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ABSTRACT: Well-defined thermoswitchable Janus gold nanoparticles
with stimuli-responsive hydrophilic polymer brushes were fabricated by
combining ligand exchange reactions and the Langmuir technique. Stimuli-
responsive polydi(ethylene glycol) methyl ether methacrylate was prepared
by addition−fragmentation chain-transfer polymerization. The polymer
brushes were then anchored onto the nanoparticle surface by interfacial
ligand exchange reactions with hexanethiolate-protected gold nano-
particles, leading to the formation of a hydrophilic (polymer) hemisphere
and a hydrophobic (hexanethiolate) one. The resulting Janus nanoparticles
showed temperature-switchable wettability, hydrophobicity at high
temperatures, and hydrophilicity at low temperatures, due to thermally
induced conformational transition of the polymer ligands. The results
further highlight the importance of interfacial engineering in the deliberate functionalization of nanoparticle materials.

1. INTRODUCTION

Nanometer-sized metal particles have been attracting significant
attention primarily due to their unique chemical and physical
properties that deviate significantly from those of their
constituent atoms and bulk forms.1−3 Janus nanoparticles,
analogous to the Janus god in ancient Roman mythology,
represent a unique family of functional materials that exhibit an
asymmetrical structure, such as two hemispheres of different
shapes, chemical compositions, and/or surface functionality.4−9

Such structural asymmetry may serve as a new, effective
parameter in the manipulation of the nanoparticle physical/
chemical properties by, for instance, directional functionaliza-
tion and controlled assembly.10 There have been a variety of
methods reported in the literature toward the synthesis of Janus
nanoparticles, e.g., the template method, Pickering emulsion
method, interfacial method, the “grafting to” approach, etc.11−14

Of these, interfacial engineering based on the Langmuir method
represents an effective procedure,15,16 where hydrophobic
alkanethiolate-passivated metal nanoparticles are exploited as
the initial starting materials and undergo ligand exchange
reactions with hydrophilic thiol ligands on the water surface of
a Langmuir−Blodgett trough.17,18 Yet, thus far, in the obtained
Janus nanoparticles, both the hydrophilic and hydrophobic
ligands have been limited to relatively simple molecules, and
the scope of manipulation of the nanoparticle structures and
properties remains rather narrow.19 One may ask, is it possible
to incorporate macromolecular chains onto the Janus nano-
particle surface where the rich chemistry of polymers may then

be exploited for further functionalization of the nanoparticles?
It is within this context that this study was carried out.
Preparation of polymer-tethered nanoparticles has been

described in a number of recent studies.20−24 However, studies
on the fabrication of polymer-capped Janus nanoparticles have
remained relatively scarce. For instance, Kim et al. studied the
phase behaviors of mixed polymers of polystyrene and
poly(methyl methacrylate) anchored on gold nanoparticle
surface by small-angle neutron scattering, and observed phase
segregation of the two polymers which resulted in the
formation of Janus-type nanoparticles.25 Recently, Percebom
et al. also prepare Janus gold nanoparticles by exploiting
spontaneous segregation of two immiscible polymers on the
nanoparticle surface.26 In another study, Li et al. prepared Janus
gold nanoparticles by incorporating polystyrene onto the
nanoparticle surface by one-step reverse atom transfer radical
polymerization in emulsion as well as by a facile spontaneous
assembly method at the liquid−liquid interface.27,28 Alter-
natively, Wang et al. synthesized Janus gold nanoparticles with
two different polymers, poly(ethylene oxide) and poly(methyl
methacrylate)/poly(t-butyl acrylate), on the opposite hemi-
spheres of the nanoparticles by integration of the “solid-state
grafting-to” and “grafting-from” methods, using single-crystal-
line templates based on various polymers (e.g., polyethylene,
nylon, and polypeptides).29 Despite the progress, much remains
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to be done, in particular, in the functionalization of Janus
nanoparticles with thermoresponsive polymers.
Notably, a number of smart materials have been prepared

