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Setup methodology of correlative optical microscopy with

AFM

The major challenge of the correlative AFM and PL microscopy is the nanometer precision
alignment of the optical microscopy system with the coupled AFM system, to allow mea-
surement of one and the same single Si-NP in both systems simultaneously. For this, we
use purely optical correlation, where we align the coordinates of both microscopes in several
steps. First, alignment of the tip is done using a 20x objective lens. The area scanned by the
tip can be at this stage roughly aligned with the field-of-view (FOV) of the optical imaging
system by allowing the tip to move along the scanning area’s boundary, where the movement
of the tip is visible on the CCD detector. Independent tip and sample scanning modes allow
us to move the tip independently with respect to the imaging objective lens. To calibrate
the orientation, positioning, and size of the scanned FOV areas in both systems, we measure
first a reference cross with 10-um features (Ted Pella, Inc.). The major challenge arises due
to the manual placement of the AFM tip, which is not reproducible with high precision.
Also, switching from the 20x objective lens, used for the rough tip alignment, to the 100x
objective lens, used for the spectroscopy, introduces an uncertainty between coarse and fine
alignment of about | 3 um due to a shift in the focal plane and poor visibility of the large
AFM cantilever in the smaller FOV. However, since the operation range of the TAO stage
is 100x100 pm?, we can re-align the position of the 80x80 pum? optical FOV comfortably.
Thus we adjust for the j 3-um error. An alternative solutions could be pre-patterning of
the substrate, however, such procedure would be expensive and would only introduce laser
scattering and possibly mechanical damage to the originally smooth substrate, which could

result in undesired emission background.
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Additional spectroscopy data
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Figure S1: Extinction (blue line) and PLE (red line) spectrum of the Si-NPs dispersed in
toluene. PLE is measured for PL peak at 813 nm (1.53 eV). Inset: PL spectra of Si-NPs
ensemble excited by a Xe lamp at 405 (3.06 eV, orange line), 445 (2.79 eV, purple line)
and 487.5 nm (2.54 eV, green line) in the PLE setup. PL spectra peak at 809 (1.53 eV),
813 (1.53 eV) and 816 nm (1.52 eV), respectively. The gray region shows the discontinuity
caused by switching between two different gratings in the detection spectrometer.
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Figure S2: Tauc plot for the absorption plotted for the indirect allowed transition parameters.
Linear fit of the band-edge data gives optical bandgap onset at 2.21+0.01 eV.
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Figure S3: PLE contour map illustrates the weak dependence of the PL spectrum on the

excitation wavelength. data are measured with excitation step of 5 nm between 300 nm and
500 nm.
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Figure S4: 50 single-NP PL spectra, fitted by a single Gaussian peak function.
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Figure Sh: Histogram of the single-NP PL spectra FWHM with the mean at 2054+43 meV
obtained from fitting with Gaussian peak function.
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Figure S6: Time resolved PL signal of two Si-NP clusters measured without spectral resolu-
tion. Data are fitted by a stretched exponential function, giving mean lifetimes of 36.9£0.41
and 29.140.45 s for the two clusters (named sample 1 and 2, respectively).

Multiplication factor (unitless)

0.025

0.020

0.015

0.010

0.005

1.5

1.7 1.8 1.9 2.0
Photon energy (eV)

1.6

Figure S7: The single-dot spectra were implemented by the correction curve which was
measured by a standard calibration tungsten lamp (Newport Corp.) with 100x oil objective,
445nm dichroic mirror, 2um slit width, central wavelength at 750 nm, and 300g/mm grating

blazed at 750 nm.
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Figure S8: PL spectra of the sample measured in this work (named 'VD13’ in the graph),
measured in 2012 under excitation of 380 and 451 nm by a Xenon lamp in our custom built
quantum yield (QY) setup. The QY was evaluated to be over 70% at the time.



Size estimation
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Figure S9: (a) The AFM scan of an empty quartz slide, cleaned by a water-diluted Hellmanex
[T solution. The scanning area is 10x10 pm?. (b) The height histogram obtained from
the AFM scan showing average height and root-mean-square (RMS) roughness of 0.0 and
0.28 nm, respectively.

Additional size evaluation could be done using XRD and Raman spectra analysis. Both
methods are indirect, unlike the STEM and AFM, and do not resolve the amorphous shell
thickness. Also, for small Si-NPs, more coherent synchrotron radiation XRD source should
be used instead. In general, ror the XRD, various models can be used, such as Scherrer’s
equation® or Williamson-Hall equation,? where the latter is more precise, as it separates
strain and NP size. By these methods we retrieve the mean size estimations of 17 nm and
14 nm, respectively. This is in great disagreement with the STEM, AFM and optical data
we have. Interestingly, a great disagreement between the sizes estimated from TEM and
XRD was observed also in study by Thiessen et al.,® with the greater difference for the
Si-NPs with the higher amorphous content. An alternative, but also imprecise and indirect
approach, is to use Raman spectra and the phenomenological model by Ritcher, Wang, and
Ley (RWL model).* In this model, the size of the crystalline part of the NP is deduced from
the bulk crystal peak shift and FWHM broadening. The estimate for the crystalline core

we obtain to be 1.5-2.0 nm, which is surprisingly in line with what we expect in relation to

S-7



40

30F
g
3 20t
(@]
10F
0 /{\ e
2 4 6 8 10 12
Size (nm)

Figure S10: Histogram of Si-NPs sizes obtained from STEM measurement with the mean of
6.9+1.6 nm.
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Figure S11: Raman spectra of two small Si-NP clusters depict the phonon vibration modes
from crystalline Si (green line) and amorphous Si (red line) are at (a) 510.9 and 493.8, and
(b) 511.8 and 495.7 cm ™!, respectively.

S-8



600 .

(111)

=

c

5

o 400 .

e

©

N

>

=

£ Q)

2 S

£ 200} o -
)

10 20 30 40 50 60 70 80 90
20 (degree)

Figure S12: XRD spectrum of the ensemble of Si-NPs.

the analysis presented in® on a similar material. However, the RWL model was previously

criticized® with respect to Si-NPs as well.
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