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ABSTRACT

Nanoscale secondary ion mass spectrometry (NanoSIMS) is a dynamic SIMS technique, which
offers high spatial resolution allowing the mapping of chemical elements at the nanometer scale
combined with high sensitivity. However, SIMS for mercury analysis is a challenging issue due
to the low secondary ion yield and has never been done on NanoSIMS. The introduction of an
rf plasma oxygen primary ion source on NanoSIMS enabled higher lateral resolution and higher
sensitivity for electropositive elements such as most metals. In this paper, for the first time
mercury analysis by NanoSIMS was developed applying the new rf plasma O ion source. All
mercury isotopes could be detected as Hg* secondary ions and the isotopic pattern corresponded
to their natural isotopic abundances. Furthermore, Hg* detection in HgSe nanocrystals has been
investigated where polyatomic interferences from selenium clusters were identified and
separated by high mass resolution (AM/M > 3200). However, in presence of selenium a strong
matrix effect was observed decreasing the Hg" secondary ion yield. In addition, a detection of
Se* ions was possible, too. The newly developed method was successfully applied to nanoscale
localization by chemical imaging of HgSe particles accumulated in liver tissue of sperm whale
(Physeter macrocephalus). This demonstrated the applicability of NanoSIMS not only for

mercury detection in surface analysis but also for mercury mapping in biological samples.
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Introduction

Mercury and mercury compounds have been used in industrial processes, in electric and
electronic applications as well as in medicine *. Due to considerable emissions by anthropogenic
and natural sources, mercury has been identified as global toxic pollutant that can
bioaccumulate and biomagnify in organisms through the trophic chain 23. Therefore, it is
essential to monitor the use, global distribution and toxicity of mercury requiring powerful
techniques for mercury analysis in all kind of materials. Secondary ion mass spectrometry
(SIMS) is an important analytical technique for surface characterization, depth profiling or

chemical imaging of solid matter; however, SIMS for mercury analysis is challenging

In SIMS a focused positive or negative primary ion beam sputters a sample surface and
generates secondary ions, which are collected and subsequently analyzed by a mass
spectrometer #. A combination of a low energy, pulsed ion beam (e.g. Ga*, Bi*, and Bis*) with,
usually, a time-of-flight (ToF) mass spectrometer belongs to the static SIMS technique which
allows the generation of elemental and molecular secondary ions of the topmost atomic layer
of a surface °. The dynamic SIMS technique uses a high-energy ion beam of either cesium (Cs*)
or oxygen (O2" or O") ions that generate elemental secondary ions from several atomic layers,

which are analyzed by a sector field mass spectrometer .

In general, the detection limit of the SIMS technique can go down to the tens of parts per billion.
However, the actual detection will be determined by the generation of secondary ions from the
sample. This is influenced by several factors: i) the atomic density of the analyte in the sample,
ii) the composition of the matrix, iii) the sputtering rate of the analyte from the surface by the
primary beam, iv) the ionization of those sputtered atoms (ion yield), and v) the transmission
of those ions to the detector 7. The main limiting factor in SIMS, other than the actual sample

concentration, is the variability in the ion yield between elements 8 This ion vyield is



proportional to either the electron affinity, for negative secondary ions, or the ionization energy,

for positive ions 4.

In the case of mercury, Storms et al. ® described Hg™ as barely detectable when using a Cs* ion
source. With an O™ primary ion source Hg* secondary ions could be obtained, however, with an
ion yield three orders of magnitude lower than those of other metals such as Ca, Mg or Fe.
Consequently, to date, only a few studies have analyzed mercury by SIMS due to this low
secondary ion yield observed, as follows. Dynamic SIMS with O." and Cs™ sources has been
applied so far only for depth profiling of mercury in semiconductors %!, electrical sensors 2,
membranes 3, electrodes ** or for investigating steel corrosion *°. The few examples applying
static SIMS for detection of elemental and molecular mercury ions encompass surface analysis
and depth profiling of semiconductors 1°, characterization of mercury amine ions on surfaces
17" detection of mercury thiolate ions in self-assembling monolayers 8, and depth profiling of
methylmercury species in air-dried layers of bacteria *°. Only two publications describe the use
of ToF-SIMS for chemical imaging of mercury. One study clarified the darkening process
(photodegradation) of the red pigment vermilion (red mercury sulfide) in paintings via detection
of Hg-S-ClI cluster ions in small sample areas 2°. Another ToF-SIMS study investigated the
spatial distribution of mercury and other elements in cholesterol gallstones %; however, the

detection of Hg" secondary ions was very weak and resulted in only low-resolved images.