based on thermoresponsive polymers that exhibit a lower
critical solution temperature (LCST) or an upper critical
solution temperature (UCST) in water, and may be used for
diverse applications, for instance, chemical/biological sensing,
tissue engineering, and drug delivery.30−32 Of these, oligo-
(ethylene glycol) methacrylates (OEGMAs), which may be
prepared by various effective methods such as atom transfer
radical polymerization and reversible addition−fragmentation
chain-transfer polymerization, exhibit interesting stimuli-
responsive characteristics.33,34 Significantly, OEGMA-based
polymers can be readily anchored onto a wide variety of
substrates, ranging from flat surfaces to porous networks, and
colloidal particles,35 and various synthetic OEGMA-based
polymers, for instance, 2-(2-methoxyethoy)ethyl methacrylate
(MEO2MA), MEO3MA, OEGMA300, and OEGMA475,

36,37 have
indeed been used to prepare polymer tethered nanoparticles.
Yet in these prior studies, there is virtually no spatial control of
the tethering of the polymer chains onto the nanoparticle
surface.
Herein, we described an effective procedure to prepare

thermoswitchable Janus gold nanoparticles with stimuli-
responsive OEGMA polymer brushes. Experimentally, rever-
sible addition−fragmentation chain-transfer (RAFT) polymer-
ization was employed to synthesize polydi(ethylene glycol)
methyl ether methacrylate, with a well-defined molecular
weight, which was then utilized as hydrophilic ligands to
prepare Janus gold nanoparticles by interfacial ligand exchange
reactions. It was found that the resulting Janus nanoparticles
exhibited apparent temperature-switchable wettability property:
hydrophobic at high temperatures and hydrophilic at low
temperatures.

2. EXPERIMENTAL SECTION
2.1. Chemicals. Di(ethylene glycol) methyl ether methacrylate

(MEO2MA, 95%), cyanomethyl dithiobenzoate (CMTB, 98%),
azodiisobutyronitrile (AIBN) and n-butylamine were purchased from
Sigma-Aldrich. MEO2MA were distilled under vacuum and AIBN was
recrystallized from ethanol prior to use. Solvents were purchased from
typical commercial sources at their highest purity and used without
further treatment. Water was supplied by a Barnstead Nanopure water
system (18.3 MΩ cm).
2.2. Synthesis of Polydi(ethylene glycol) Methyl Ether

Methacrylate Terminated with the RAFT Agent (PMEO2MA-
CMTB). PMEO2MA-CMTB was synthesized by RAFT polymer-
ization, as described previously.38,39 In a typical reaction, MEO2MA
(0.6 g, 3.2 mmol), CMTB (0.02 g, 0.1 mmol), and AIBN (0.004 g)
were dissolved in 4 mL of anisole in a 15 mL flask to form a
homogeneous solution under magnetic stirring (corresponding to a
MEO2MA/CMTB mass ratio of 30:1). Then, the mixture was
degassed under vacuum for 10 min and refilled with nitrogen for three
times. After that, polymerization was carried out in an oil bath at 60 °C
for 24 h before the reaction solution was cooled down to room
temperature. PMEO2MA-CMTB was obtained by precipitation in cold
pentane for three times and dried under vacuum for 24 h. Three
additional polymers were prepared in a similar fashion but at different
monomer to RAFT agent mass ratios, 10:1, 60:1, and 150:1. The
corresponding molecular weights and polydispersity indexes are
included in Table S1 in the Supporting Information.
2.3. Synthesis of Thiol-Ended PMEO2MA (PMEO2MA-SH). To

prepare thiol-terminated polymer macromolecules, dithioester-termi-
nated PMEO2MA was reduced by n-butylamine in THF. In a typical
reaction, PMEO2MA-CMTB prepared above (1 g, 0.02 mmol) was
dissolved in 20 mL of THF, and n-butylamine (80 mg, 1.1 mmol) was

added under magnetic stirring and nitrogen. After 2 h, the polymer
was precipitated in cold pentane for three times and dried under
vacuum for 24 h, affording PMEO2MA-SH.

