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ABSTRACT: HgTe nanocrystals are currently the most promising colloidal material for
infrared detection, combining broadly tunable infrared absorption and photoconductive
properties. Current syntheses lead to a limited amount of material and rely on a highly
toxic water-soluble form of Hg. Here, we explore the possibility of using Hg thiolate as Hg
source and demonstrate that the latter can be formed in situ from liquid Hg. The
developed protocol allows large masses (7 g) and highly concentrated (100 g/L)
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syntheses, which is a step forward for the transfer of this material toward industry. The

transport properties of the material have also been investigated, and we observe a transition from p- to n-type with size. We observe
that the threshold of the p-to-n switch depends on the growth method, which enables a given size of nanocrystal to form a p—n
junction. This work has great potential for the design of infrared sensors with optimized charge dissociation.

B INTRODUCTION

The ease of tuning the spectrum of colloidal quantum dots
(CQDs) from UV to the THz range' is certainly one of their
most striking properties. While in the visible range their
emitting properties have been used for applications such as
displays and light-emitting diodes,” in the infrared range,” it is
rather their absorption and photoconductive features that are
valuable to design solar cells'~® and infrared sensors.””” In the
near-infrared, PbS and PbSe'’ CQDs have reached a high level
of maturity with polydispersity down to 3%. This corresponds
to a size fluctuation of a single monolayer.'' When longer
infrared wavelengths (1 > 2 ym) are considered, HgTe has led
to the best photoconductive properties'”™" and promising
light emission'®"” in the mid-infrared and lasing'® in the short-
wave infrared.

When it comes to synthesizing nanocrystals (NCs)
absorbing above 3 um, which is critical for thermal imaging
applications, the number of available synthesis methodologies
becomes limited.'” ™" Kovalenko et al.>" proposed a synthesis
based on the in situ formation of HgTe in an aqueous medium
to overcome the difficulty of handling a gaseous precursor.
However, the material was limited to wavelengths below 3.5
pm. Later, Keuleyan et al.*>** developed an organic approach
using HgCl, dissolved in oleylamine that reacts with Te
complexed with trioctylphosphine (TOP:Te). The same group
then improved the size distribution and shape control by
replacing the TOP:Te with bis(trimethylsilyl)telluride, which
is not in the direction of reduced toxicity or easier handling.”*
Indeed, most of the previous literatures on HgTe synthesis has
focused on the use of mercury salts, where Hg is in the Hg*"
state, which is extremely soluble in water. In addition, the
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material quality and in particular the size distribution are
strongly improved by diluting the reaction medium.”” As a
result, current syntheses are conducted in diluted conditions,
and this is a key limitation to scaling-up the HgTe NCs
synthesis. It was recently demonstrated that the workforce is
the main cost relative to nanocrystal synthesis.”> In this sense,
dilute processes require more syntheses to obtain the same
amount of material and further increase workforce exposure to
heavy metals. Developing new paths which allow concentrated
syntheses of HgTe while preserving the spectral tunability in
the infrared is of utmost interest.

In this paper, we develop a new synthetic method for the
synthesis of mercury chalcogenide CQDs based on liquid
mercury as Hg source. Liquid Hg does not appear as a
common mercury source for colloidal synthesis, whereas it has
been widely used in the case of liquid-phase epitaxy as
employed for the growth of bulk HgCdTe and HgTe-based
heterostructures. In addition, to reduce the toxicity of the
mercury precursor, this procedure allows extremely concen-
trated syntheses (up to 400 mM [Hg]). The procedure is used
to produce up to 7 g of material from a single synthesis carried
out in conventional laboratory conditions (i.e., from a 100 mL
total volume). In addition, the procedure leads to broadly
tunable absorption from 1000 to 10000 cm™. Last, we
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demonstrate that the doping magnitude of the material can be
controlled by the choice of the growth procedure, enabling the
formation of p—n junction made of only one nanocrystal size.