So far, mercury analysis by nanoscale secondary ion mass spectrometry (NanoSIMS) has never
been described in the scientific literature. NanoSIMS is a dynamic SIMS technique
characterized by its high spatial resolution. This is accomplished due to the perpendicular
focusing of the positive (Cs*) or negative (O) primary ion beam to the sample surface allowing
chemical and isotopic imaging with high spatial resolution combined with high sensitivity. The
required narrow focusing of the ion beam is achieved by using ion sources that provide high

beam current densities and low beam energy dispersion. Since the introduction of the



instrument, the Cs* ion source on NanoSIMS has been able to achieve 50-nm-resolution images
of electronegative elements such as carbon, nitrogen, oxygen, and sulfur. However, only the
recent introduction of an rf plasma oxygen primary ion source on NanoSIMS allowed high
lateral resolution down to 40 nm and high sensitive detection of electropositive elements such

as most metals, which opens numerous new research possibilities 2.

The aim of this study was to develop mercury analysis by NanoSIMS by the application of an
rf plasma O™ primary ion source to biological samples, which are known to contain HgSe
clusters as natural nanoparticles 224, Firstly, Hg" detection in HgSe nanocrystals has been
investigated where interferences from selenium clusters were identified and separated by high
mass resolution. The newly developed method was successfully applied to nanoscale
localization by chemical imaging of HgSe particles accumulated in liver tissue of sperm whale
(Physeter macrocephalus). We aimed to demonstrate the applicability of NanoSIMS as a tool
for Hg analysis in environmental science, biology, and toxicology, where low Hg

concentrations can be found.

Experimental section

Preparation of standards and nanocrystalline HgSe

Elemental standards of mercury, selenium, and sodium were prepared by slow evaporation at
room temperature of a drop of standard solutions of Hg, Se and Na in HNO3z at a 1000 pg/ml
concentration (PlasmaCAL, SPC Science, Canada) on a silicon wafer.

Nanocrystalline HgSe was synthesised following the method described by Kristl and Drofenik
25 Dy the reaction of mercury nitrate and selenium powder. Briefly, 0.474 g (0.006 mol) of
selenium powder (99+ %, Alfa Aesar) was dissolved in 50 mL of 5M NaOH solution, assisted
with sonication, and mixed with a solution of 1.713 g (0.005 mol) Hg(NO3)2.H20 (99.99+ %,

Sigma Aldrich, UK) dissolved in 0.1 M EDTA. The molar ratio of 1:1.2 (Hg:Se) was advised



as an alternative to performing the reaction under nitrogen flow. The mixture was sonicated at
room temperature as the addition of the mercury solution to the alkaline selenium solution
occurred, and after 15 minutes of sonication the reaction was continued on a hot plate at
approximately 80 °C for 30 minutes. The solution was then cooled and washed with EDTA to
remove cations including additional Hg?*, water and ethanol. The solution was deposited on a

silicon wafer and evaporated.

Whale sampling

Samples from a sperm whale (Physeter macrocephalus) were provided by the Scottish Marine
Animal Stranding Scheme (SMASS). The sub-adult male sperm whale was stranded and
sampled at Ardersier, Scotland (Latitude: 57.5626, Longitude: -4.04194). The whale was
sampled soon after death. Reports on the stranding can be found on the SMASS website
(Scottish Marine Aimals Stranding Scheme: https:\\stranding.org accessed 22 June 2021).
Sections of whale liver were taken from the whale and stored at 4 °C prior to preparation for
NanoSIMS 12 hours later. The parts of the tissue were randomly selected as previous studies
indicate that that Hg and Se were heterogenously distributed throughout the whale liver tissue

and each area of the liver looked similar as far as Hg and Se distribution?*.

Preparation of whale samples for NanoSIMS

Sample preparation was performed at the Microscopy and Histology Core Facility at the
Institute for Medical Sciences, Aberdeen, UK. 4 mm diameter discs of tissue were transferred
into gold-plated copper specimen carriers filled with hexadecane. Extracted tissue samples
were flash frozen under high pressure using a Leica EM ICE (Leica Microsystems, Milton
Keynes, UK). Automatic freeze substitution with 2% osmium tetroxide (OsOa4) in acetone was

carried out using a Leica AFS 2 (Leica Mircosystems, Milton Keynes, UK), followed by



embedding in Spurr’s resin (TAAB, UK) and acetone. Finally, the samples were polymerized
at 60 °C for 24 hours. Sections of 300 nm were cut from the resin block using a diamond knife
(Diatome Ltd, Switzerland) on an ultra-microtome (Leica UC6, Leica Microsystems) and

placed on silicon wafers (Ted Pella, USA) for NanoSIMS analysis.

