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1. Material characterization

For scanning electron microscopy, we dropcast the solution of CQD onto a doped Si substrate. Imaging is
conducted using a FEI Magellan microscope. For imaging, we typically operate the electron beam with a 3
kV bias and a low 6 pA current. Energy dispersive X-ray spectroscopy is conducted in the same instrument

using an Oxford probe.
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Fig. S$1: Size distribution considered in the calculation deduced from scanning electron microscopy images with an
average size of 90 nm, in agreement with X-ray diffraction data.

Diffraction: X-ray diffraction pattern is obtained by drop-casting the solution of nanocrystals on a Si wafer.
The diffractometer is a Philips X Pert, based on the emission of the Cu Ka line operated at 40 kV and 40 mA
current. The diffraction pattern given in Figure S1 is consistent with the zinc blende phase of HgTe. Due to the
significant variation in particle shape and the tendency of the particles to aggregate, we analyse the X-ray
diffraction line width using the Debye—Scherrer equation to calculate a mean size of the NCs. A mean size of
L=90 nm is extracted from the analyse of the X-ray diffraction line that is consistent with the small particles

observed by electronic microscopy.

2] _ '
w7 (] 7
S S ]
-—
£ p— ]
o] o i
<] S <
] S 3
20 30 40 50 80
26 (°)

Fig. S2: X-ray diffraction pattern of large HgTe NCs.
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Raman spectroscopy is carried out with a Labram HR800 (Horiba Jobin Yvon) spectrometer equipped with
edge filters and coupled with a confocal microscope. The exiting beam was blue 458 nm line from an Argon
Laser (Innova 90C-6 from Coherent). The confocal hole, which in our setup also acts as a spectrometer
entrance slit, and was fixed at 200 pm. The x100 objective was used to probe the HgTe powder. Spectra are
recorded between 50 and 400 cm™ with a 1800 lines/mm grating resulting in a resolution of 1 cm™.
Spectrometer calibration was set using the 520.5 cm™ band of a Si crystal. The effective laser power at the
exit of the objective was between 2 and 4 mW.
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Fig. S3: Raman spectrum of a thin film made of large HgTe NCs.
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2. |-V characterization
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Fig. S4: |-V curve of a thin film made of large HgTe NCs at various temperature.
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3. Extraction of the complex refractive index H ¢ (w) of the composite film

The calculation of the THz electric field propagation across the two samples links the amplitude transmittance
to(w) to the complex refractive index figg(w) of the composite film. For this calculation, we do not include
multiple reflections in the Si substrate as we perform a temporal windowing to exclude the echo from substrate
reflections. Indeed, as the thickness of the silicon substrate is 285 um (corresponding to an echo time delay of

~6.5 ps), we limit our temporal window to 6 ps after the main peak. The spectral amplitude transmittance is
expressed as:

4fepr(w) (1 + ng;)
(1 + Aggr(w)) (Aegr(w) + ng;)

1

HORpeS .0
to(w) = FPOIS(m)e‘Ed(neff(“))—l)eIEAdsub(nsi—l)

with FPy;s(w) = o> the multiple backward and forward reflections in the composite film, ry;and

2i—d
1-roirige” ¢ 1

rys the amplitude reflection coefficient at the interface air-film and film-Si respectively, ns: the refractive index
of the Si substrate, d=13.2 pm the thickness of the composite film, Adg,}, is the Si substrate thickness
difference between the two samples, o is the angular frequency and c is the speed of light in vacuum. We
calculate the complex refractive index figgr(w) by minimizing the error function defined by 8(negf; Kerr) =
sz + 8(P2 with  8p = In(|tieo(@)]) —In(Jtpea(w)) and 8¢ = arg(’ftheo((fo)) - arg(fmea(w))
(https://thz.yale.edu/resources).

Note that, in the THz-TDS measurements, we employ time-windowing and limit the recording temporal
window to 6 ps after the main peak to eliminate the echoes from the multiple reflections within the 285 um

thick silicon substrate (corresponding to a first echo time delay of 6.5 ps).
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4. Permittivity including thermal average effects

To link the permittivity calculated here to the standard permittivity reported for small size NCs, we use
the relation between the matrix elements of position and impulsion (for n£m): |Zn’m| = |h P)nm/[ms(E, —
En)]| and the general relation Y; ). juij=1/2) %% ]-(ul-, it uj,i) for a double-index summation, to
transform the equation for X (@) into :

2
Xintra(®) = ﬂz Z Z Frit = Fnk |(pz)n,m|
intra & mZZ L3 E,—E, (En _ Em)z _ (ha) + i)/)2

n m#n k|l

It is also worth to notice that for low damping this latter formula can be further rewritten as

2
e fnm
(W) = €5 + X5 w=8m+—g E EF - F — : -
( ) thra( ) £ mz 13 [ nk,l m,k,l] wrzl,m — w2 —iwl

n m=#n k|l

where @y, ,, = (E, — E),)/h is the frequency of the oscillator corresponding to the (n,m) transition and
-2 |(pz)n,m|2
mg  En—Enm
transition. Except for the factor ), k,l[Fn,k_l - Fm,k_l], this expression reproduces the expressions reported in the
literature for small size NCs [S1-S7], which therefore our model generalises to account for the unavoidable
thermal average effects in intermediate and large size NCs.

I'=2y/h its damping frequency, and f,,, = the oscillator strength corresponding to this
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