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Graphical abstract 

 

 

Highlights 

 Environmental gaseous elemental mercury detection 

 Dithiol ligands functionalized gold nanoparticles 

 High and stable mercury uptake 
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 Monitoring of environmental and indoor vapour mercury 

 Ready for large-scale measurement campaigns 

 

ABSTRACT. 

Adsorption and detection of environmental total gaseous mercury (TGM) was studied by using 

gold nanoparticles (AuNPs) on purpose functionalized with dithiol ligands, i.e. Biphenyl-4,4′-

dithiol (BI) or p-Terphenyl-4,4′′-dithiol (TR), suitable for nanoparticles based network 

formation. AuNPs-BI and AuNPs-TR with size 6-8 nm were deposited onto quartz fibres and 

used as adsorbent materials for the detection of TGM, both indoor for adsorption studies, at 

defined concentrations (~4.5 ng m-3 Hg), and outdoor, at the vapour mercury concentration of the 

environmental countryside (~1.5 ng m-3 Hg). The role of relative humidity (RH) in the 

absorption process has been observed. A high Hg adsorption capability, also when exposed to 

sub ppb concentration, has been observed. A cold vapour atomic fluorescence spectroscopy 

(CVAFS) detector was used to determine gaseous mercury concentrations lower than 2 ng m-3, 

with a robust and reproducible procedure. Moreover, the use of quartz fibres substrate covered 

with AuNPs-BI or AuNPs-TR, and used for more than thirty times during the experiments, 

makes them competitive in the use in large-scale measurement campaigns.  

 

KEYWORDS: mercury vapour monitoring, gold nanoparticles, outdoor monitoring, sensing 

device 
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1. Introduction 

Elemental Mercury (Hg°) is one of the trace elements emitted into the atmosphere [1], well 

known for its toxicity and hazardous effects, even at low levels [2]. Emission sources for 

mercury include both natural processes and anthropogenic sources. Moreover, its concentration 

in air strongly depends from the volatility degrees of its compounds, which are related to the 

surrounding temperature. Current emissions of mercury from natural and anthropogenic sources 

include gold mining and processing, fuel combustion, catalysis in plastics or batteries production 

[3]. Mercury can be present in the atmosphere in three different forms: the gaseous elemental 

mercury Hg° (GEM), which can be converted into gaseous oxidized mercury Hg(II) (GOM) and 

particle bound mercury HgP(2.5) (PBM) [4]. These three forms can be considered as the total 

gaseous mercury (TGM), although the predominant form in the atmosphere is composed by 

GEM, which represents approximately the 98-99% of the TGM [5]. Generally, in the atmosphere 

the average concentration of the TGM ranges from 1.5–1.7 ng m-3 to 1.1–1.3 ng m-3, respectively 

referred to the northern and southern hemisphere [6,7], with some variation in the polar regions 

[8]. Gaseous mercury concentration is under increasing monitoring and study, trying to 

understand its behaviour, its environmental cycle and the bio-accumulation in the food chain 

[9,10]. Currently, the detection and quantification of the environmental gaseous mercury is 

carried out by analyser systems [11,12], mostly based on the usage of reliable instruments, as 

Tekran® 1130/1135/2537. However, these analysis tools, while providing a fine temporal 

resolution through cyclic sampling, have a limited spatial resolution and high management costs. 

This limits their use also due to the need for management by expert personnel, hyper-pure argon 

cylinders and electric power supply. All this makes them unsuitable for use in remote and/or 

poorly civilized areas. 
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To overcome these limitations, researchers have developed alternative measurement systems, 

in particular based on the use of passive air concentrators [13,14]. The main advantage of these 

concentrators in the detection of gaseous mercury is the possibility of using them in a large 

distribution area, providing a high spatial sampling resolution. A common drawback is, in 

general, that these components can only be used once [15,16], with relatively high sampling 

costs. 