2.4. Fabrication of Gold Janus Nanoparticles. 1-Hexanethio-
late-protected gold nanoparticles (AuC6) were prepared and purified
by using the Brust protocol.40 The nanoparticles exhibited an average
core diameter of 5.41 ± 0.80 nm, as determined by transmission
electron microscopic measurements of more than 200 nanoparticles,41

and used to prepare Janus nanoparticles.42,43 Briefly, a monolayer of
the AuC6 nanoparticles was first formed on the water surface of a
Langmuir−Blodgett trough (NIMA Technology, model 611D) with
the water temperature controlled at 8 °C. The particle monolayer was
then compressed to a desired surface pressure where the interparticle
separation was maintained at a value smaller than twice the extended
ligand chain length such that the interfacial mobility of the particles
was impeded. At this point, a calculated amount of a water solution of
the PMEO2MA−SH polymers prepared above (1 mg/mL in water at 8
°C) was injected into the water subphase by using a Hamilton
microliter syringe. After 6 h of interfacial ligand exchange reactions, the
resulting Janus nanoparticles were transferred onto a clean glass slide
surface, rinsed with cold water three times, and dispersed in THF.

2.5. Characterizations of Polymers and Gold Nanoparticles.
The number-average molecular weight of the copolymer was
determined by using gel permeation chromatography (GPC) with
an HP1100 using two PL gel columns with monodisperse polystyrene
as the standard. The mobile phase was THF, the sample concentration
was 1.0 g/L, the detector was an RID, and the flow rate was 1.0 mL/
min. FTIR measurements were carried out with a PerkinElmer FTIR
spectrometer (Spectrum One, spectral resolution 4 cm−1) where the
samples were prepared by casting the polymer or particle solutions
onto a ZnSe disk. 1H NMR spectra were recorded on a Varian Unity
Plus 300/54 NMR spectrometer using chloroform-d as the solvent.
UV−vis absorption spectra were collected with a PerkinElmer Lambda
35 UV−vis spectrometer by using a 1 cm quartz cuvette. X-ray
photoelectron (XPS) spectra were recorded with a PHI 5400/XPS
instrument equipped with an Al Kα source operated at 350 W and
10−9 Torr. Silicon wafers were sputtered by argon ions to remove
carbon from the background and used as substrates. Dynamic light
scattering (DLS) studies were carried out by using a Wyatt DynaPro
NanoStar temperature-controlled microsampler with the nanoparticles
dissolved in selected solvents. An aliquot (5 μL) of the particle
solutions at a concentration of ca. 0.05 mg/mL was introduced into a
sample holder by using a 10 μL micropipet. Data were acquired at
different temperatures, and results were reported in terms of mass %.
Contact angles were measured with a Tantec CAM-PLUS contact
angle meter. Experimentally, the Janus nanoparticle monolayers were
transferred onto a clean glass slide surface (3 cm × 8 cm) from the
water surface by either the upstroke or downstroke deposition method,
and dried under vacuum for 24 h. Control experiments were also
carried out where pristine polymer films were prepared by drop-
casting a polymer dispersion onto a glass slide surface and dried in a
vacuum oven.44 For each sample, measurements were carried out at
both room temperature (about 28 °C) and lower temperature (about
8 °C), and at least eight independent measurements were carried out
for statistical analyses.