B EXPERIMENTAL SECTION

Nanocrystal Synthesis. Chemicals. Materials included Te
powder 30 mesh (Alfa Aesar, 99.99%), Se powder (Sigma-
Aldrich, 99.99%), sulfur powder (Sigma-Aldrich, 99.99%),
bis(trimethylsilyl) sulfide (Sigma-Aldrich), (NH,),S (Sigma-
Aldrich, 20 wt % in H,0), mercury acetate (Sigma-Aldrich,
>98%), mercury chloride (Sigma-Aldrich, >99.5%), mercury
bromide (Strem Chemicals), mercury iodide (Strem Chem-
icals, 99%), iodine (Sigma-Aldrich, 99.99%), Trioctylphos-
phine (TOP, Cytek, 90%), dodecanethiol (DDT, Sigma-
Aldrich), ethanedithiol (EDT, Sigma-Aldrich, >98%), oleyl-
amine (Acros, 80—90%), ethanol (VWR, >99.8%), methanol
(VWR, >99.8%), toluene (VWR, >99.8%), lithium perchlorate
(Sigma-Aldrich, 98%), and polyethylene glycol (MW = 6 kg
mol™"). The water used was purified with a Milipore system
(182 MQ).

TOP:Te Precursor (1 M). Te powder (2.54 g) is mixed in 20
mL of TOP in a three-neck flask. The flask is kept under
vacuum at room temperature for 1 h. The atmosphere is then
switched to Ar, and the temperature is raised to 275 °C. The
solution is stirred until a clear orange solution is obtained. The
flask is then cooled down and the color switches to yellow. At
room temperature, the flask is degassed again for 10 min.
Finally, this solution is transferred to a glovebox for storage.

Mercury Thiolate Precursor. Mercury acetate (3.18 g) is
dissolved in 150 mL of water. The mercury solution is then
added to a solution of S mL of dodecanethiol in 250 mL of
ethanol. Mercury dodecylthiolate is precipitated immediately
in white powder. After decanting, the solid product is filtered
and washed several times with ethanol (150 mL). The white
powder is dried and recrystallized in hot toluene.

Synthesis of HgTe Nanocrystal from Hg Thiolate. Mercury
dodecylthiolate (0.6 g) is dissolved in 4 mL of oleylamine and
degassed at 100 °C for 10 min. Under Ar atmosphere, 1 mL of
TOP:Te (1M) is injected to the thiolate solution at the desired
temperature. The solution immediately turns from colorless to
black-brown. After 1 min, 1 mL of dodecanethiol is injected to
quench the reaction. Nanocrystals are precipitated with 10 mL
of methanol. After precipitation, the nanocrystals are
redispersed with 2 mL of chloroform and a few drops of
dodecanethiol. The previous two steps are repeated twice with
S mL of methanol. Finally, nanocrystals are redispersed in
chloroform.

Synthesis from Liquid Mercury. Liquid mercury (0.2 g) is
sonicated in 2 mL of dodecanethiol for 15 min. The solution
turns from colorless to a metallic gray. Oleylamine (2 mL) and
iodine (26 mg) are added to the mercury solution and
degassed at room temperature for 15 min. Slight discoloration
is observed during the degassing step. Under argon
atmosphere, 1 mL of TOP:Te (1 M) is injected to the
mercury solution at the desired temperature. The solution
color turns from gray to black-brown. After 1 min, 1 mL of
dodecanethiol is injected to quench the reaction. Nanocrystals
are precipitated with 10 mL of methanol. After precipitation,
the nanocrystals are redispersed with 2 mL of chloroform and a
few drops of dodecanethiol. The precipitation step is repeated
with 5 mL of methanol. Finally, nanocrystals are redispersed in
chloroform.
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Large-Scale Synthesis from Liquid Mercury. In a 250 mL
three-neck flask, 8 g of liquid mercury is sonicated in 30 mL of
dodecanethiol for 8 h. After 1.04 g of iodine and 30 mL of
oleylamine are added, the mercury solution is degassed at
room temperature for 30 min. The atmosphere is flushed with
Ar, and the solution is placed again under vacuum. At 90 °C,
40 mL of TOP:Te (1 M) is injected under vacuum to increase
the injection speed,” and the reaction is conducted for 3 min.
The reaction is quenched by adding 20 mL of dodecanethiol.
The temperature is decreased with an ice bath to room
temperature. Nanocrystals are precipitated with 40 mL of
methanol. After precipitation, the nanocrystals are redispersed
with 20 mL of chloroform and a few drops of dodecanethiol.
The precipitation step is repeated with 10 mL of methanol.
Finally, nanocrystals are redispersed in chloroform. In
summary, only 100 mL of reaction medium and 50 mL of
cleaning solvent are necessary to obtain ~7 g of short-wave
infrared-active nanomaterials.