Detection of stable mercury isotopes by NanoSIMS

Nanoscale secondary ion mass spectrometry analysis was performed using the NanoSIMS 50L
(Cameca, Genneviliers, France) equipped with the Hyperion rf plasma primary oxygen ion
source (Oregon Physics, Beaverton, USA). A primary O beam of approximately 200 nA was
used. The isotopic distribution of Hg was investigated in the mercury standard and the
nanocrystalline HgSe to identify the corresponding isotopes as well as possible interferences
for each mass. The isotopes of mercury were recorded in an electron multiplier detector by
scanning the magnetic field (B field scan) from 2673.123 G to 2807.307 G (equivalent to
masses 194 to 214) with 0.37 G steps, resulting in 364 points with 1 s counting time per point
and a mass resolution of approximately 2500, using an O” beam of 75 pA on the sample (D1=2).
The entrance (ES) and aperture slits (AS) were opened fully to allow maximum transmission
of the ions to the detectors considering the very low yield expected for Hg.

Theoretical simulation of the resulting mass spectra for the HgSe standard was performed with
the online tool Mass Spectrum Simulator from Prot pi (developed by the Zurich University of
Applied Sciences). In order to match the experimental spectrum, the following compounds were
considered to contribute to the mass spectrum between 194-214: Hg", Se2NO;", SeHs07",
NaSeNOs", with a relative intensity ratio set at 0.01, 0.6, 0.5 and 0.5 respectively, and a mass
resolution of 2500. The same calculation was also performed for Hg to compare with the

experimental spectrum of the Hg standard.



High resolution mass spectra of the selected *®®Hg and 2°?Hg isotopes were recorded in two
detectors by scanning the voltage applied to each, from 12 V to 55 V with 0.51 steps in 110
points, with a counting time of 0.76 s per point, using an O” beam of 34 pA in the sample (D1=3,
open ES and AS slits), which resulted in a mass resolution of approximately 3200 with the
required optimization. With this resolution, it was possible to distinguish the Hg signal from
that of the interferences, and the mass spectrometer was calibrated to record the Hg isotopes
excluding any signal coming from the interferences. Technical reasons of the NanoSIMS

instrument required a minimal distance of 4 amu between two detectors at these high masses.

NanoSIMS imaging

The elemental Hg standard and the nanocrystalline HgSe were mapped using the 200 nA O
beam, in order to observe the distribution of 8Se, %Hg and 2°?Hg isotopes, by analysing an
area of 25x25 pum in the surface with 256x256 pixels and 10 ms of dwell time per pixel with an
O beam of 38 pA in the sample (D1=3, open ES and AS slits). Seven subsequent analyses were
performed in the same area, during 1 hour and 16 minutes, and later accumulated with the
Winlmage software (Cameca, France), to increase the signal to noise ratio.

Gold coating of the sample surface with a 5 nm Au layer in order to increase conductivity and
ion yield was attempted using a 108 auto sputter coater equipped with a thickness monitor
(Cressington, UK).

The liver tissue of the sperm whale was mapped, too. Areas were selected from optical images
(Figure S-1) in which darker spots were seen to indicate HgSe agglomerations, obtained with
the CCD camera from the NanoSIMS instrument. The isotopes 2C, 2°Na, 8°Se, 1*®Hg and 2%?Hg
were measured simultaneously. Images of 30x30 and 35x35 pum were acquired with 256x256
pixels and 10 ms of dwell time per pixel with an O beam of 10 pA in the sample. The same

area was measured during 18 hours, accumulating 100 planes with Winlmage. Consistent signal



intensity throughout the planes for all measured isotopes, including constant signal intensity of
12C* jons obtained from the resin matrix, indicated that the sample was not consumed
completely during the long acquisition time. Beam size was calculated with the knife-edge

method (16-84% principle) 2.