The adsorbent ability of passives is based on the capacity of some noble metals to have an 

adsorption of vapour mercury leading to the formation of an amalgam. In particular, gold is a 

well-known mercury adsorbent thanks to its strong chemical affinity and gold films were 

recently used for Hg detection, both as passive and transducer layer. For example, Au films were 

used in quartz crystal microbalance (QCM) devices [17] or in optical based measurements [18] 

generally with fast response time and low detection limits. Surface acoustic wave (SAW) sensors 

with a gold film sensitive layer were also used in the presence of different vapour organic 

chemicals (VOCs), demonstrating a detection limit towards Hg vapour of 4 ppbv at 75°C, with 

limited cross-sensitivity effect when the relative humidity content was increased [19]. Carbon 

supported Au nanoparticles were used as sorbent composites for Hg capture, giving interesting 

performances even in the presence of O2, NO, SO2 and HCl [20] and the use of nano-engineered 

surfaces both as sensor and for Hg removal is a topic of great industrial interest [21]. 

The interaction of gold films with mercury has been extensively studied in literature [22,23]. It 

has been hypothesized that, starting from an initial adsorption of mercury on the gold surface, 

islands are formed with the successive appearance of dendritic structures during the 

amalgamation process [24,25]. It has also been observed that a high amount of grain boundaries, 
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typical of nanostructured materials, results in a greater efficiency of the reactivity of the gold 

surface, resulting in a generally faster and more efficient adsorption and mercury detection [26]. 

In general, nanomaterials and nanocomposites allow to building up particular 3D 

nanoarchitectures with large surface-to-volume ratio, which lead to high catalytic activity with 

the surrounding environment [27,28,29]. In particular, AuNPs whose average size falls in the 

range from some hundreds nanometers, can be considered one of the leading materials in 

emerging fields such as catalysis or biocatalysis [30,31], optoelectronics [32,33], nanomedicine 

[34,35,36] or drug delivery [37], thanks to their size-dependent properties and their chemical 

stability [38,39]. In particular, in recent years the use of AuNPs as chemical sensors garnered 

considerable attention for the potential to obtain fast and selective devices. For example, gold 

covered polystyrene nano spheres were used as QCM sensors for the detection of Hg° with high 

sensitivity and selectivity, also due to their long-range interspatial order and high number of 

surface defect formation [40]. Quite recently, gold nano rods were used for mercury vapour 

plasmonic sensors, by studying the surface plasmon resonance (SPR) shift of gold nano rods 

upon exposure towards mercury vapour [41] and silver nanoparticles (AgNPs) embedded into a 

polymer film were able to detect either Hg°, Hg(I) and Hg(II) species [42]. AuNPs were used for 

reusable Hg° sensor, showing a reduction of about 50% in sensitivity upon thermal treatment 

cycles [43].  

In the present work, we utilized gold nanoparticles (AuNPs) functionalized with the bifunctional 

thiols Biphenyl-4,4′-dithiol (BI) or p-Terphenyl-4,4′′-dithiol (TR), able to self-assemble in a 

stable network of interconnected nanoparticles as adsorbent material for the detection of TGM, 

both indoor (expositing the material to defined concentrations) and outdoor (at the vapour 

mercury concentration of the environmental countryside) for adsorption studies. AuNPs-BI and 
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AuNPs-TR were deposited onto quartz fibres, and used in more than 30 thermal desorption 

cycles at 500°C [44], showing over time a stable response and a high sensitivity at sub ppb 

concentration (lower than 2 ng m-3), also in the presence of interfering agents such as relative 

humidity.  

2. Experimental 

2.1 Materials 

Solvents and reagents were purchased from Sigma-Aldrich: Tetrachloroauric (III) acid trihydrate 

(HAuCl4·3H2O), Tetraoctylammonium bromide (TOAB), Sodium borohydride (NaBH4), 

Biphenyl-4,4′-dithiol (BI) and p-Terphenyl-4,4′′-dithiol (TR), Dichloromethane, Chloroform, 

Ethanol, Toluene, Petroleum Ether. 