Material Characterization. Optical Spectroscopy. Ab-
sorption spectra are acquired using a Shimadzu 3600
spectrometer for the UV visible part, while a Thermo Fischer
ISS0 Fourrier transform infrared spectrometer in ATR
configuration for the near-infrared and a Bruker Vertex 70
for the mid-infrared are used.

Microscopy. For transmission electron microscopy, we used
a JEOL 2010 instrument. The grids were prepared by drop-
casting of diluted solution of nanocrystals dispersed in hexane
and degassed overnight under secondary vacuum.

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 instrument, based on the
emission of the Cu Ko line operated at 40 kV and 40 mA
current.

Elemental Analysis Using X-ray Dispersive Spectroscopy
(EDX). For EDX analysis, the particles are spread on a
conductive carbon tape. The EDX analysis is performed by a
FEI Magellan scanning electron microscope operated at 15 kV
and 1.6 nA. The X-ray analysis is made with an Oxford probe.

Photoemission Spectroscopy. 80 nm-thick gold is evapo-
rated on a Si wafer and used as conductive substrate. The film
of nanoparticles is deposited, and the pristine ligands are
exchanged with ethanedithiol. The film is then introduced to
the preparation chamber and then degassed until a vacuum in
the 107'° mbar range is reached. The sample is finally loaded
into the analysis chamber. During the XPS measurements, the
photoelectrons are detected at normal emission. A photon
energy of 1486.7 eV (Al Ka) was used. For the photoelectron
analysis we used a 50 eV pass energy. To calibrate the system,
we shift the data to set the energy of the C 1s core level equal
to 284.8 eV. This shift is applied to all other spectra to get the
actual kinetic energy value. Then all spectra are plotted as a
function of binding energy following the formula BE = 1486.7
— cKE, where cKE is the corrected kinetic energy.

Transport Measurements. Electrode Fabrication. The
surface of a Si/SiO, wafer (400 nm oxide layer) is cleaned by
sonication in acetone. The wafer is rinsed with isopropanol and
finally cleaned using an O, plasma. AZ 5214E resist is spin-
coated and baked at 110 °C for 90 s. The substrate is exposed
under UV through a pattern mask for 2 s. The film is further
baked at 125 °C for 2 min to invert the resist. Then a 40 s
flood exposure is performed. The resist is developed using a
bath of AZ 726 for 32 s, before being rinsed in pure water. We
then deposit a S nm chromium layer and 80 nm gold layer

https://dx.doi.org/10.1021/acs.jpcc.0c01255
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using a thermal evaporator. The lift-off is performed by dipping
the film in acetone for 1 h. The electrodes are finally rinsed
using isopropanol and dried by a nitrogen flow. The electrodes
are 2.5 mm long and spaced by 20 ym.

Electrolyte Preparation. For electrolyte gating, we first
mixed 0.5 g of LiClO, with 2.3 g of PEG (Myy = 6 kg mol™") in
a glovebox. The solution is heated at 170 °C on a hot plate for
2 h until the solution gets clear. To use the electrolyte, the
solution is warmed around 80 °C and brushed on the top of
the HgTe nanoparticle film.

