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1. Synthesis of HgTe from mercury thiolate 
 

1.1. Formation of mercury thiolate 
The procedure for the preparation of mercury thiolate relies on the reaction of Hg2+ ions with 
DDT, see the procedure in methods. The obtained material has a lamellar structure, as shown 
by the periodic peaks observed on the X-ray diffractogram, see Figure S 1A. After 
recrystallization, remaining ethanol, leading to a broad peak at 3300 cm-1 in the infrared 
spectrum is removed, see Figure S 1B. The recrystallization procedure also increases the size 
of the mercury thiolate crystals, see microscopy image in Figure S 1C and D, and leads to a 
better packing of the DDT chains, see Figure S 1E. 

 

Figure S 1 Diffraction profile of as-synthesized and recrystallized mercury dodecylthiolate (A). 
FTIR absorbance spectrum showing O-H stretching vibration due to remaining solvent within 
the lattice in black and the spectrum after recrystallization in red (B). SEM picture of raw (C) 
and recrystallized (D) mercury dodecylthiolate crystals. Molecular scheme of mercury 
dodecylthiolate lamellar phase (E). 
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1.1. Role of amine in the synthesis 
The presence of amine in the reaction medium has been found to be critical to obtain defined 
excitonic feature. The IR spectrum, in Figure S 2A presents a sharper infrared transition in 
presence of oleylamine. TEM images, see Figure S 2B and C, also show that the material is less 
aggregated in presence of amine. 

 

Figure S 2 Absorbance spectra of HgTe nanocrystals synthesized with Hg(DDT)2 at 150°C 
without and with oleylamine (A), and their corresponding TEM pictures (B) and (C), 
respectively. 

 

1.2. Spectral tunability of the mercury thiolate based HgTe nanocrystals 
synthesis 

While keeping the reaction time constant (1 min) and tuning the temperature of the synthesis 
from 50 to 180 °C it is possible to tune the energy of the infrared excitonic feature from 10000 
to 2000 cm-1. Reaction at 200 °C leads to even larger nanoparticles, in this case the interband 
feature gets broader and an intraband absorption appears at 700 cm-1, see Figure S 3. 
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Figure S 3 Absorbance spectra of HgTe nanocrystals synthesized with Hg(DDT)2 at various 
temperatures. 

 

The spectral tunability is clearly the result of a size change, as expected from a strongly 
confined material such as HgTe for which the Bohr radius is 40 nm.1 By tuning the reaction 
temperature from 50 to 200 °C, the size of the nanocrystals increases from 3 to 25 nm, see 
Figure S 4. 
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Figure S 4 TEM pictures of HgTe nanocrystals synthesized with Hg(DDT)2 at 50 °C (A), 100 °C 
(B), 120 °C (C), 150 °C (D), 180 °C (E), and 200 °C (F). 

 

The obtained nanocrystals have a zinc blende structure, see Figure S 5. 

 

Figure S 5 XRD profile of HgTe nanocrystals synthesized with Hg(DDT)2 at 200 °C. 
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Energy dispersive X-ray spectroscopy reveals that the material tends to be cation-rich. The 
smaller the nanoparticles, the larger the cation excess, see Table S1. 

 

Table S1 EDX analysis of HgTe nanocrystals synthesized with Hg(DDT)2 at various 
temperatures. 

 50 °C 100 °C 120 °C 150 °C 180 °C 200 °C 
Te 46.5 47.2 46.9 47.9 49.2 49.4 
Hg 53.5 52.8 53.1 52.1 50.8 50.6 

 

The photoemission spectra reveal contribution from Hg, Te and carbon atoms, see Figure S 
6A. The Hg 4f core level shows only one contribution as it fits well a single Voigt model. The 
binding energy for the Hg 4f 7/2 is 100.3 eV. 

 

Figure S 6  Photoemission overview from a HgTe nanocrystal film, made using the Hg thiolate 
precursor. (A) Photoemission spectrum of the Hg 4f core levels from a HgTe nanocrystal film, 
made using the Hg thiolate precursor. (B) 
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2. Synthesis of HgTe from liquid mercury 
In a second step, we aim to develop a synthetic procedure which does not involve mercury 
salts, while still leading to mercury thiolate. We develop a strategy to synthetize in situ the 
mercury thiolate from liquid mercury. 