3. RESULTS AND DISCUSSION

3.1. Syntheses and Characterization of PEO2MA−SH.
The synthetic procedure of PMEO2MA−SH is summarized in
Scheme 1. RAFT polymerization was used to synthesize
polydi(ethylene glycol) methyl ether methacrylate where the
RAFT agent group was attached onto the molecular terminal
(PMEO2MA−CMTB). From GPC measurements using
polystyrene standards, the mean molecular weight (Mn) of
the PMEO2MA−CMTB polymers was found to increase with
increasing monomer/RAFT agent mass ratio, 1500 g/mol at
10:1, 4800 g/mol at 30:1, 10 200 g/mol at 60:1, and 30 400 g/
mol at 150:1, whereas the polydispersity index (PDI, Mw/Mn)
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remained virtually unchanged at 1.2−1.3 (Table S1). The
narrow distribution of the molecular weight of each sample was
ascribed to the rational RAFT agent for the monomer. Finally,
excess n-butylamine was added under magnetic stirring in a
nitrogen atmosphere to reduce PMEO2MA−CMTB to thiol-
ended polymer (PMEO2MA−SH). In the present study, we
would focus on the polymer ofMn = 4800 g/mol, as it exhibited
the optimal molecular weight in the preparation of Janus
nanoparticles (vide infra).
Spectroscopic measurements were then carried out to

characterize the structures of the obtained polymers. From
the FTIR spectra in Figure 1, one can see several vibrational

bands that were characteristic of PMEO2MA for (a)
PMEO2MA−CMTB and (b) PMEO2MA−SH: methyl and
methylene C−H stretches at 2940 cm−1, CO stretch at 1740
cm−1, CH2 bending at 1456 cm−1, and CH2−O stretching at
1150−1070 cm−1. Yet, there is a noticeable difference between
PMEO2MA−CMTB and PMEO2MA−SH, where a new weak
band appeared at 2654 cm−1 in PMEO2MA−SH, most likely
due to the terminal S−H group (additional data in Table S2).
Consistent results were obtained in 1H NMR measurements,
which further confirmed the successful synthesis of the
polymers. Figure 2 shows the 1H NMR spectra of (a)
PMEO2MA−CMTB and (b) PMEO2MA−SH in chloroform-
d, which were rather consistent at δ 0.79−1.09 ppm (3H,
CH3−C−), δ 1.61−2.02 ppm (2H, −C−CH2−C), δ 3.37−3.41
ppm (3H, CH3−O−), δ 3.52−3.79 ppm (2H, −CH2−O−),
and δ 4.04−4.18 ppm (2H, −CH2−O−CO−). Yet, there is a
marked difference. One can see that PMEO2MA−CMTB also
exhibited multiple weak peaks within the range of δ 7.47−8.15

ppm (inset to panel a), which likely arose from the aromatic
terminus of the RAFT agent (Scheme 1). These peaks
disappeared almost completely in PMEO2MA−SH (inset to
panel b), suggesting effective removal of the aromatic rings and
the successful transformation of the thiolester group to thiol
moiety.
UV−vis measurements were also carried out to provide

further insights into the structural evolution of PMEO2MA.
The absorption profiles of PMEO2MA−CMTB and
PMEO2MA−SH in THF were depicted in Figure 3. It can be
seen that PMEO2MA−CMTB exhibited an exponential decay
profile with an absorption peak at 310 nm, characteristic of the
−CMTB group in the polymer, which vanished compeletely
after chemical reduction of dithioester in the formation of
PMEO2MA−SH. Experimentally, the reduction of dithioester

Scheme 1. Synthetic Procedure of PMEO2MA−SH

Figure 1. FTIR spectra of (a) PMEO2MA−CMTB and (b)
PMEO2MA−SH.

Figure 2. 1H NMR spectra of (a) PMEO2MA−CMTB and (b)
PMEO2MA−SH. Insets show the zoom-in of the respective region
between 7.1 and 8.3 ppm.