 

2.2 Instruments 

UV-Vis absorption spectra were run in dichloromethane by using quartz cells, with a Varian 

Cary 100 Scan UV-Vis spectrophotometer. FTIR spectra were recorded with a Bruker Vertex 

70 instrument using KRS-5 cells, in the 4000–400 cm-1 range and the samples have been 

prepared as cast films or from Nujol mulls. Variable Pressure Scanning Electron Microscopy 

(VP-SEM, Hitachi SU-3500) at high vacuum mode supported by dual energy dispersive X-ray 

spectroscopy (dEDX) detectors in parallel configuration (Bruker, XFlash® 6|60) able to high 

sensitivity elemental analysis has been employed to analyse AuNPs deposited on surface of 

quartz fibres films. A Scilogex refrigerated microcentrifuge was used for purification of AuNPs 

samples (5000 rpm, 20 min, 4°C, 5× with ethanol). Deionized water was obtained from Zeener 

Power I Scholar-UV (18.2 MΩ). Tekran® Model 2505 (Tekran Instruments Corporation, 

Toronto, CA-ON) mercury vapour calibration unit primary source, has been employed to 
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generate defined selected quantities and concentrations of mercury vapour. Tekran® Model 

2537A ambient mercury vapours analyser was used to control external concentrations and to 

measure mercury adsorbed on samples. Atomic force microscopy (AFM) images were obtained 

using a Nanosurf Flex AFM. 

2.3 AuNPs synthesis and characterizations   

The AuNPs synthesis has been carried out starting from tetrachloroauric acid with a well 

assessed two phase’s reduction procedure [45,46], optimized for dithiol ligands [47,48]. 

Experimental parameters have been optimized to obtain small nanoparticles with low dispersity 

in dimension using a 3:1 metal:sulfur molar ratio for the synthesis of both AuNPs-BI and 

AuNPs-TR samples.  

As a typical procedure, the AuNPs-TR synthesis is herein reported: an aqueous solution of 

HAuCl4·3H2O (0.0801 g, 2.00 x 10-4 mol) in freshly prepared deionized water (5 mL), was 

mixed with a solution of tetraoctylammonium bromide (TOAB) (0.1200 g, 2.00 x 10-4 mol) in 

toluene (5 mL). The two-phase mixture was vigorously stirred until all the Au3+ were transferred 

into the organic layer and a solution of TR (0.0100 g, 0.33 x 10-4 mol) in toluene (3 mL) was 

then added. A NaBH4 deionized water solution (0.0796 g, 2.00 x 10-3 mol) in 2 mL deionized 

water) was added under vigorous stirring. After 3 h the organic phase was separated, and washed 

with water. The organic phase was reduced to 2 mL in a rotary evaporator, and 40 mL of ethanol 

were added. The mixture was kept overnight at -18°C and then centrifuged at 5000 rpm for 15 

min at 4°C, in order to remove the excess of thiol and TOAB. The supernatant was eliminated 

and the precipitate was washed by centrifugation at 13400 rpm for 10 min with ethanol at 4°C 

for 10 times. After the removal of the supernatant, a red-violet suspension of AuNPs-TR was 
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obtained (yield 30% wt). AuNPs-TR main characterization: λmax (nm, CH2Cl2) 585; FTIR (film, 

cm-1): 2920, 2853, 1588, 1456, 1371, 1078, 993, 800, 699. Two comparison spectra of both 

AuNPs-BI and AuNPs-TR are reported in the Supporting Information figure S1 and S2 together 

with the picture of the two materials dispersed in dichloromethane, figure S3. 

2.4 Adsorbent material preparation  

A thin disc of quartz wool (Whatman© quartz filters) consisting of quartz fibres (QF) was used 

as substrate support. AuNPs-BI and AuNPs-TR were deposited on substrates by casting 100 µL 

of a dichloromethane solution (at concentration 1 mg/mL). A series of ten samples for each kind 

of nanostructured materials were obtained with the purpose to investigate the adsorbing 

properties. The interaction area containing the AuNPs was a circle spot of 13 mm in diameter, 

slightly smaller than the substrate with a diameter of 17 mm and thickness of 0.5 mm. With this 

preparation an active total surface of approx. 130 mm2 was obtained, as reported in the 

Supporting Information figure S4.  