Thin-Film Deposition and Ligand Exchange. Ligand
exchange is performed on a solid-state film. The HgTe QDs
film is prepared by drop-casting a colloidal solution in
chloroform on 20 pm spaced electrodes. The film is dipped
in a 1-2 vol % EDT/ethanol solution for 1 min. Ethanol is
used to rinse the film after each HgTe QD deposition and
EDT ligand exchange cycle. A drop of viscous electrolyte is
deposited on the nanocrystal film. After PEG solidification, the
device is dried overnight under vacuum.

Transistor Characterization. The sample is connected to
two Keithley 2400 instruments. The first sets the drain bias (50
mV < Vpg < 500 mV) and measures the associated drain
current. The second tunes the gate bias (Vg) between —2 and
+2 V with a step of 1 mV and measures the associated gate
current. All measurements are conducted under room
conditions (temperature and pressure). A scheme of the
device is given in Figure S18.

B DISCUSSION

Current syntheses of mid-infrared HgTe NCs particularly
suffer from the low solubility of HgCl, in amines which are

-H stretch

C-H bend

Absorbance (a.u.)

o
S)

(c)
10 8 6 4 2
Wavenumber (x10° cm™)

12

Figure 1. (a) Optical and scanning electron microscopy (SEM)
pictures of mercury dodecylthiolate (Hg(DDT,)) and its use to grow
HgTe NCs. (b) TEM picture of HgTe QDs synthesized with
Hg(DDT,) at 150 °C. (c) Absorbance spectra of HgTe QDs
synthesized from 50 °C (blue) to 200 °C (orange) using Hg(DDT,)
as Hg precursor. * highlights the intraband contribution of the
absorption spectrum.

commonly used as coordinating solvent. Thus, organo-soluble
precursors of mercury are of utmost interest. Here we take
advantage of the strong affinity of Hg for sulfur to prepare
mercury thiolate as the Hg source.”” The latter is prepared by
the reaction of Hg?** salt with dodecanethiol (DDT). DDT has
been previously introduced in HgTe syntheses; however, the
. 18,28
purpose was to slow down the reaction to grow small NCs. ™
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Figure 2. (a) Image of a liquid Hg drop. (b) Optical and SEM
pictures of the solution of mercury dodecylthiolate prepared from
liquid Hg. (c) TEM picture of HgTe QDs synthesized using liquid Hg
as precursor. (d) Absorbance spectra of HgTe QDs synthesized from
50 to 200 °C using liquid Hg as precursor. * highlights the intraband
contribution of the absorption spectrum. (e) X-ray photoemission
signal, relative to the Hg 4f state, obtained from a film made of HgTe
NCs and for which the Hg precursor is liquid Hg. (f) X-ray diffraction
pattern obtained from a film made of HgTe NCs and for which the
Hg precursor is liquid Hg. The diffractogram is consistent with the
zinc blende phase of HgTe.
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Figure 3. (a) Result of a 100 mL synthesis made from liquid Hg and
leading to a highly concentrated solution of HgTe NCs. (b) Dried
powder of 6.9 g of HgTe QDs obtained with 100 mL of synthesis
solvent. (c) Absorption spectrum of the HgTe NCs obtained after the
synthesis described in panels a and b. The picture in the back is a
TEM image of the obtained HgTe NCs. (d) Comparison of mass
yield from this work to previous studies (refs 43—4S, 21, 28, 46, 22,
47,23, 48, 24, 37) assuming a total conversion of the limiting reagent

to a HgTe material.