 

2.1. In situ formation of mercury thiolate from liquid mercury 
Sonication of liquid Hg in presence of DDT, leads to the formation of a dark mixture, made of 
mercury thiolate and colloidal mercury (i.e. micron size mercury droplets), see SEM images in 
Figure S 7A and B. The X-ray pattern confirms the presence of these two phases, see Figure S 
7C. The periodic structure presents a very similar period as the one measured from non-
recrystallized mercury thiolate. In addition a second broad feature around 2θ≈33° is attributed  
to liquid mercury diffusion.2 

 

Figure S 7 SEM pictures of the liquid mercury precursor. (A) shows the colloidal mercury 
droplets and (B) can be attributed to the mercury thiolate. (C) is the corresponding diffraction 
profile. 
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2.2. Role of iodine in the HgTe nanocrystal synthesis from liquid Hg 
If the mixture obtained from sonication of liquid mercury with DDT is used to replace the 
mercury thiolate to synthetize HgTe nanocrystals, the obtained infrared spectrum is very 
poorly defined. An excitonic feature can be guessed at 5000 cm-1, but the baseline is very high, 
see Figure S 8A. The solution is actually composed of two phases that can be split by 
centrifugation. The stable phase is made of small quasi spherical nanocrystals, see Figure S 9A 
and B. This phase is the one leading to an excitonic feature at 5000 cm-1. The second phase is 
colloidally unstable and responsible for the infrared absorption up to very long wavelengths, 
see Figure S 8B. Interestingly this phase is made of an array of connected nanorods, see TEM 
in Figure S 9C and D. 

 

Figure S 8 Absorbance spectrum of HgTe nanocrystal made with liquid mercury at 50 °C without 
iodine (A). Absorbance spectra corresponding to the same materials after centrifugation (B). 
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Figure S 9 TEM pictures of HgTe nanocrystals corresponding to red and blue spectra in Figure 
S 8 (B) for (A,B) and (C,D), respectively. 

 

In the case of liquid Hg based synthesis, we have chosen to add iodine as an oxidizing agent of 
the Hg0 to promote its oxidation in situ. The introduction of the iodine is very beneficial for 
the infrared spectrum. While in its absence a broad poorly defined spectrum is obtained, a 
well-defined excitonic peak appears with iodine and without the need of additional 
purification, see Figure S 10A. No evidence of nanorods is observed with the use of iodine, see 
Figure S 10B and C. 
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Figure S 10 Absorbance spectra of HgTe nanocrystals synthesized with liquid mercury at 100 
°C showing the influence of iodine (A) and the corresponding TEM pictures without (B) and with 
iodine (C). 
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2.3. Spectral tunability using liquid Hg 
The described synthesis allows to tune the excitonic feature from 8000 to 2500 cm-1 without 
the presence of intraband feature, and even further with the presence of intraband 
absorption, see Figure S 11. Compared to the synthesis with mercury thiolate, we can notice 
that the smallest nanocrystals are very difficult to grow (low reaction yield). We also notice 
that intraband transition appears for lower size compared to the material obtained with the 
mercury thiolate. This suggests a different doping between the nanoparticles obtained by the 
two methods. This hypothesis will be further discussed using transport measurements. 

 

Figure S 11 Absorbance spectra of HgTe nanocrystals synthesized with liquid mercury at various 
temperatures. 

 

HgTe present a quite large Bohr radius (40 nm), which makes that nanoparticle smaller than 
this value will be quantum confined and their spectrum will strongly depend on the actual 
nanoparticle size, see TEM pictures in Figure S 12. 
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Figure S 12 TEM pictures of HgTe nanocrystals synthesized with liquid mercury at 50 °C (A), 70 
°C (B), 80 °C (C), 100 °C (D), 120 °C (E), and 150 °C (F). 

 

As usually observed for II-VI compounds, EDX reveals an excess of cation in the obtained 
nanoparticles 

Table S2 EDX analysis of HgTe nanocrystals synthesized with liquid mercury at various 
temperatures 

% 50°C 70°C 80°C 100°C 120°C 150°C 
Te 46.5 45.8 46.9 47.9 47.7 48.7 
Hg 53.5 54.2 53.1 52.1 52.3 51.3 

 

Since the particles are obtained using liquid Hg, the mercury excess may come from excess 
Hg2+ or from the insertion of Hg0 within the HgTe matrix. However, the photoemission 
spectrum of the Hg 4f, see Figure S 13, reveals as for the other synthetic procedures based on 
mercury thiolate, see Figure S 6, the presence of a single oxidation state for mercury. There is 
no evidence for metallic Hg in these nanoparticles. 
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Figure S 13  Photoemission overview from a HgTe nanocrystal film, made using the Hg liquid precursor. 
(A) Photoemission spectrum of the Hg 4f core levels from an HgTe nanocrystal film, made using the Hg 
liquid precursor. (B) 

 

2.4. Comparison of thiolate based and liquid Hg based synthesis 
We have observed that for similar reaction durations and temperatures, the protocol based 
on mercury thiolate leads to smaller nanocrystals compared with the procedure based on 
liquid mercury, see Figure S 14. 