After the deposition process, the samples were dried for two hours in an oven at 40°C and then 

were thermally treated at 500°C for 5 mins in order to avoid possible environmental mercury 

contamination with the solvent or volatile organic elements adsorbed during sample preparation 

process. The sensing devices were housed in a sealed glass holder, previously blown with dry 

nitrogen.  

 

2.5 Exposition towards vapour mercury  

ACCEPTED M
ANUSCRIP

T



 10 

AuNPs-BI-QF and AuNPs-TR-QF devices were tested in order to evaluate their performance 

both in indoor controlled concentration exposition measurements and in outdoor exposition (at 

environmental countryside mercury concentration). To analyse these samplers, a suitable thermal 

desorption system connected to a mercury analyser was developed.  

The system is made of different parts here below reported:  

1) gas delivering system: a quartz crucible necessary to hold the sample which has to be inserted 

in an oven for the heat treatment. 

2) furnace: able to reach temperatures of 500°C (the desorption temperature set to release the 

mercury adsorbed on the AuNPs). 

3) Tekran® 2537A: instrument equipped with a cold vapour atomic fluorescence 

spectrophotometer (CVAFS) detector, necessary to quantify the TGM released from the sample.  

A representative scheme of the system is available in the Supporting Information figure S5. 

In order to characterize the absorption behaviour of the materials (both AuNPs-BI and AuNPs-

TR samplers), different expositions and measurements were carried out, evaluating the 

adsorption performances towards the collection of gaseous vapour mercury at defined 

concentrations and time expositions. For these purposes, we used a test chamber made of quartz 

(with a volume of 8 cm3) and a primary mercury source (Tekran® 2505 mercury vapour primary 

calibration unit) to generate constant amounts of elemental mercury. Moreover, a Hamilton® 

gastight syringe to inject vapour mercury in the chamber was used. 

A first set of measurements concerned the evaluation of the maximum mercury uptake capacity 

of these samplers in vapour mercury saturation conditions. This study was done using an AuNPs-
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TR sampler, exposing it to different lapses of time at a saturated mercury vapour concentration at 

20°C, equal to 13.176 mg m-3 (1.6 ppm), according to the Dumarey equation [49,50]: 

𝛾𝐻𝑔 =
𝐷

𝑇
 10− (𝐴+[

𝐵
𝑇

])
 

where γHg is the saturated mass concentration of mercury in the air expressed in ng/mL, while 

D, B and A are constants and T is the temperature expressed in K. Afterwards we performed 

fixed amount of mercury for different exposure times. In this case, an amount of mercury, equal 

to 1.995 ng Hg° was injected in the exposition chamber containing the sampler to perform 

expositions with different lengths of time (15, 30, 90 and 120 minutes), desorbing and measuring 

the sample after each exposition. With this experimental set-up we were able to measure the 

adsorption rate of the total adsorbed mercury. In order to evaluate the possible changes in the 

adsorption characteristics of the AuNPs-TR, cyclic measurements of a first exposure and a 

subsequent desorption were performed considering a series of more than 35 consecutive 

measurements. The real environmental conditions were simulated using a series of 20 adsorbing 

samples (10 AuNPs-TR-QF and 10 AuNPs-BI-QF) placed in an aluminium sample-holder grid at 

a distance of at least 2 cm each other. 

The surface of the samples were oriented with the adsorbent surface facing downwards in order 

to avoid undesirable dust deposition effects and placed in another holder suitable for the 

exposition, as reported in the Supporting Information, figure S5.  

During the outdoor exposition, the mercury concentration level was monitored by the analyser 

Tekran® 2537A to obtain accurate information about the exposure and possible changing 

conditions of the experimental environment. Through these measurements, a stable background 

mercury concentration of 1.5 ng m-3 (± 0.4 ng m-3) was measured. During the exposition the 
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TGM adsorbed on the samplers (both AuNPs-BI and AuNPs-TR) was measured and quantified 

progressively after 1, 7, 14, 21, 28 and 56 days. 