Figure 3. UV−vis spectra of (a) PMEO2MA−CMTB and (b)
PMEO2MA−SH in THF. Inset is a photograph of the two polymer
solutions.
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to thiol also led to an apparent color change from light red to
colorless of the polymer solution in THF (inset to Figure 3).
3.2. Preparation and Characterization of Polymer-

Capped Gold Nanoparticles. Gold Janus nanoparticles with
PMEO2MA−SH as the hydrophilic ligands were prepared by
using a procedure based on the Langmuir method that we
developed previously (Figure 4 left panels).43 It should be

noted that PMEO2MA−SH, as mentioned above, is a kind of
OEGMA-based polymers and exhibits an LCST in water of ca.
10−15 °C,30,31 so the water temperature must be set below
LCST to ensure effective dissolution in water. In fact, at
decreasing temperature we observed that PMEO2MA−SH was
initially insoluble in water at 28 °C, became turbid at 18 °C,
and was totally soluble at 8 °C; and the observations might be
reversed by increasing the water temperature, as manifested in
the right panels of Figure 4 (0.1 g of PMEO2MA−SH in 20 mL
of water). Thus, experimentally, to ensure good solubility of the
polymer in water, the Janus nanoparticles were prepared by
controlling the temperature of the water subphase at 8 °C.
Note that in the above procedure for the formation of Janus

nanoparticles, the nanoparticles were confined at the air|water
interface.43 We found that it was important to use polymers of
proper molecular weights (Mn), because if Mn was too high, the
nanoparticles might be pulled into the water subphase after
tethering of the polymer chains onto the nanoparticle surface.
This would destroy the structural integrity of the nanoparticle
monolayer and hence the quality of the Janus structure. In fact,
of the four PMEO2MA−SHs synthesized (Table S1), we found
that the two smaller polymers (Mn = 1500 and 4800 g/mol)
were more efficient in the fabrication of Janus nanoparticles
than the two larger ones (10 200 and 30 400 g/mol).
Experimentally, during the interfacial ligand exchange reaction,
smallMn polymers-tethered gold nanoparticles remained on the
water surface retaining the same monolayer structure (as
monitored by surface pressure), whereas when high Mn

polymers were used instead, it became visible by naked eyes
that a number of holes (several mm in diameter) were formed
within the nanoparticle films, apparently because part of the
polymer-tethered nanoparticles were submersed into the water
subphase. Thus, in the present study, we focus on Janus
nanoparticles that were prepared with PMEO2MA−SH (4800
g/mol).
The Janus nanoparticles were then collected from the water

surface, transferred into a THF solution, and centrifuged to
remove loosely bound polymer macromolecules, as manifested
by UV−vis measurement where the residual concentration of
PMEO2MA−SH in the supernatant after centrifugation was
estimated below 10−9 mg/mL. The structure of the obtained
Janus nanoparticles was then characterized, in comaprison with
that of the original AuC6 nanoparticles. From the FTIR spectra
in Figure 5, one can see that the polymer-capped gold Janus

nanoparticles exhibited the same vibrational features charater-
istic of PMEO2MA (Figure 1), with clearly defined bands at
2940, 1740, 1456, and 1150−1070 cm−1, confirming the
successful tethering of the polymer chains onto the nano-
particle surface (summarized in Table S3).
Further structural insights were obtained in 1H NMR and

XPS measurements. From the 1H NMR spectrum in Figure 6,
one can see that the spectral features were consistent with those
of PMEO2MA in Figure 2, i.e., δ 0.79−1.09 ppm (3H, CH3−
C−), δ 1.61−2.02 ppm (2H, −C−CH2−C), δ 3.37−3.41 ppm

Figure 4. (Rigth) Photographs of a polymer solution at different
temperatures (0.1 g of PMEO2MA−SH in 20 mL of water) and (left)
schematic illustrations for preparation of PMEO2MA-tethered gold
Janus nanoparticles at 8 °C. Figure 5. FTIR spectra for (a) AuC6, and (b) PMEO2MA-tethered

gold Janus nanoparticles.