The obtained mercury dodecylthiolate precursor is a white
powder (see Figure la) with a lamellar crystalline structure
according to X-ray diffraction and scanning electron

https://dx.doi.org/10.1021/acs.jpcc.0c01255
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Figure 4. (a) Absorbance spectra of HgSe (red) and HgS (blue) QDs
synthesized with mercury dodecylthiolate. * highlights the intraband
contribution of the absorption spectrum. TEM pictures of (b) HgSe
and (c) HgS QDs. Data relative to synthesis with liquid Hg are
reported in Figures S16 and S17.
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Figure 5. Transfer curves of HgTe QD film with excitonic feature
around 4000 cm™' synthesized with liquid mercury (a), mercury
halogenide (b), and mercury dodecylthiolate (c) with drain—source
current (black) and gate—source current (blue). (d) Mobility ratio of
electrons and holes for HgTe QDs synthesized using the three
different mercury precursors and with different confinement energies
(i.e. taken equal to the interband transition energies).

microscopy (SEM) (see Figures la and S1). The reaction to
synthesize HgTe nanocrystals (Figure 1b) is conducted using
trioctylphosphine telluride (TOP:Te) as Te source in the
presence of oleylamine. The amine is critical to obtain
nonaggregated NCs with a sharp band edge transition (see
Figure S2).

Figure lc displays the infrared spectrum of the obtained
nanoparticles with various sizes obtained for different temper-
atures of synthesis. There are three main contributions in the
spectra of these nanoparticles. (i) At large wavenumbers (i.e.,
high energy) there is a broad band absorption relative to
interband transitions (i.e. transition from valence band to
conduction band). When the reaction temperature is tuned
from 50 to 180 °C, the interband-edge energy can be tuned
from 10000 to 2000 cm™" (equivalent to the range between 1.2
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eV and 250 meV) (see Figures S3, S14, and 1c). (ii) At low
wavenumbers below 1000 cm™ (i.e., low-energy part of the
spectrum) there is a peak relative to the intraband transition.”*
This peak is observed only for the largest nanoparticles. This
absorption is the result of self-doping,””*’ which is a very
specific doping mechanism of the narrow band gap nanocryst-
als.”" Because of their narrow band gap nature and their small
nonstoichiometry (energy dispersive X-ray spectroscopy
reveals a Hg excess, see Table S1), the Fermi level can be
above the conduction band, leading to degenerate doping. In
HgTe, this process occurs only when the band gap is narrow
enough;"** as a result, only the largest nanoparticles present
this behavior. (iii) Last, the spectrum presents some sharp lines
resulting from organics, and this is mostly associated with the
capping ligands. Here dodecanethiol is the main grafted
molecule, and we observe clear signatures of C—H bond
stretch (2924 cm™'), C—H bond bending (1466 cm™), and
C—S bond at 725 cm™". CO, contribution at 2340 cm™' may
also appear because the measurements are conducted in air.

Because HgTe is a semimetal (i.e., zero band gap
semiconductor) and has a large Bohr radius®*** (~40 nm),
we can directly attribute the observed spectral tunability to
quantum confinement: NC size is tuned from 3 to 25 nm by
changing synthesis parameters (see Figures 1b and $4).
Obtained NCs have a zinc blende lattice (Figure SS) and are
cation-rich according to energy dispersive X-ray spectroscopy
(see Table S1).

‘While mercury thiolate appears as a promising route, we aim
to use this strategy to reduce the toxicity of the protocol.
Commonly used Hg®" salts are strongly water (and then
blood) soluble, which is not the case for liquid mercury.”* In
the following, we propose a synthetic procedure where the
mercury thiolate is prepared in situ from liguid mercury. We
sonicate liquid Hg in DDT for several hours™ and then obtain
a mixture of mercury thiolate crystals and colloidal liquid Hg*®
(see Figures 2a,b and S7).

If the reaction toward HgTe NCs is conducted from this
mixture, we collect a significant amount of colloidally unstable
material. The reaction leads to the formation of a HgTe
nanorod array (see Figure S8 and S9). The addition of iodine®’
in the reaction medium favors the formation of the stable
fraction (see Figure S10). In this case, iodine is expected to
behave as an oxidizing agent for Hg" toward Hg*"."” This
method allows a broad tuning of the band-edge energy from
8000 to 1000 cm™' for interband transitions and up to 500
cm™ for intraband transitions (see Figures 2d and S11). The
obtained NCs have a nonspherical shape (see Figures 2c and
S12).