 

3. Results and Discussion  

The modern wet-chemistry approach for the production of gold nanoparticles (AuNPs) 

received an increasing interest in recent years for the challenging opportunity of isolating stable 

interconnected networks suitable for solid state applications [51,52]. The structural complexity 

and crystal growth of these covalent aggregates of nanoparticles was recently studied [53] and 

their structural thermal stability was investigated [54]. AuNPs have been prepared in the 

presence of the π-conjugated dithiol BI or TR, whose chemical structures are shown in Figure 

1a-c, together with the reaction scheme. The use of the chemical reduction procedure of the 

HAuCl4 in the presence of bifunctional BI and TR thiols and sodium borohydride as reducing 

agent was optimized in order to achieve a stable and soluble AuNPs based network. The obtained 

nanoparticles were soluble in common organic solvents such as dichloromethane and toluene and 

their stability in solution was monitored up to one month. The formation of the AuNPs was 

monitored by means of UV-Vis and morphology characterizations. In particular, the molar ratio 

3:1 between Au/S was fixed and the UV-Vis characterization evidenced a SPR broad absorption 

at about 600 nm, both for AuNPs-BI and AuNPs-TR, red shifted with respect to the typical SPR 

band of isolated AuNPs found at about 520 nm [55,56]. This shift strongly depends on the 

interaction among NPs and intercoupling effects [57]. It can be used among others, for chemical 

and biochemical sensing in complex NPs architectures [58] and for electron transport studies 

[59]. It is noteworthy that thanks to the high chemical-structure stability, the AuNPs can be 

stored in solution until its applicative use. In order to check the behaviour of the nanoparticles 

under thermal stress, an AFM study in non-contact mode was carried out on AuNPs-BI and 
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AuNPs-TR drop-cast deposited onto silicon substrate, before and after the thermal treatment at 

500°C.  

As it is possible to observe in Figure 2a for AuNPs-TR sample, uniformly distributed AuNPs 

with maximum diameter of about 6 nm can be noted in the pristine material. After a thermal 

treatment at 500°C it is possible to observe a slight increase in AuNPs diameter and the 

formation of some aggregates, due to a possible merging of vicinal AuNPs. The mean diameter 

of the NPs was maintained below 15 nm. This preliminary study allowed considering the AuNPs 

as stable in the used thermal stressing conditions. 

3.1 Samplers exposure to environmental mercury vapour 

The sensing properties of a hybrid device based on AuNPs deposited onto quartz fibres were 

characterized before and after exposition to elemental gas mercury and after thermal treatment. A 

study of the uptake capability and the morphological behaviour of the AuNPs samplers was 

carried out sampling the atmospheric gaseous mercury present in the surrounding countryside of 

our research centre located in a rural area at North-East of Rome (Italy), away from major 

anthropogenic sources of air pollutants, with a rather low and stable mean values of TGM over 

time, in the order of 1.5 ± 0.4 ng m-3 of Hg. During the sampling measurements weather 

parameters (wind speed, temperature, relative humidity and rainfall) were monitored valuating 

possible influences on the sensing measurements. 

The adsorbent samplers utilized for these measurements have been separated in two groups of 

AuNPs-BI (10 samplers) and AuNPs-TR (10 samplers), exposing them to a fixed lapses of time 

ranging a period from one day, up to a maximum exposure of 8 weeks (56 days) and the 

measured data are reported in Figure 3.  
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Data reported in Figure 3 shows a stable and reproducible uptake capacity of the used AuNPs 

over a long range of time showing a linear response. The data indicates also a different behaviour 

between AuNPs-BI and AuNPs-TR. In particular, we could observe that 100 μg of AuNPs-TR 

were able to absorb 200 – 300 pg of mercury in one day of exposition. Interestingly, the samplers 

can be exposed for a period of 5-6 months, without encountering saturation phenomena. 

Moreover, another important characteristic is given by the linearity observed in the adsorption 

rate, with a low dispersion of the data, indicating any significant influence given from the 

turbulence of wind or of other atmospheric parameters on the uptake rate. This behaviour could 

be explained considering that the AuNPs are not only distributed on the surface of the samplers, 

but also inside the quartz mesh of the sampler’s fibres, giving in this way a reduction in the 

diffusion rate, as highlighted by SEM observations (see next section, Figure 4). 

