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Appendix A

Validation of experimental

procedure

A.1 Luminescence standard

The experimental scheme to determine absolute QY of PL is generally considered
to yield more reliable results than the often used comparative method, where rel-
ative QY of PL is calibrated against a “standard”, since it circumvents occurrence
of artifacts introduced by scattering and spectral differences in refractive indices.
The investigated samples were independently measured in two different labora-
tories (WZI and ChU), with three distinct excitation sources: a pulsed tunable
OPO laser system, a Xenon lamp, and a set of LEDs. In every measurement the
samples were excited in low-flux regime, with the average number of absorbed
photons per NC being well below 0.1, so that multiphoton absorption by a sin-
gle NC was excluded. Every setup was calibrated for its spectral response with
deuterium- and tungsten-based light sources. The validity of the used method
and performance of the systems was tested with standard fluorescence sample of
Rhodamine 6G in ethanol, which has an external QY of 0.94 [156]. The results
of these tests can be seen in Fig. A.1 for the OPO and LED pumped systems,
where the corrected differential spectra are shown. In both cases the QY is given
by the ratio of the area of PL (right side) and that of the excitation light (left
side). Results for both systems show good agreement with the literature value,
a maxium relative error for QY of ∼5% has been established.
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(a) OPO (b) LED

Figure A.1: Test experiment performed on Rhodamine 6G suspended in ethanol
on system with OPO excitation (left) and LED excitation (right)

A.2 PL QY determined by comparative method

The principle of this method is to find the ratio between the number of emitted
photons and number of absorbed photons which can be converted to an abso-
lute QY using a measurement of a well known emission standard under identical
conditions. In these experiments the properties of po-Si powders dispersed in
ethanol and Rhodamine 6G in ethanol were compared. PL spectra (excitation
and emission) were acquired using a fluorescence spectrometer Horiba Jobin-Yvon
Fluoromax 3 and Fluorolog 3 in a right angle configuration, where the samples
were contained in 1×1 cm quartz cuvettes. Absorption spectra were measured
with a double beam spectrometer Specord 250 using a clean solvent as a reference
sample. In order to correctly account for differences in the spectral shape between
po-Si and Rhodamine 6G, the PLE spectra were not measured directly. Instead,
the measured luminescence spectra were corrected and integrated for each excita-
tion wavelength. The final equation for calculation of the relative quantum yield
has the form:

η(λex) = Const.

fullspectrum∑

n=1,...k

In
s (λem)Cs(λem)n2(λem)e−αS+Ad2λem

In
s (λex)CR(λex)e−αS+A(λex)d1 [1− e−αA(λex)dA ]λex

,

(A.1)
where the relative quantum yield for each spectral step is calculated using steps
equal to the spectral bandwith set by the multichannel detector, see Fig. A.2. In
Eq. (A.1) the labels are:

• η ... quantum yield [unit]
• λex, λem ... wavelength of excitation and emission [nm]
• IR(λex), IS(λem) ... signals at detectors R and S [mV] resp. [counts]
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• CR(λex), CS(λem) ... spectral response correction for signals R and S [(W/m2/nm)/mV]
resp. [(W/m2/nm)/counts]

• αS+A(λ), αA(λ) ... absorption coefficient, including losses by scattering, or
only absorption [cm−1]

• n(λ) ... relative refractive index of sample (for low concentration dispersed
NCs or diluted dye this is given by the refraction index of solvent) [unit]

• d1, d2, dA ... distances between the input cuvette edge and the edge of
detected volume, between center of detected volume and the output cuvette
edge, and the length of detected volume [cm] (See Fig. A.2)

The relative QY of a standard sample (R6G ethanol solution) must be measured
under identical conditions and calculated using the same equation. The R6G
absolute quantum yield was considered to be 94 % in ethanol under 488 nm
excitation [156]. The absolute external quantum yield of investigated po-Si sus-
pension is obtained by dividing its relative QY by the relative QY of R6G and
by 0.94. The summary of the experimental results is given in Fig. A.3.

(a) Setup (b) Scan

Figure A.2: Illustration of the experimental conditions under which fluorescence
spectra were obtained. (a) Schematics of the experiment indicating the relevant
distances for sample cuvette and detector position. (b) Indication of the k-steps of
the detection spectrometer slit over the luminescence spectrum. The bandwidth
is equal to the step length.
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Figure A.3: Top panel: Corrected PL spectra of the po-Si sample for different
excitation wavelengths indicated on the left-hand side. The PL band around 680
nm dominates, while there is a negligible contribution from blue and ultraviolet
regions. The red dots indicate the integrated PL signal as function of excitation
photon energy and the dashed blue line indicates the absorption spectrum cor-
rected for scattering. Bottom panel: Comparison of the spectral dependence of
the absolute QY of the po-Si sample measured using the integrating sphere and
by calibration of relative PL QY to that of Rhodamine 6G. Qualitatively there
is a good agreement of absolute external QY.