Figure 6. 1H NMR spectrum for PMEO2MA-tethered gold Janus
nanoparticles in CDCl3.
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(3H, CH3−O−), δ 3.52−3.79 ppm (2H, −CH2−O−), and δ
4.04−4.18 ppm (2H, −CH2−O−CO−). In addition, based on
the integrated peak areas, the ratio of the methyl protons at δ =
3.37−3.41 ppm (CH3−O−) to those at δ = 0.79−1.09 ppm
(CH3−C−) was calculated to be 1:1.2, corresponding to a
molar ratio of 3:20 between the polymer chains and the original
hexanethiolate ligands.
In XPS measurements of the polymer-capped gold Janus

nanoparticles, the Au 4f, O 1s, C 1s, and S 2p electrons can be
readily identified at ca. 84, 532, 286, and 163 eV, respectively, as
manifested in the syurvey spectrum (Figure 7a). Figure 7b

depicts the high-resolution scan of the C 1s electrons, where
deconvolution yields five subpeaks at 284.6, 285.1, 286.2, 287.1,
and 288.9 eV, corresponding to the carbons in C−C/C−H, C−
C−O, C−O, C−S, and O−(CO)−, respectively. Further-
more, from the integrated peak areas, the atomic ratio of the
carbons in the polymer main chains (C−C regular) to those in
the side chains (with O) was estimated to be 4.5:3.5, consistent
with the molecular structure in Scheme 1, and the ratio of the
polymer chains to hexanethiolate ligands was estimated to be
3:22, very close to that obtained from 1H NMR measurements
(Figure 6).
Interestingly, the PMEO2MA-tethered gold Janus nano-

particles exhibited apparent temperature-responsive wettability,

as manifested by contact angle measurements. Experimentally,
the Janus nanoparticles were transferred onto a clean glass slide
surface by downstroke deposition and rinsed with cold water
for six times to remove loosely bound polymers from the water
subphase. In this deposition fashion, the hydrophobic
(hexanethiolates) hemisphere of the nanoparticles was in direct
contact with the glass slide, whereas the hydrophilic side
(tethered polymers) was exposed (Figure 8 inset). We then

measured the contact angles every 10 s within 1 min at 8 °C,
and found that the contact angle decreased slowly from 60° at t
= 10 s to 49° at t = 1 min (Figure 8). Notably, the results are
very close to those of a drop-cast film of pristine PMEO2MA
where the contact angles also exhibited a slow decrease from
46° at t = 10 s to 30° at t = 1 min, indicating a similarly
hydrophilic surface of the two ensembles (the discrepancy of
contact angles may be ascribed to the different surface
roughness between these two thin films).
More interestingly, when the contact angles of the Janus

nanoparticle monolayer were measured at room temperature
(ca. 28 °C), the results were markedly different. First, the
contact angles were much higher than those acquired at 8 °C;
second, the contact angles remained virtually invariant from 82°
at t = 10 s to 80° at t = 1 min. This suggests that the
nanoparticle surface became increasingly hydrophobic due to
the tethered macromolecular ligand of PMEO2MA. Note that
as a temperature-sensitive polymer, PMEO2MA chains would
strech out at low tempeatures (e.g., 8 °C) and show hydrophilic
characters, but fold in at high temperatures (e.g., 28 °C) and
display hydrophobic characters instead. This is consistent with
the behaviors of the polymers in solution (Figure 4). Such
temperatue-responsive behaviors could not be seen with the
original AuC6 nanoparticles. In fact, from Figure 8, one can see
that the contact angles for the original AuC6 nanoparticles were
almost unchanged when the temperatured was increased from 8
to 28 °C. In addition, the contact angles for AuC6
nanoparticles at 8 °C were significantly higher than those of
the PMEO2MA-tethered Janus nanoparticles at the same
temperature, but both the AuC6 and Janus nanoparticles

Figure 7. (a) XPS survey spectrum and (b) high-resolution scan of the
C 1s electrons of the PMEO2MA-tethered gold Janus nanoparticles.