Results and discussion
Detection of mercury isotopes from a mercury standard

The mass spectrum of secondary Hg* ions obtained from a mercury standard sputtered with an
O ion beam is shown in Figure 1a. The maximum count rate was about 10 cps for the most
abundant 2%Hg isotope while the background was close to 0 cps. All natural stable mercury
isotopes were detected with an isotopic pattern reflecting their natural abundance, which was
well in agreement with the theoretical simulation (Figure 1a). In addition, the detection of HgO™*
ions was tested as suggested by Zalavutdinov et al *°. In our experiments we could observe
HgO™ secondary ions, however, the ion yield was about 20 times lower than for the respective
Hg* ion. This is in agreement with the observations of Storms and co-workers ° who showed,
for all metals sputtered with an O” beam, a lower ion yield for MO* ions than for the M™ ions.

The diatomic isotope Hg>" was also screened but was barely detected.

Two mercury isotopes, 1%Hg and 2°?Hg, were chosen for further analysis. High-resolution mass
spectra were recorded (Figures 1c and d) and the mass spectrometer calibrated for the exact
masses of the isotopes. Then an elemental image of the isotopes *®Hg and 2°’Hg was obtained
from the elemental Hg standard where the two mercury isotopes showed a perfect overlay

(Figure 2).
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Figure 1: a) Mass spectrum obtained by a magnetic field scan from a mercury standard (black)
and theoretical simulation of the isotopic pattern of Hg (green, offset), b) mass spectrum
obtained by a magnetic field scan from nanocrystalline HgSe (blue) and theoretical simulation
of the combination of Hg isotopes with Se2NO2*, SeHsO7*, and NaSeNOs" interferences (green,
offset), Small Hg peaks appeared for 1%Hg and 2°2Hg (arrows). ¢) high resolution mass spectra
from mass 197.73 to 198.12 from the mercury standard (**Hg detection, black) and the
nanocrystalline HgSe (blue) and d) high resolution mass spectra from mass 201.71 to 202.10

obtained from the Hg standard (*®?Hg detection, black) and HgSe (blue).
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Figure 2: Mapping in a Hg standard of ®Hg and 2°?Hg, color overlay of 1*Hg (green) and

202Hg (red). Color scale on the top left indicates relative intensity in counts per second in each

image, which ranges from: ®Hg 0 to 120 cps, 2°?Hg 0 to 350 cps. Scale bar is 5 pum.

Detection of mercury in nanocrystalline HgSe powder

Synthesized nanocrystalline HgSe powder on a silicon wafer was sputtered with an O™ ion beam
and the mass spectrum, of the resulting secondary Hg"* ions, was registered with a B field scan
(Figure 1b). The mass spectrum shows interfering mass peaks close to the Hg isotope peaks.
The interferences are most likely different clusters of the elements H, N, O, Na, and Se which
are present in the sample according to the HgSe powder synthesis protocol. A simulated mass
spectrum of three potential clusters (Figure 1b) is in agreement with the spectrum of the sample
suggesting a combination of interferences from SeHsO7*, NaSeNOs", and Se2NO:" cluster ions,

the latter being the most important interference in the mass range of the mercury isotopes.

Furthermore, Figure 1b indicates that the interference peaks do not overlap completely with the
peaks of the mercury isotopes at a mass resolution >2500, but that the **Hg and 2°2Hg signals
appear as small peaks, at a 0.12 amu higher mass, in the mass spectrum. Subsequently recorded
high mass resolution spectra (AM/M > 3200) at m/z 198 and 202 show a clear separation of the

Hg" signal from the interference. The intensity of the Hg" signal obtained from nanocrystalline
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HgSe is much lower than that obtained from the mercury standard, analyzed under the same
instrumental conditions indicating a strong matrix effect, which suppress the Hg ionization in
presence of selenium. This is in agreement with the literature that describe a strong dependence
of the secondary ion yield in SIMS from the sample matrix 26, which renders quantitative
analysis difficult. Other possible isotopes such as HgSe* and HgSeO™ were tested for mercury

detection in HgSe but resulted in even lower ion yields.

After precise mass calibration of the detectors for the ions 8°Se, 1®Hg, and 2°?Hg, an elementall
image of nanocrystalline HgSe powder was recorded (Figure 3). It shows clearly a
colocalization of these three elements demonstrating that an imaging of HgSe particles is
possible with correct detection of mercury and selenium. Note, that a detection of 8Se* ions
was possible in nanocrystalline HgSe with an ion yield of about 25 times higher than of 2°2Hg",

enabling a parallel analysis of mercury and selenium.