 

Figure S 14 HgTe nanocrystal size as a function of the reaction temperature for syntheses using 
liquid mercury or mercury dodecylthiolate as metallic precursor. In all cases, the reaction 
duration is set to 1 min.  
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2.5. Large scale synthesis from liquid mercury  

 
Figure S 15 Absorbance spectrum of HgTe nanocrystals from large-scale synthesis (A) and the 
corresponding TEM picture (C). Pictures of the round flask used for the large-scale synthesis 
before (B) and after (D) injection of TOP:Te. 
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3. Synthesis of other mercury chalcogenides 
 

We have tested the potential of the synthesis (from thiolate and from liquid mercury) to 
synthesize other mercury chalcogenides. 

3.1. Synthesis of HgSe 
Reaction between liquid mercury precursor or mercury thiolate with TOP:Se is not possible 
even at 200 °C. Instead, elemental selenium is dissolved in a mixture of DDT and OLA (1/1 in 
volume ratio) at mild temperature (50 °C) to form a dark red solution (1 M) used as Se 
precursor.3 

 

Synthesis with liquid mercury: 0.2 g of liquid mercury is sonicated in 2 mL of dodecanethiol 
for 15 min. The solution turns from colorless to metallic gray color. 2 mL of oleylamine and 26 
mg of iodine are added to the mercury solution and degassed at room temperature for 15 
min. Slight discoloration is observed during degassing step. Under argon atmosphere, 1 mL of 
Se in DDT/OLA solution is injected to the mercury solution at the desired temperature. The 
solution color turns from gray to black-brown solution. After 1 min, 1 mL of dodecanethiol is 
injected to quench the reaction. Nanocrystals are precipitated with 10 mL of methanol. After 
precipitation, the reddish supernatant is discarded and the precipitated nanocrystals are 
redispersed with 2 mL of chloroform and few drops of dodecanethiol. The precipitation step 
is repeated with 5 mL of methanol. Finally, nanocrystals are redispersed in chloroform. 

 

Synthesis with mercury dodecylthiolate: 0.6 g of mercury dodecylthiolate and 26 mg of iodine 
are dissolved with 2 mL of oleylamine and degassed at 80 °C for 15 min. Under argon 
atmosphere, 1 mL of Se in DDT/OLA solution is injected to the mercury solution at the desired 
temperature. The solution color turns from gray to black-brown solution. After 1 min, 1 mL of 
dodecanethiol is injected to quench the reaction. Nanocrystals are precipitated with 10 mL of 
methanol. After precipitation, the redish supernatant is discarded and the precipitated 
nanocrystals are redispersed with 2 mL of chloroform and few drops of dodecanethiol. The 
precipitation step is repeated with 5 mL of methanol. Finally, nanocrystals are redispersed in 
chloroform. 

 

As expected for HgSe nanocrystals,4,5 the material presents an intraband transition in the mid 
infrared, as well as interband absorption at large energy, see Figure S 16a and b. TEM images, 
see Figure S 16 C-E, confirm that size increase is responsible for the spectral tunability. The 
shape of the HgSe nanocrystals is also strongly dependent of the growth conditions. The 
crystalline phase is zinc blende, see Figure S 16f. 
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Figure S 16 Absorbance spectra (A, B), TEM pictures (C-E) and XRD profiles (F,G) of HgSe nanocrystals 
synthesized with liquid mercury (left panels) and mercury dodecylthiolate at different temperatures 
(right panels).  
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3.2. Synthesis of HgS 
We have also expanded our strategy based on mercury thiolate and in situ prepared mercury 
thiolate to grow HgS nanocrystals. Reaction between liquid mercury precursor or mercury 
thiolate with TOPS is not possible even at 200 °C. The use of sulfur dissolved in oleylamine and 
(TMS)2S leads to low reactivity. As higher reactive precursor, aqueous solution of (NH4)2S is 
used as sulfur precursor. 

