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The IR spectrum of prepared PNIPAM-SH is shown in Figure S1A, the peaks at 3288,
2975, 2873, 2929, 1638,1541 cm™ are ascribed to NH stretching, -CHs asymmetric
stretching, -CHz asymmetric stretching of carbon bone for PNIPAM, -CHs symmetric
stretching, C=0O stretching (amide I) and N-H stretching (amide II), respectively [1]. It also
displays the -CHs deformation at 1386 and 1365 cm™ [1]. "H NMR spectroscopy of
PNIPAM-SH confirms the existence of amide and all peak assignations are shown in
Figure S1B. All these characteristic peaks are perfectly correspond to the structure of. The
molecular weight was calculated using a polystyrene (PS) calibration. Figure S1C displays
the GPC spectrum for prepared PNIPAM-SH. It shows an unimodal peak, suggesting the
absence of any disulphide coupling products. The number-average molecular weight
(Mn) and the molecular weight distribution (Mw/Mn), which were determined by GPC,
are 7786 g/mol and 1.095, respectively. Figure S1D gives the synthetic route of SH-
PNIPAM. Briefly, it used the RAFT method, CPD as a ARFT agent, ACPA as an initiator
and NIPAM as monomer. The first step obtained a pink intermediate product, and then
treated by TCEP and 2-ethanolamine to obtain white target product SH-PNIPAM.
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Figure S1. The spectra of IR (A), 'H NMR (B), GPC (C) and synthetic route (D) for the prepared
PNIPAM-SH.

From Figure S2A, for AuNPs, from room temperature to 60 °C, the intensity of the
broad peak located at 200-300 nm gradually decreases and down to the minimum at 70
°C. Besides, an obvious shoulder peak at 220 nm appears, especially the temperature was
up to 90 °C. The above phenomenon maybe related to the change of citrate. According to
the reported literature, the spectral region around 200-300 nm is related to gold interband
transitions and depends directly on the gold atoms concentration in the sample [3]. For
AuNPs, this peak decreasing with temperature might relate to the precipitation of
aggregated AuNDPs in the solution. (corresponding to the decrease in SPR peak of AuNPs
in Figure 2B). In this study, AuNPs solution was obtained by centrifuging to remove
excess citrate, which leads to a decreased charge density on the surface of AuNPs. At the
same time, increasing temperature promotes the desorption of citrate [4]. Theses two
effects make Zeta potential distinctly decreased, resulting in the aggregation of AuNPs.

When the temperature exceeds 70 °C, the broad peak in the range of 200-300 nm
basically disappears. Instead, a shoulder peak appears in the range of 200-230 nm,
especially at 90 °C. The study indicated that this spectral change is related to the
characterized absorbance of citrate [5]. When the temperature increasing, according to the
Boltzmann distribution, the probability of reaching higher vibrational levels within the
electronic ground state increases with increasing temperature [6]. Thus, the shoulder peak
in the range of 200-230 nm gradually enhances at 70-90 °C. From Figure S2B, when the
AuNPs were loaded with PNIPAM, the spectral absorbance in 200-300nm barely has
change below 60 °C. It because the PNIPAM shell inhibit the aggregation of AuNPs-
PNIPAM. And the explanation for the situation when the temperature higher than 60 °C
is similar to that for AuNPs above-mentioned. The above contrast results further indicates
the tethered PNIPAM improve the thermo-stability of AuNPs. Figure S2C,D are the UV-
Vis spectra for AuNPs and AuNPs-PNIPAM solution in presence of salt changing with
temperature. The profile of the spectra are similar to their no-salt counterparts but the
intensity distinctly decrease compared with Figure S2A,B which are absence of salt. This
reduced intensity mainly attribute to AuNPs aggregation caused by the decreased Zeta
potential absolute value induced by salt effect whether for AuNPs or AuNPs-PNIPAM.
The aggregation causes a lower concentration of colloid, and thus results in a relatively
weak absorbance of citrate.
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Figure S2. The change of UV spectra with temperature for AuNPs (A) absence of NaCl; (C)
presence of 16.9 mM of NaCl and AuNPs-PNIPAM (B) absence of NaCl; (D) presence of 16.9 mM
of NaCl.

Generally, the conformational change of PNIPAM leads to the markedly
transformation between the hydrophilicity and hydrophobicity. If this transformation
occures for the AuNPs-PNIPAM system, the aggregation of AuNPs-PNIPAM can
appears. Unavoidably, there is a sharp change in the peak intensity and wavelength of
SPR spectrum with temperature for the AuNPs-PNIPAM. Figure S3 indicates that the
peak intensity of SPR spectrum for AuNPs-PNIPAM under higher salt concentration is
almost linearly related to temperature rather than nonlinear, indicating that there is not
the evident conformational change of PNIPAM.
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Figure S3. The relationship between the peak intensity of SPR spectrum and temperature for
AuNPs-PNIPAM under higher salt concentration (16.9 mM).

In order to get the effect of diffusion of proton on the the Zeta potential of AuNPs-
PNIPAM, Figure 54 shows the change in the Zeta potential for AuNPs-PNIPAM after
addition of HCI (0.002M) with time. The Zeta potential values of Au-PNIPAM are -28.1
eV, —4.6, 3.6, and +5.15 eV, respectively, at 0, 2.5, 4, and 7 hours after introducing HCI,
indicating that protons are slow to diffuse into PNIPAM palisades and change the Zeta
potential from negative to positive one for AuNPs-PNIPAM.



Materials 2021, 14, 443

4 of 5

For the UV-Vis spectrum of AuNPs-PNIPAm, there is the slow change in the
maximum absorbance and the red-shift of maximum absorption wavelength with time
after addition of HCI. Differently, for the UV-Vis spectrum of AuNPs as shown in Figure
54, after adding HCI for 1 minute, two peaks appear including typical SPR peak and the
characteristic peak ranging from 600 nm to 900 nm regarding aggregation. The remarkable
difference between AuNPs and AuNPs-PNIPAM, suggesting that the interaction among
PNIPAM molecules tethered on the AuNPs surface is strong to inhibit the diffusion of
protons.
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Figure S4. The change in the Zeta potential for AuNPs-PNIPAM after addition of HCI (0.002M)
with time.

-

As the temperature above the LCST, if the change in the conformation of the
immobilized PNIPAM molecules occurs, the alkyl chains of CTAB would interact with
the hydrophobic segments located at the outer edge of PNIPAM palisades. Inevitably, the
adsorbed positively charged CTAB molecules would reduce the net charge of AuNPs-
PNIPAM, thus triggering the aggregation of AuNPs-PNIPAM. However, Figure S5 shows
the UV-Vis spectrum varying with temperature for AuNPs-PNIPAM solution containing
CTAB. The spectrum does not response to temperature change, revealing the failure of
the conformation change of anchored PNIPAM in this situation. The experimental fact
indicates that the immobilized PNIPAM on AuNPs does not have the function of thermo-
sensitive conformational transformation similar to that of free PNIPAM.
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Figure S5. The change in the UV-Vis spectra with time for AuNPs after addition of HCI (0.002 M).
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Figure S6. The UV-Vis spectra for AuNPs-PNIPAM in presence of CTAB at RT and 55 °C.
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