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1. Characterization of mercury chalcogenide nanocrystals

1.1. X-ray diffraction of mercury chalcogenide nanocrystals
X-ray diffraction was used to determine the crystal structure of HgTe and HgSe. Both materials have

a zinc-blende structure, see Figure S 1.
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Figure S 1: X-ray diffraction pattern for a thin film of HgTe (a.) and HgSe (b.) nanocrystals.

1.1. TEM image of HgSe nanocrystals

Figure S 2:

Transmission electron microscopy image of HgSe nanocrystals functionalized with AZBs.

S2



1.2. Electronic structure of mercury chalcogenides nanocrystals

To determine the electronic spectrum of a material in absolute energy scale (i.e. vs vacuum), we use a
combination of X-ray photoemission (done on Tempo beamline of synchrotron Soleil) and infrared
spectroscopies. The low binding energy part of the photoemission spectrum is used to reveal the
position of the valence band with respect to Fermi level, see Figure S 3a. The conduction band is
determined with respect to the valence band using the absorption optical band gap. While this
procedure is straightforward in the case of HgTe, see Figure 1, we have to proceed differently for HgSe.
The degenerate doping of HgSe makes that the interband transition is initially fully bleached and only
the intraband transition is observed, see Figure S 3b. After a ligand exchange procedure toward S*
ligands, the interband edge can be observed with infrared absorption. The energy of vacuum level with
respect to Fermi level is revealed by the cut-off of the secondary photoelectrons, see Figure S 3c.
Finally, we can propose a full energy diagram on Figure S 3d

H
1 i
~10° 5 :
3. [}
© © i
= 2 :
£ g 1
D2 pam 3
» 10”4 o g !
%) : 8 £
< % |
i
1 s By -
10 T T T T T T T 1 T . T T T T
4 3 2 1 0 6000 4000 12000
Binding energy (eV) Wavenumber (cm ')
1 I 1 I T T 7
| d
E 4,3 - pe— vacuum =
3. ] i
-} I — X ~ . | L
s o - -
s 5 e 1
s I n ,0 4 7Y ‘ .
e ! kS i ot 15 e
(®)) 1 o) L Nl e F
‘» | o) A ;
| c =g | 2
g | O g5 &1 2 i i
> i o) ' i €1
| > ¢ *'
i —l 1Sh
0- I 1 1 1
3,5 4,0 45 5,0 id

Kinetic energy (eV)

Figure S 3: a. Low binding energy part of the photoemission spectrum of HgSe nanocrystals, used to
determine the energy of valence band with respect to Fermi level which energy has been set to 0 eV. b.
infrared spectrum of HgSe nanocrystals with dodecanthiol (DDT) and S* as ligands. c. Cut off of the
secondary photoelectrons used to reveal the work function of an HgSe nanocrystal film. d.
reconstructed electronic spectrum of HgSe NCs film.
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2. Characterization of thiol functionalized azobenzenes (NMR)
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Figure S 4: *H NMR (CDCls, 400 MHz) of compound 3; * residual solvent pick.
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Figure S 5: 3C NMR (CDCls, 100 MHz) of compound 3.
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3. Azobenzene functionalized mercury chalcogenide nanocrystals
We have checked switching ability of the AZB after grafting on the NC surface. Figure S 6a shows the
UV-vis absorption spectra in ethanol. The cis configuration was obtained after UV exposure and was
converted back to the trans configuration either by thermal heating or illumination in the visible range
(460 nm). After their grafting onto the HgSe surface, we can observe a strong change of the absorption
spectrum. Especially after visible exposure, we can observe a very intense band in the UV associated
with the trans configuration of the AZB.
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Figure S 6: a. Absorption spectra for AZB dispersed in ethanol in cis and trans configuration. The trans
configuration present a strong absorption band in the UV. b. Absorption spectra for AZB grafted onto
HgSe NC in cis and trans configuration. The trans configuration present a stronger absorption band in
the UV than the cis configuration.
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Infrared spectroscopy revealed the structure of the AZB-functionalized NCs. AZB presents a series of
narrow peaks in the 1500-1000 cm™ range, see Figure S 7a, that are also clearly present on the NCs,
see Figure S 7b and c. In addition, HgTe present a broad band signal at low energy associated with
interband absorption, while HgSe present a strong peak at 2500 cm™ due to intraband absorption.
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Figure S 7: Infrared spectrum of AZB (a.), AZB grafted HgTe NCs (b.) and AZB grafted HgSe NCs (c.)
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4. Transport properties of AZB capped nanocrystals

The effect of the ligand on the |-V curve is clearly shown in Figure S 8a and b. |-V curve are more linear

and the material is more conductive with shorter ligand (ethanedithiol: EDT) that with AZB.
Nevertheless, AZB capping is compatible with transport. Interestingly we can use the transfer curve

(Figure S 8c and d) to evaluate the difference of mobility of the two materials. AZB leads to carrier

mobility typically 50 times smaller than EDT. With both capping ligands the material is ambipolar on
the other hand we clearly see that the hole conduction (current under negative gate bias) is more
prominent using AZB compared to EDT. This suggest a stronger p-type character of HgTe capped with

AZB.
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Figure S 8: 1V curve for HgTe nanocrystal capped with EDT ligands (a.) and capped with AZB (b.).
Transfer curve (drain and gate current as a function of gate bias) for HgTe nanocrystal film capped

with EDT (c.) and AZB (d.).



Estimation of the mobility

HgSe nanocrystals with the same size have been widely investigated. Especially from transport
measurement®? and photoemission measurement®* we have determined their carrier density to be 2

carriers per NC. Then once the carrier density (n) we can determine the carrier mobility (1) using p =

eTJl—F with j the current density, e the elementary charge and F the electric field. This allow us to

determine p = 2.5x10° cm?V!s! for AZB grafted HgSe. As the mobility is mainly driven by the inter-
nanocrystal length®, we can assume that HgTe NC have the same mobility. Compared to more
conventional ethanediothiol ligand this is at room temperature.

5. Reference sample without azobenzene
For a sake of comparison, we have measured the effect of UV and blue illumination on HgTe sample
without azobenzenes. Here commonly used dithiol (ethanedithiol) is used for the ligand exchange and
make the film conductive. In this case we do not observe any persistent modulation of the dark current
after the illumination, see Figure S 9.
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Figure S 9: Drain source current of an HgTe capped with ethanedithiol film as a function of time. UV
(A=365 nm) or blue light (A=460 nm) is shone on the film during the intervals highlighted with purple
and blue rectangles respectively.
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6. Cycling of HgSe capped with AZB
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Figure S 10: change of dark current after a series of UV and blue illumination for a thin film of HgSe
nanocrystal capped with AZBs.
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