 

Synthesis with liquid mercury: 0.2 g of liquid mercury is sonicated in 2 mL of dodecanethiol 
for 15 min. The solution turns from colorless to metallic gray color. 2 mL of oleylamine and 26 
mg of iodine are added to the mercury solution and degassed at room temperature for 15 
min. Slight discoloration is observed during degassing step. Under argon atmosphere, 340 µL 
of (NH4)2S (20 wt.% in H2O) is injected to the mercury solution at the desired temperature. 
The solution color turns from gray to black-brown solution. After 5 min, 1 mL of dodecanethiol 
is injected to quench the reaction. Nanocrystals are precipitated with 10 mL of methanol. After 
precipitation, the colorless supernatant is discarded and the precipitated nanocrystals are 
redispersed with 2 mL of chloroform and few drops of dodecanethiol. The precipitation step 
is repeated with 5 mL of methanol. Finally, nanocrystals are redispersed in chloroform. 
Synthesis using liquid mercury lead to low yield (<30 mg). 

 

Synthesis with mercury dodecylthiolate: 0.6 g of mercury dodecylthiolate and 26 mg of iodine 
are dissolved with 2 mL of oleylamine and degassed at 80 °C for 15 min. Under argon 
atmosphere, 340 µL of (NH4)2S (20 wt. % in H2O) is injected to the mercury solution at the 
desired temperature. The solution color turns from gray to black-brown solution. After 5 min, 
1 mL of dodecanethiol is injected to quench the reaction. Nanocrystals are precipitated with 
10 mL of methanol. After precipitation, the colorless supernatant is discarded and the 
precipitated nanocrystals are redispersed with 2 mL of chloroform and few drops of 
dodecanethiol. The precipitation step is repeated with 5 mL of methanol. Finally, nanocrystals 
are redispersed in chloroform. 

 

 

As expected for HgS nanocrystals,6 the material presents an intraband transition in the mid 
infrared, as well as interband absorption at large energy, see Figure S 17a and b. TEM images, 
see Figure S 17 C-E, reveals a bipyramidal shape for the particle. The crystalline phase is zinc 
blende, for the described synthetic conditions, see Figure S 17F. 
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Figure S 17 Absorbance spectrum (A) and TEM picture (C) of HgS nanocrystals synthesized with liquid 
mercury at 100 °C. Absorbance spectra (B) and TEM pictures (D,E) and XRD profiles (F) of HgS 
nanocrystals synthesized with mercury dodecylthiolate at different temperatures. 
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4. Transport properties of HgTe nanocrystal arrays 
We have tested the transport properties of HgTe nanocrystals using a field effect transistor 
(FET) geometry.7 The gate is obtained here by an ion gel electrolyte, which has the advantage 
of a large gate capacitance. FET is a powerful tool that reveals the nature of the majority 
carrier within the NCs film. 

It has been previously observed by Jagtap et al,8 that HgTe nanocrystals present a change of 
majority carrier with the increase of nanocrystal size, also see Figure S 20. Small particles tend 
to be p-type, while large nanoparticles can even present degenerate n-doping. In the 
intermediate regime both conduction (i.e. ambipolar conduction) is observed.1,9 

Here the goal is to determine how the reaction procedure may impact the majority carrier 
nature for a given size. 

 

4.1. Electrolyte gated field effect transistor 

 

Figure S 18 Scheme of electrolytic-gated field effect transistor. 

 

As for the protocol based on the reaction of mercury halide with TOP-Te,1,10 the synthesis 
based on Hg thiolate and liquid Hg, leads to a change of the majority carrier from hole for 
small size to electron for large nanoparticles, see Figure S 18, Figure S 19, and Figure S 20. 
However, the threshold for this transition strongly differs from one protocol to another. For a 
given size the p-type character is stronger in the material obtained using the thiolate, while 
the n-type character is stronger for the nanocrystal obtained using liquid Hg.  
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4.2. Transport in HgTe nanocrystal arrays from mercury thiolate 
 

 

Figure S 19 Transfer curves of HgTe nanocrystals synthesized from mercury thiolate at 100 °C (A), 120 
°C (B), 150 °C (C), 180 °C (D), and 200 °C (E). Drain-source and gate-source current curves are in black 
and blue, respectively. 
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4.3. Transport in HgTe nanocrystal arrays from liquid Hg synthesis 
 

 

Figure S 20 Transfer curves of HgTe nanocrystals synthesized from liquid mercury at 50 °C (A), 70 °C 
(B), 80 °C (C), 100 °C (D), 120 °C (E), and 150°C (F). Drain-source and gate-source current curves are in 
black and blue, respectively. 
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4.4. Transport in HgTe nanocrystal arrays from mercury halide 
 

 

Figure S 21 Transfer curves of HgTe nanocrystals synthesized from mercury chloride at 50 °C (A), 60 °C 
(B), 80 °C (C), 90 °C (D), 110 °C (E), and 120 °C (F). Drain-source and gate-source current curves are in 
black and blue, respectively. 
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