Surface morphological analysis and determination of chemical composition was performed on 

AuNPs-TR and AuNPs-BI deposited onto quartz fibres, using scanning electron microscopy 

supported by dual energy dispersive X-ray spectroscopy (SEM-dEDS) and imaging analysis was 

provided, as reported in SI (Figure S6) [52,60]. Figure 4 compares the morphological change of 

functionalized gold nanoparticles dependent on the uptake capacity of elemental gas mercury, 

before and after thermal treatment at 500°C. The AuNPs-TR deposited on quartz fibres clearly 

shows a partially evolution of the gold nanoparticles having an average dimension ranging from 

15 to 550 nm and active total area of about 0.915 µm2 respectively (Figure 4a). Different 

morphological evolution may be observed in Figure 4b for AuNPs-BI, where the average 

dimension change from 19 nm to 2.2 µm and the active total area 7.265 µm2. By increasing the 

magnification of the objects (black dot rectangle), it is possible to observe nanoparticles of 
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dimension under 15 nm with a spherical shape until 40 nm in size. After the thermal treatment, 

the AuNPs-TR increases in dimension becoming irregular in shape, probably due to an 

aggregation effect of the small NPs into large objects, reaching a dimension of about 120 nm, as 

shown in Figure 4c. Similarly, AuNP-BI nanoparticles have regular spherical shapes with low 

dimensions, up to 50 nm. An aggregation effect still produces particles of micrometric dimension 

with row surface surrounded by few survival nanoparticles visible in Figure 4d. The different 

aggregation effect between AuNPs-BI and AuNPs-TR can be explained in term of the different 

interparticle distance in the NPs network located on the quartz fibres under thermal treatments 

[47]. It should be noticed that the growth effect of AuNPs is independent from the dimension of 

the quartz fibres. 

3.2 Adsorbent material characterization 

Several critical aspects have been evaluated to investigate the performance of AuNPs-BI and 

AuNPs-TR, detecting the environmental gaseous mercury, such as the adsorption capacity, the 

long-term stability and the temporal and spatial resolution. In a preliminary series of measures 

we observed that, compared to AuNPs-BI, the AuNPs-TR showed a greater capacity to absorb 

mercury vapor. We have therefore focused our attention on this material. 

To characterize the absorption capacity of these samplers a first uptake capacity study was 

carried out, exposing AuNPs-TR samplers to a saturated mercury vapour concentration (of 14.3 

mg m-3 i.e. 1.7 ppm) as function of the exposure time, reaching a maximum of 240 minutes of 

exposition. As reported in Figure 5a, a linear adsorption (up to 120 minutes of exposition) can be 

observed, reaching an equilibrium phase of saturation of 14 ng Hg° adsorbed for AuNPs-TR.  
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The data show a high uptake capacity toward the GEM of about 14 ng, in relation to the amount 

of 100 μg of AuNPs-TR material deposited on the quartz fibres. These results are significant 

compared to other passive vapour mercury samplers based on gold deposited layers or 

concentrated AuNPs thick films. A direct comparison of the performance of the materials is 

difficult given the diversity of the proposed systems. What emerges from the comparison with 

other works in the literature is a very high adsorption capacity, a prolonged mechanical stability 

as well as a considerable ease of use [26, 43, 61,62]. Selectivity towards relative humidity (RH) 

was verified by exposing the AuNPs-TR sampler to a fixed quantity of Hg° (0.664 ng) varying 

different RH with a fixed exposition time of 30 min, as reported in the Supporting Information 

section (Fig S7).  