There are two important details that remain to be revealed
about this procedure, including the crystallinity and the actual
redox state of Hg. We confirm that obtained nanoparticles are
crystalline with a zinc-blende atomic lattice (Figure 2f). It is
worth mentioning that EDX also confirmed that the formed
NCs are cation-rich. Using photoemission spectroscopy (see
Figures 2e, S6, and S13), we observe a single contribution for
the Hg 4f state. The binding energy of the Hg 4f,, is
determined to be 100.3 eV, which is consistent with the +II
redox state of Hg. Within the photoemission resolution, we can
thus exclude the presence of metallic Hg in the final material.

A second key advantage of this approach based on liquid
mercury is the possibility of conducting highly concentrated
syntheses leading to several grams of NCs per experiment.** A
significant effort has been conducted to achieve gram-scale
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Figure 6. (a) Absorption and photocurrent spectra of HgTe nanocrystals obtained from liquid Hg synthesis. (b) I-V curve from a thin film of
HgTe nanocrystals obtained from liquid Hg synthesis after EDT ligand exchange. The inset provides the temperature dependence of the current for
a thin film of HgTe nanocrystals obtained from liquid Hg synthesis. The red curve is an Arrhenius fit of the data revealing an activation energy of
226 meV. (c) Current as a function of time for a thin film of HgTe nanocrystals obtained from liquid Hg synthesis under illumination by a 1.55 ym
laser turning on and off. The laser in the on state corresponds to the gray part of the graph.

synthesis for PbS,****~*' but this effort was still lacking for
HgTe, which has been identified as a major limitation toward
industrial transfer of mid-IR NCs.** Here, we have been able to
develop a procedure which allows the synthesis of 7 g of HgTe
NCs out of 100 mL of reaction medium and which used only
50 mL of solvent for two steps of cleaning (see Figures 3a,b
and S15). The obtained material, observed by TEM, presents
similar shape and absorption features as the material
synthesized with a reduced quantity of precursors (see Figure
3c). The final concentration of NCs in the reaction medium is
around 100 g-L™", which is by far the largest value reported for
HgTe (see Figure 3d).

It has been previously discussed by Livache et al.** that the
introduction of a 1 cm” large infrared sensor in every car sold
in Europe (20 million/year) will require the synthesis of S0 kg
of HgTe nanocrystals. Such an amount also includes 90% of
waste (from spin coating) at the fabrication steps. Previous
HgTe nanocrystal methods were incompatible with mass-scale
production leading to such amounts. Here we have been able
to obtain 7 g from less than 100 mL of reaction medium. If we
assume that an operator works around 200 days/year, a simple
benchtop setup can already lead to 1.4 kg/year. In SME
companies, the use of a large glass reactor is now well-
established. The amount of 50 kg can potentially be fully
produced from a single 30 L reactor.

The developed strategy based on Hg thiolate and in situ
formed Hg thiolate is not limited to HgTe and can be
extended to other chalcogenides (i.e., HgS and HgSe) (see
Figure 4b,c). As for previously reported syntheses, the spectra
of HgS”” and HgSe’""” present an intraband feature in the
mid-infrared (see Figures 4a, S16, and S17). It is worth noting
that the chalcogenide precursors cannot be TOP:S and
TOP:Se, and we rather use (NH,),S and Se in oleylamine
and DDT for the synthesis of HgS and HgSe, respectively.

To demonstrate the potential of this new material for
optoelectronic applications, we probed their transport proper-
ties in a field effect transistor.”” We used an ion gel electrolyte
configuration, see Figure S18 for a scheme of the setup.”’ The
large capacitance of the electrolyte allows us to broadly tune
the relative position of the Fermi level with respect to the band
over several hundred meV, which is similar to the band gap
value of this material. As a result, it is possible to achieve both
hole and electron injection in this material. Consequently, all
materials appear ambipolar; we nevertheless observe a clear

8427

change in the ratio of hole versus electron conduction with the
growth method.

