Vis spectra;
(b) reversibility measurements; (c) TEM images; (d) DLS data. DLS studies of pNIPAM@AuUNPg ,;,, at 0.18 mM
mL-'in aqueous media were conducted. The size measurements were conducted in a cuvette with the temperature
changing from 25 °C to 40 °C. Samples were allowed to equilibrate for 5 min after reaching the desired
temperature before measurement. It is evident that the LCST affects the pNIPAM length[* thereby inducing the

reduction in size from 91 nm to 82 nm.
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Figure S4. TEM images of coregy ny-satellites ., nanostructures at a lower number ratio of satellite: core (20:
1). Reaction conditions: the 2.5 pL, 1% MPTMS ethanol solution ((MPTMS]: [AuNP] = 103: 1) was added into
the 100 pL pNIPAM@AuNPgj ., to change the end group of the pNIPAM from -COOH to -SH. After 1 h
agitation at 900 rpm, the excess MPTMS was removed by centrifugation at least 2 times at 3500 rpm in 20 min.
the resultant was redispersed in the Milli-Q water for 100 pL. Then 10 pL Tween 20 (2.5%) (surfactant) and 25
puL NaCl (0.2 M) were added into the 150 pL. AuNPyg ,, solution. After gently shaking, the 100 uL pNIPAM-
SH@AuNPg ,, solutions were added into the satellites solution dropwise. After overnight agitation at 900 rpm,
the unreacted satellites, NaCl and Tween 20 were removed by the centrifugation at least 3 times at 3500 rpm in 20

min. The resultant was diluted to the 100 pL in the Milli-Q water.



Figure S5. TEM images of randomly dispersed gold nanoparticles (AuNPgg 4, and AuNP 4 ym).
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Figure S6. The thermoresponsive tuning of plasmonic properties of coregy nm-satelliteyg ,m, nanostructures: (a)
Schematic illustrating the responsive behavior of the coreg ny-satellite,g o, nanostructures; (b) TEM images; (c)
The UV-Vis spectra of the coregy ny-satelliteyy ,, nanostructure at 25 °C and 40 °C; (d) The reversibility

measurements during 10 cycles of repeated heating (at 40 °C) and cooling (at 25 °C).

The excess number ratio of 1:200 (coreg um: satellitesg ny) Was chosen to ensure there was sufficient coverage of
satellites on each core and hence the probability of formation of aggregates was lowered. The TEM images of the
coregg nm-satellites nn nanostructures with the different numbers of satellites on each core were shown in Figure
S5b. The plasmon absorbance maxima of satellite;y 4, were found to be at 525 nm. Coregy yy-satellitery nm
nanostructures exhibit a shoulder at ~600 nm at 25 °C; while a shoulder at longer wavelengths ~650 nm appeared
at 40 °C. It demonstrates that the decrease in distance among the coregy ,, and satellitesyo . gives rise to the
surface plasmon coupling band abruptly red-shifting and becoming more evident. Compared to the coregy ym-
satellitesy ,,, nanostructures, the coregy ny-satelliteyy ,, nanostructures generate relatively smaller peak shifts and
the plasmon coupling among the core and satellites becomes weaker. It is clear that the increase in the diameter of

satellites will lead to the more red shift and stronger coupling among the core and satellites.[!

Reaction conditions: the 1.5 uL, 1% MPTMS ethanol solution ((MPTMS]: [AuNP] = 10°: 1) was added into the
100 uL pNIPAM@AuNPyg o to change the end group of the pNIPAM from -COOH to -SH. After 1 h agitation at
900 rpm, the excess MPTMS was removed by centrifugation at least 2 times at 3500 rpm in 20 min. the resultant
was redispersed in the Milli-Q water for 100 puL. Then 10 pL Tween 20 (2.5%) (surfactant) and 25 pLL NaCl (0.2

8



M) were added into the 315 uL. AuNPyg ,, solution. After gently shaking, the 100 uL. pNIPAM-SH@AuNPg; 1
solutions were added into the satellites solution dropwise. After overnight agitation at 900 rpm, the unreacted
satellites, NaCl and Tween 20 were removed by the centrifugation at least 3 times at 3500 rpm in 20 min. The

resultant was diluted to the 100 pL in the Milli-Q water.
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Figure S7. Coreg ny-satellites ,, nanostructures with the reaction conditions: 1 puL, 1% MPTMS ethanol solution

(IMPTMS]: [AuNP] = 10°: 1): (a) TEM images, and (b) The UV-Vis spectra.

Decreasing the amount of the MPTMS gives rise to a reduction in the possibility of converting the end group of
the pNIPAM from —COOH into —SH, therefore leading to the reduction of numbers of satellites per core. The UV-
Vis spectra show that the less numbers of satellites per core generates a shoulder at 7>T, i.e. coupling among the
core and satellites will be weakened because of the insufficient numbers of satellites per core.l® Therefore, the
amount of MPTMS should be optimized.

Reaction conditions: the 1 pL, 1% MPTMS ethanol solution ((MPTMS]: [AuNP] = 103: 1) was added into the
100 uL pNIPAM@AUuNPyg 4, to change the end group of the pNIPAM from -COOH to -SH. After 1 h agitation at
900 rpm, the excess MPTMS was removed by centrifugation at least 2 times at 3500 rpm in 20 min. the resultant
was redispersed in the Milli-Q water for 100 pL. Then 10 pL Tween 20 (2.5%) (surfactant) and 25 puL NaCl (0.2
M) were added into the 365 pL. AuNPy ,, solution. After gently shaking, the 100 pL pNIPAM-SH@AuNPg,
amSolutions were added into the satellites solution dropwise. After overnight agitation at 900 rpm, the unreacted
satellites, NaCl and Tween 20 were removed by the sedimentation. The resultant was diluted to the 100 pL in the

Milli-Q water.
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Figure S8. Simulated absorption spectra as a function of gap distance ranging from 0 to 20 nm. (a) 6 satellites; (b)

10 satellites (symmetry); (c) 10 satellites (off-angle symmetry) where two of the satellites are located in the z

direction with one in front of the xy plane and one behind the xy plane.
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Figure S9. Electric field intensity profile in the xy plane for the AuNPgg .
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