Another important feature for these absorbent composite materials is focused on their ability to 

be renewed for long cycle life. In fact, starting from a relatively low cost preparation of each 

sampler, estimated in 50 euro cents, this could be further reduced by the reuse of the samplers 

with a resulting reduction in costs in view of possible applications in monitoring campaigns. In 

order to test this important aspect, the AuNPs-TR samplers have been stressed with a series of 

cyclic measurements (adsorption and desorption processes) up to 35 times. Figure 5b indicate the 

percentage of absorbed GEM by stressing the AuNPs-TR samplers, repeatedly exposed to the 

same mass of GEM (1.995 ng Hg°) for a fixed time (1 hour). Considering the results of 

adsorption/desorption of AuNPs-TR it is possible to observe that there is any reduction in the 

uptake capacity of the adsorbent material towards the GEM, suggesting that no relevant 

degradation occurred on the sorbent material, allowing their reutilization for more consecutively 

measurements.  
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4. Conclusions 

In the present work, functionalized AuNPs were deposited on quartz substrates and utilized as 

total gaseous mercury (TGM) adsorbents, for environmental or indoor use. The absorption 

properties are strongly related to the specific surface area, morphology, crystallinity and 

chemical composition of the materials. Consequently, gas detection based on functionalized 

AuNPs would benefit from a relative grain dimension, high surface-to-volume ratio and 

increased surface activities [63]. This evidence has shown benefits for AuNPs-TR sampler to be 

able of absorption gaseous mercury as shown by EDS analysis in SI Figure S6c. When their 

dimension becomes comparable to an appropriate space charge region, the adsorption and 

desorption processes are modulated by electron transport properties, resulting in high gas 

sensitivities to ambient gases [64]. Conversely, their sensing properties often suffer degradation 

due to growth of the gold NPs reducing the surface activities, as observed in AuNPs-BI.  

A high uptake towards the GEM was observed (14 ng Hg° for 100 μg of AuNPs-TR). During the 

exposures, a good stability and a linear response has been observed. Moreover, according to a 

series of cyclic exposures and desorption, up to 35 times, any reduction in the uptake capacity of 

these samplers has been observed. This feature allows the reutilization of the devices and allow a 

substantial reduction of the production cost (estimated 50 Euro cents for each sample). These 

studies open new perspectives for the developing of a passive mercury sampler based on 

functionalized AuNPs, useful for the monitoring of both environmental and indoor vapour 

mercury. Finally, this adsorbing sample exhibit stability response with time, enhanced recovery 

properties, reproducibility, and can indeed operate at room temperature. There is still plenty for 

improvement toward a successful application as a gas monitor device, including the control of 

morphology and the maximization of the surface and interfacial area. The importance to develop 
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a sensitive device, able to reveal even very low concentrations of gaseous mercury (i.e. ppt or 

ppq levels) is very crucial related to the human health monitoring. 
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Figures Captions: 

 

Fig. 1. (a) Chemical structure of AuNPs-BI and (b) AuNPs-TR nanoparticles; and (c) reaction 

scheme; (d) UV-Vis absorption spectra of AuNPs-BI (black line) and AuNPs-TR (red line) 

nanoparticles in CH2Cl2. The arrow indicates the absorption peak at about 600 nm. 

Fig. 2 AFM topography images of deposited AuNPs-TR on a silicon slice support, analyzed 

before: a, b (1 μm x 1 μm);  and after: c, d (10 μm x10 μm) the thermal treatment at 500°C.   

Fig. 3  Desorption mercury measurements of the AuNPs-TR (red), AuNPs-BI (black) samplers 

as a function of exposition time in outdoor environment (up to 56 days). The error bars indicate 

the standard deviation. Measurements were carried out in triple. 

Fig. 4 SEM images of AuNPs deposited onto quartz fibers after thermal treatment: AuNPs-TR 

(a, c) and AuNPs-BI (b, d).  

Fig. 5 a) Uptake capacity of an AuNPs-TR sampler, at different exposition times to saturated 

mercury vapour (concentration of 14.3 mg m-3 - 1.7 ppm). The error bars indicate the 

instrumental error; b) Cyclic thermal adsorption/desorption of AuNPs-TR samplers show any 

significant variation in the sensitivity values over time and expositions. The error bars indicate 

the instrumental error. 
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Fig. 5a 
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Fig. 5b 
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