Figure 3: Mapping in a nanocrystalline HgSe standard of 1%Hg, 292Hg, and °Se, color overlay

of 1%Hg (green) and 2°?Hg (red) and color overlay of 2%2Hg (red) and 8Se (blue). Color scale
on the top left indicates relative intensity in counts per second in each image, which ranges

from: 1%Hg 0 to 7 cps, 2°2Hg 0 to 15 cps, 8Se 0 to 370 cps. Scale bar is 5 pm.
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Gold coating of the sample surface

Depending on the sample, gold coating of the sample surface may be necessary for SIMS
analysis in order to ensure a conductive surface 2, and furthermore, gold coating can enhance
the secondary ion yield in some cases 2. Therefore, the influence of gold coating on mercury
analysis in NanoSIMS was evaluated. Both, the mercury standard and the nanocrystalline HgSe
powder were coated with a 5-nm gold layer with help of a sputter coater and mass spectra were
recorded by a B field scan (entire spectrum) and voltage scan (high resolution spectra),
respectively. Beside the additional peak of %’Au no additional interferences were detected
(Figure S-2a). Moreover, high resolution spectra revealed that gold coating suppressed the
mercury secondary ion yield by 30 to 50 % (Figure S-2b). It can be concluded that a gold coating
can be applied, if necessary, in order to ensure sample surface conductivity, but did not shows
positive effects on the ion yield. Therefore, in our further experiments a gold coating was not

applied.

Detection of HgSe particles in whale liver tissue

The developed NanoSIMS method for mercury analysis was applied to the localization of HgSe
particles in liver tissue from sperm whale. Images of 30-35 pm x 30-35 pum were recorded with
simultaneous detection of 22Na, 8Se, 1%Hg, and 2°?Hg (Figure 4), using a beam of 100nm

diameter.

Aggregations of >50 particles were observed containing both Hg and Se. Here, the signal
intensity for 8°Se* ions was in the same order of magnitude than for 2°2Hg*. Na was used to
image the structures in the whale tissue, and suggests particles contain less Na compared to
surrounding organic material. Basing on line scans through the particles images obtained from

NanoSIMS measurements (Figure S-3), the particle size was roughly estimated. The aggregates

13



had a size of around 10-30 um, containing particles with a size of approximately 400 to 550
nm, which agglomerated in small clusters of few particles that ranged from 1 to 2.5 pm.
Additionally, both isotopes of mercury were detected in those nanoparticles, confirming
unequivocally the identification of this toxic element. Mercury can accumulate in whale liver
up to 500 mg kgt dry weight 24, however, in this study a total Hg concentration of 86 mg kg
dry weight was found (supporting information). Thus in our experiments the acquisition of
about 100 single planes during 18 h measurement was necessary in order to sum up enough
counts to achieve a sufficient mercury detection intensity that was significantly different to that
in the background, especially for **®Hg. Accordingly, Hg imaging can be performed by
NanoSIMS even at low bulk concentrations as long as the local concentration is sufficiently
high. However, long acquisition times might be required for mercury imaging in biological

samples.

The colocalization of these three isotopes indicated clearly the presence of HgSe particles in
liver. Whales are on the upmost trophic level and bioaccumulate high concentration of metals
via the food chain, including mercury 2°. The positive correlation of selenium and mercury
content in cetacean tissue has been described before 332, This led to the detection of inert HgSe
particles in their organs, which endorse the hypothesis of the formation of this non-toxic Hg
species as a mechanism of Hg tolerance and detoxification 2°. The results from our work are
well in agreement with the two previous imaging studies of these particles in cetaceans. The
first was accomplished in various organs of the striped dolphin (Stenella coeruleoalba) by using
synchrotron-based X-ray fluorescence (XRF), but the low spatial resolution of a 1.5x1.5 pum
beam only enabled the detection of aggregates of HgSe, which were estimated to be around 5
um on an optical micrograph . The second was performed in liver and brain of pilot whales
(Globicephala melas), and employed laser ablation ICP-MS (with a 5x5 um spot size) and XRF

(2 um? spot size) in order to image the particles in the whale tissue, and compensated the low

14



spatial resolution of both techniques with the use of single particle ICP-MS to estimate the

particle size, which was found to be of 300-400 nm of average %,

In the present study we show the first NanoSIMS imaging of mercury in a biological sample.
The use of NanoSIMS technique surpassed the previous drawbacks of a low spatial resolution
to demonstrate the accumulation of HgSe particles in whale liver at submicron level, with an
unmatched combination of about 100 nm spatial resolution with high sensitivity, allowing the

localization of particles of 400-550 nm in the tissue.

a) |

b) I 198Yg

Figure 4: Mapping of **®Hg, 2°Hg, 8Se and #Na in liver tissue. Two areas were analyzed: a)

30x30 pum and b) 35x35 um. Color overlay of **®Hg (green) and 2°2Hg (red), color overlay of
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202Hg (red) and °Se (blue), color overlay of 2°Hg (red) and *Na (green) and color overlay of
23Na (green) and 8°Se (blue). Common color scale in the top left which ranges from: *®Hg 0 to

2 cps, 2°?Hg 0 to 6¢ps, 8Se 0 to 5 cp and 2*Na 0 to 5000. Scale bar is 10 pum.

