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1. Additional information about the structural features of HF etched Si nanostructures and

the Si QD-Au NP hybrids

Figures S1 (a)-(d) are the HRTEM images and the size distribution of freshly HF etched Si nanocrystals.
The SAEDP shown as inset of Figure 1 (b) clearly shows rings of Si and the corresponding planes are
(111), (220) and (311). The (331) plane is also visible (not marked). The nearly continuous rings are
suggestive of random orientation of the neighboring crystallites. Figures S1 (a)-(c) reveal that there are

abundant nearly spherical Si QDs whose sizes are 2 nm and below. One such free-standing spherical Si
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QD is shown as the inset panel of Figure S1 (c). The log-normal distribution shown in Figure S2 (d)
suggest that though the distribution spans over diameters varying from less than 1 to 4 nm, the smaller
particles are more abundant than the comparatively larger ones. Hence, in an ensemble measurement the
smaller particles dictate the overall behavior of the system. Such ultra-small nanocrystals of Si are

expected to exhibit quantum size effects and are hence referred to as Si QDs in the paper.
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Figure S1: Bright field HRTEM images of freshly etched Si QDs showing abundant particles with
diameters between ~1-4 nm (a)-(c). The inset of (b) is the SAED pattern corresponding to the bright field
image, and the inset panel of (c) shows a free-standing Si QD with ~2 nm diameter. The size distribution

calculated using estimated sizes of 80 particles shown in (a)-(c) exhibits a log-normal distribution (d).

To show that the dominantly achieved structures are Si-Au core-shell nanostructures some more TEM
images are shown below in Figures S2 (a)-(c) which clearly demonstrate the formation of Si-Au core-
shell nanostructures. It is evident from the TEM images that the Si nanostructures are indeed encapsulated
by Au NPs. To illustrate the formation of Moiré fringes due to overlap of the crystalline planes of Si and
Au, higher magnification images showing the formation of mixed and translational Moiré fringes due to

non-accordant and accordant overlap of two crystalline mistifs are presented in Figures S2 (d) and (e),
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respectively. The schematic of formation such translational and mixed Moiré patterns are illustrated in

Figure S2 (f).

Formation of Moiré fringes due to
overlap of crystalline planes
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Figure S2: HRTEM images showing core-shell nanostructures Si-Au (a)-(c). Though Si has lesser
contrast than Au, the formation of Moiré fringes due to overlap of the crystalline planes of Si and Au, the
Si cores appear darker than the Au shells. Higher magnification images showing the formation of mixed
and translational Moiré fringes due to overlap of Si and Au, are shown in (d) and (e), respectively. (f) A
schematic illustrating the formation of mixed and translational Moiré fringes. The black scale bars are 5

nm and the white ones are 2 nm, respectively.

It is important to note the difficulties in simultaneously imaging Si and Au with resolvable fringes using a
TEM, particularly when their feature sizes are very small. First, the shape of the envelope function
severely limits the imaging of higher frequency components (i.e. smaller features in real space). This is
primarily because the envelope function changes shape for different d-spacing that correspond to the
possible distances between lattice fringes of nanocrystals in the image plane. In order to optimize the
contrast transfer function for each spatial frequency, the defocus setting must be changed to maximize the
passband for a given frequency. It is therefore difficult to simultaneously image the different planes of Si

and Au having different lattice spacing. The problem becomes even more complex if there are randomly
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oriented nanostructures, as it would be very difficult to simultaneously image all nanocrystals at a given
focus setting. Second, in a particular image acquiring process, image settings are optimized for resolving
the fringes of a single nanocrystal. This requires aligning the electron beam with the zone axis of the
crystal structure under observation. For bulk crystalline material, this alignment is relatively easy because
the imaging is sensitive to any deviation from the zone axis. However, for nanostructures it is very
difficult to verify whether the imaging is along a zone axis.' Studies of Si and metal NPs have shown that
resolvable lattice fringes can be achieved for a wide range of tilt angles away from the zone axis resulting
in erroneous lattice spacing values.” The third problem associated with HRTEM imaging of individual
nanocrystal is image delocalization, where fringes can extended beyond the true size of the particle. This
effect can result in overestimating particle sizes and can be significant when the defocus setting is far
from optimal.’ In fact the TEM images of a two-component polymer composite NPs encapsulating Si
QDs and Au NPs, reported recently,’ were unable to confirm the presence of Si, which the authors
attributed to the low scattering factor of Si. In our work, TEM imaging and analyses were done, keeping
in mind the above limitations and the measured sizes (corrected up to the first decimal place) are reported

only when substantive confidence could be drawn from the measurements and analyses.

Finally, it may also be noted that despite the representative images we do not claim that all the
nanostructures in our sample are typical core-shell nanostructures with an Au layer surrounding the Si
QD, since besides the above shown structures we could also see regions where Si QDs are apparently

surrounded by Au NPs. Nevertheless, the core-shell nanostructures are indeed the dominant structures.
2. Peak assignment of the FTIR spectra:

The assignment of peaks appearing in the FTIR spectra of the Si QDs and the Au NP encapsulated Si QD

hybrid were made based on the information provided in Table S1.

Table S1. Typical FTIR vibrational modes and peak positions for assignment of peaks in the FTIR

spectra of different samples:
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Wavenumber (cm ) Group Mode Reference
796 Si0Si Bending 5
861 COC Symmetrical Stretching 6
926 SiH; Symmetric Deformation 7
1058 SiOSi in SiO 4 Stretching 8
1240 C—O stretch in - 9
carboxylic acid
1403 OH in carboxylic Bending 10
acid
1566 vCOOQO' in acetate Antisymmetric 11
2363 CO, - 12
3373 OH in carboxylic Stretching 10
acid

3. Reported variation of PL maxima with particle size of Si nanocrystals:

Figure S3 provides a summary of variation of PL maxima with particle size of Si nanocrystals, passivated

by different ligands, extracted from few significant reports over the past two decades.
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Figure R3: Reported variation of PL maxima with particle size of Si nanocrystals, passivated by different
ligands, extracted from few significant reports over the past two decades (T. S. Basu, Ph.D. Thesis,

BESU, Shibpur, India, 2013).
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