It was previously demonstrated® that HgTe NCs show a
transition from p-type to n-type as size (and confinement) gets
increased (respectively reduced). We have measured the
transfer curves of HgTe NC-based transistors with various
sizes for the three types of synthesis based on (i) HgCl,, (ii)
Hg thiolate, and (iii) liquid Hg (see Figures S19—S21). They
do present, as expected, a transition of the conduction from p-
to n-type as the NC size is increased (see Figure 5d). Note that
such transition is also consistent with the appearing of the
intraband contribution in the infrared spectrum of the largest
nanoparticles, which indicates a stronger doping magnitude.

However, the threshold of this transition varies from
synthesis to synthesis. For a given size, the synthesis based
on liquid Hg tends to be more n-type, while the one based on
thiolate is more p-type (see Figure Sa—c). Because we observe
from photoemission no trace of Hg’, we can exclude that the
change of doping is the result of a change of the Hg redox
state. Alternatively, we can speculate that each growth
condition affects the facet which is the most present on the
nanocrystal surface. This leads to small modification of the
surface Hg excess and finally tunes the doping.

In the last part of the paper we discuss the use of this
material (HgTe prepared from liquid Hg) for infrared sensing.
We synthesize particles with a band gap of 4900 cm™ (600
meV) corresponding to absorption in the extended short-wave
infrared (see Figure 6a). Once the material is processed under
thin film and the ligands are exchanged for ethanedithiol
(EDT), the band-edge energy remains almost unchanged, but
the feature gets broader. Transport in HgTe nanoparticles
connected to gold electrodes appears to be ohmic (see Figure
6b). More striking is the temperature dependence of the
material, which presents a large decay of the film conductance
upon cooling (see the inset of Figure 6b). An Arrhenius fit of
the current leads to an activation energy of 226 meV. This is
quite close to half the value of the optical band gap (600/2 =
300 meV), which suggests a quasi-intrinsic nature for the
semiconductor. It is also worth noting that this value is also
much larger than the one obtained for HgTe nanoparticles
resulting from the mercury halide precursor. In the latter case,
the activation energy is 150 meV for a band gap of 720 meV>*
(6000 cm™) or 114 meV for a band gap of 500 meV>’ (4000
cm™"). Last, the time response of the sample has been tested
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under illumination by a 1.55 um laser diode (see Figure 6c).
Turn-on time has been estimated to be 21 us. For the decay
time, we observe two components: a fast one around 3 ys and
a longer one at 153 ps. All characteristic times remain
compatible with fast imaging.

B CONCLUSIONS

We propose a new synthetic strategy for the synthesis of
mercury chalcogenides NCs. The method relies on the use of
Hg thiolate as the Hg source. We demonstrate that the Hg
thiolate can be prepared in situ from liquid mercury. This
approach can be used to obtain highly concentrated NCs
solutions (~100 g-L™"). A significant amount (7 g) of infrared
NCs can be obtained from an extremely reduced reaction
volume. In comparison to conventional HgTe synthesis, the
method reduces the exposure of the workforce to hydrophilic
mercury species and drastically decreases solvent consumption.
The procedure can be extended to HgS and HgSe. The
transport properties of the obtained HgTe have been tested in
a transistor configuration, and we observe a transition from p-
to n-type with size. The size threshold is strongly dependent
on the way the NCs are grown. This is promising for the
design of p—n photodiodes with enhanced photocharge
dissociation. Another promising direction will relate to the
use of amalgam. Many noble metals can be mixed in liquid
Hg;”" this approach may be used to further control the doping
of the nanoparticles through the introduction of impurities
with redox states different from +II. Last, we have tested the
potential of this material for IR sensing and demonstrate
performance similar to that of previously reported syntheses.
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