Figure 8. Contact angles of a Langmuir−Blodgett monolayer of AuC6
and PMEO2MA-tethered gold Janus nanoparticles, and evaporated
film of PMEO2MA at different temperatures.
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exhibited almost identical contact angles at room temperature,
suggesting that at this temperature both nanoparticles exposed
a similarly hydrophobic surface. Furthermore, there is virtually
no diminishment of the contact angles with time, suggesting a
relatively stable surface structure.
The thermoresponsive properties were further probed by

DLS measurements at controlled temperatures.45 Figure 9
shows the distributions of the hydrodynamic diameters (DH) of
AuC6 and PMEO2MA-tethered Janus nanoparticles determined
by DLS measurements at different temperatures. For AuC6
nanoparticles in THF (panel a), the average diameter was
estimated to be 6.1 nm at 20 °C, which remained virtually
unchanged at lower temperatures (e.g., 6 °C, not shown). This
indicates good dispersion of individual nanoparticles in THF.
In contrast, the PMEO2MA-tethered Janus nanoparticles in
H2O exhibited a much larger DH, which was almost unchanged
at ca. 40 nm within the temperature range of 6 to 14 °C (panels
b−e). Yet, at higher temperatures (e.g., 16 °C, panel f), DH
showed a significant increase to 561 nm. This may be ascribed
to the temperature-dependent conformational transition of the
polymers tethered on the nanoparticle surface. At low
temperatures, the macromolecular chains of PMEO2MA were
likely fully stretched, which rendered the nanoparticles highly
dispersible (well solvated) in water. Yet at high temperatures,
because of contraction of the polymer chains and increasing
hydrophobicity of the Janus nanoparticles (Figure 9), the
solubility of the nanoparticlesin in water diminished such that
the particles started to aggregate, as reflected by the large DH.
Taken together, these results indicate the successful preparation
of well-defined thermoswitchable Janus gold nanoparticles with
stimuli-responsive hydrophilic polymer brushes. This may be
exploited as a new avenue for the rationale design and
manipulation of nanoparticle structures and properties.

4. CONCLUSION
Thermosensitive polydi(ethylene glycol) methyl ether meth-
acrylate was synthesized and used to prepared Janus gold
nanoparticles by interfacial ligand-exchange reactions, as
manifested by NMR, FTIR, and XPS measurements.
Interestingly, contact angle measurements of monolayers of
the Janus nanoparticles showed a marked increase with

increasing temperature, due to the intrinsic thermoswitchable
conformational transition of the polymer chains on the
nanoparticle surface. In contrast, with the original AuC6
nanoparticles, virtually no change was observed. Consistent
behaviors were seen in DLS measurements in water, where at
temperatures below 14 °C the average hydrodynamic diameter
was only ca. 40 nm, but at higher temperatures (≥16 °C) the
hydrodynamic diameters increased by more than an order of
magnitude, because of increasing hydrophobicity that drove the
formation of large nanoparticle aggregates. The results further
highlight the significance of nanoparticle surface functionaliza-
tion with functional polymers in the further manipulation of
nanoparticle materials properties.
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Table S1. Summary of molecular information of the synthesized PMEO2MA-CMTB polymers 

Monomer to 
RAFT agent ratio 

(wt./wt.) 

 
10:1 

 
30:1 

 
60:1 

 
150:1 

Mn (×10
3
) 1.5 4.8 10.2 30.4 

Mw/Mn 1.21 1.24 1.25 1.33 

Table S2. Summary of FTIR data of the synthesized PMEO2MA polymers 

Peak positions 

(cm1
) 

Assignments 

2940 Methyl and methylene C–H stretches 

2654 S–H stretch 

1740 C=O stretch 

1456 CH2 bending 

1250 CH2–O stretch 

1144 CH2–O stretch 

Table S3. Summary of FTIR data of the PMEO2MA-tethered gold Janus nanoparticles 

Peak positions 

(cm1
) 

Assignments 

2940 Methyl and methylene C–H stretches 

1740 C=O stretch 

1250 CH2–O stretch 
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