Conclusions

For the first time, a method for mercury detection in NanoSIMS was successfully developed
owing to a new rf plasma oxygen primary ion source. All stable mercury isotopes could be
detected. However, the secondary ion yield is strongly influenced by a matrix effect. Moreover,
depending on the matrix, the presence of polyatomic interferences has to be carefully evaluated.
For the analysis of HgSe particles all interferences were identified and separated by high mass
resolution. NanoSIMS mercury imaging was applied for the first time to biological samples by
localization of HgSe particles in whale liver tissue. A limitation is the long analysis time
necessary for biological samples. While a submicrometer imaging of mercury containing
particles is possible due to a higher local Hg concentration in the particles, a mercury analysis
at trace levels seems not to be feasible. However, beside trace analysis, the newly developed
method shows potential for NanoSIMS mercury analysis and imaging to be applied to various

samples and association of HgSe clusters to cell organelles seems possible

Supporting information. Experimental details for the determination of the total mercury
concentration in whale liver. Optical images of whale liver tissue samples (Figure S-1). Mass
spectra of the mercury standard and the nanocrystalline HgSe powder after coating with a 5-nm

gold layer (Figure S-2). Line scans for estimation of the particle size (Figure S-3).
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Total mercury analysis in whale liver

Cold vapour atomic fluorescence spectrometry (PS Analytical Ltd, UK) was used to establish
the total Hg concentration in the liver of the sperm whale. 0.1 g of freeze dried, homogenized
whale liver samples underwent closed vessel digestion (Mars 5, CEM Corporation, UK). The
Millemium Merlin mode of the CV-AFS was used for this analysis. As such, the samples
(prepared in 5 % HNO3) were mixed with 5 % HNO3 blank solution before being reduced by 2
% SnCl, solution. A gas-liquid separator was used to separate the Hg® vapour and direct it
towards the detector this was achieved by purging the solution with Ar gas. DORM-4 and
TORT-3 (National Research Council, Canada) certified reference materials were digested and
measured in the same manner, giving total recoveries of 81.6 % and 105.2 % respectively. The

total Hg concentration in the liver of the sperm whale was 86 mg kg™ dry weight.
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Optical images of whale liver tissue samples

S LE 3N

Figure S-1: Optical images of whale liver tissue samples obtained with the build-in CCD camera
of the NanoSIMS instruments for selection of areas for NanoSIMS mapping. Black squares
indicate areas for NanoSIMS acquisition of Figures 4 a and b, which contain visible darker
spots that correspond to HgSe agglomerations. Arrows indicate other HgSe agglomerations
present in the liver tissue as an example to illustrate that HgSe is found throughout the tissue.
Scale bar is 100 pm.
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Mass spectra of the mercury standard and the nanocrystalline HgSe powder after coating

with a 5-nm gold layer
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Figure S-2: a) Mass spectrum obtained by a magnetic field scan from a mercury standard (black)
and from a 5-nm gold coated mercury standard (red, offset). b) High resolution mass spectra
from mass 201.71 to 202.10 obtained from a Hg standard (black), a 5-nm gold coated Hg

standard (red), nanocrystalline HgSe (blue), and 5-nm gold coated nanocrystalline HgSe

(green).

26



Line scans for estimation of the particle size
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Figure S-3: Line scans through HgSe particles for estimation of the particle size. a) color
overlay image of 2%Hg (red) and 2*Na (green) from Figure 4a, where white arrows indicate the
line scans in ¢ and e. b) color overlay image of 2°2Hg (red) and 2®Na (green) from Figure 4b,
where white arrows indicate the line scans in ¢ and e. ¢), d), e) and f) line scans in the respective
arrow position of 2%2Hg (black) and 8Se (blue) in the left vertical axis and 2>Na (red) in the right

vertical axis. Scale bar is 10 pum.
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