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ABSTRACT: We have described a simple and low-cost visual method N

for on-site detection of hydrogen sulfide (H,S) in air based on the i N |
antiaggregation of gold nanoparticles (AuNPs). The bubbling of H,S into  — ; x:j“f M~ ;3:;"’ m
a weak alkaline buffer solution leads to the formation of HS™, which can ‘ y -1 P ?"m
stabilize the AuNPs and ensure the AuNPs maintain their red color even

in a Tris buffer solution containing 80 mM NaCl with the presence of ¢ @ : AUNP K St sewo: Tween80

Tween 80. The stabilization of the AuNP:s is attributed to the adsorption 7 4 | i

of negatively charged S>~ on the AuNPs surface. In contrast, without the t N \“f:*"*g”
bubbling of H,S, AuNPs aggregate and change color from red to blue. e s ‘xo*é* - ;M M %3 i
Under optimal conditions, the proposed method exhibits excellent visual | sample ; w%m ol sk sk -
sensitivity with a naked-eye detectable limit of 0.5 ppm (v/v), making the = A M'* s
on-site detection of H,S possible. This method also possesses good g

selectivity toward H,S over other gases by using a simple SO, removal
device. The successful determination of the concentrations of H,S in local air indicates the potential application of this cost-
effective method.
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B INTRODUCTION are not affected by temperature or humidity, but they often

Hydrogen sulfide (H,S), a colorless, flammable, and highly need an Soptlcal detector,_whlch makes thgm 1arge and
toxic gas with a “rotten egg” odor, occurs naturally in crude expensive.” Among the optical sensors, colorimetric sensors

.1 . have attracted a growing reseach interests. Colorimetric sensors
petroleum, natural gas, and hot springs.” H,S is also often e e : o
e . . can eliminate or minimize costs associated with instrumenta-
produced by human activities, including petroleum/natural gas A o - ; ; .
s . 1 tion and operation in detection, making them easily applicable
drilling and refining, and wastewater treatment.” Exposure to ; 13 . -
L . to on-site detection.”” Thus, many colorimetric sensors have
H,S can cause blood poisoning and even death at high b 3 for the d . FILS Iy 1422 | ‘
concentrations (higher than 250 ppm).”®> The occupational heen r}c;p orte c})lrt e;) etectlolr.15) 2h recently. fH Se'wc?
exposure limit of H,S recommended by the US National them, however, have been applied to the sensing of Hps> In air

. . . les.
Institute for Occupational Safety and Health is 10 ppm (ppm) samp ) ) L
for 8 h.* Therefore, to ensure the safety of workers, it is Gold nanoparticles (AuNPs) have a wide application in

essential to develop appropriate methods for the monitoring of colorimetric assays because of their excellent distance-depend-
H,S, especially for on-site real-time monitoring ent optical property and high extinction coeflicient in the visible
ZT,he great progress has been made regarding H,S sensor region.”>~>> AuNPs-based colorimetric sensors have been used
2 . . 2627

devices in the past several years. Generally, the devices can be for sensing a wide range of targets, such as proteins,

. 12830 . 331 . 32,33
divided into three major cate%ories: semiconductor metal oxide Ohgalol nuclelotld{es, 26,34 metal 1(;:115, P am;)ns},l hand si;)me
(SMO),>® electrochemical,”® and optical sensors.”’® SMO Sma’t molecules. Regrettably, few of them have been

sensors are based on the resistance change aroused by the applied to the detection of pollutants in a gas sample. The main
target gas 11 Although conventional SMO sensors have the reasons, we consider, are the following: 1) the concentrations
advantages of simple design and fast response, they often of gas pollutants are often as low as ppm levels, requiring highly
consume watts of power, which makes personal and mobile sensitive sensors; 2) gas detection requires the efficient capture
) . . .
monitoring difficult.’ Electrochemical sensors, utilizing ampero- of targets from the gas sample into a aqueous solution in

metric or potentiometric signal, exhibit good sensitivity and

short response time. However, they are readily affected by Received: October 27, 2013
temperature and humidity.'””> Most optical sensors, which Accepted: April 22, 2014
operate on the principle of absorption or emission of photons, Published: April 22, 2014
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advance; 3) the capture procedure may need a large volume of
gas sample, and it is time-consuming; and 4) the property of
the captured liquid may be not suitable for the colorimetric
sensing condition (e.g, pH). Therefore, solving these problems
will be the key to the development of AuNPs-based
colorimetric sensors for gas pollutants.

It is well-known that gold has a good affinity to sulfide with a
stability constant of 2 X 10%.>>® The high affinity between Au
and S was also certified by the S(2p;/,) bonding energy (162.6
eV) measured in the gold sulfide nanoparticles.””** Inspired by
this property, herein, we have designed a label-free colorimetric
sensor for the on-site detection of H,S in a gas sample based on
enhancing the stability of AuNPs. Under high ionic strength,
AuNPs aggregate and change color from red to blue. Once H,S
is bubbled into the weak buffer, the reaction between the
formed hydrosulfide ions and AuNPs in the presence of
dissolved oxygen will result in the absorption of S*~ on AuNPs.
The absorbed negatively charged S*” ions prevent the
aggregation of AuNPs, maintaining the wine red color of the
AuNPs. The proposed method exhibits high sensitivity with a
visual detection limit of 0.5 ppm for H,S with bubbling of only
10 mL sample volume and a good selectivity toward H,S.

B EXPERIMENTAL SECTION

Reagents. Hydrogen tetrachloroaurate(III) dehydrate (HAuCl,),
trisodium citrate, tris(hydroxymethyl)aminomethane (Tris), NaOH,
Na,SO,, NaNO;, Na,CO;, NaF, NaCl, Na,S, CH;COOH,
CH;CH,0OH, HCHO, CH;0H, and Tween 80, 60, 40, and 20 were
obtained from Sinopharm Chemical Reagent (China). CH;SH was
obtained from Aladdin reagent. The N,-diluted H,S and CO, standard
gases were purchased from Yantai Feiyuan Comprehensive Manage-
ment Services Company (China), and the air bags were purchased
from Guangming Research & Design Institute of Chemical Industry
(China). The NO,, Cl,, and SO, gases were synthesized in the
laboratory, the procedure for which is shown in the Supporting
Information. All solutions were prepared with deionized water (18.2
MQ-cm specific resistance) obtained with a Pall Cascada laboratory
water system.

Apparatus. UV—vis absorption spectra were measured on a
Thermo Scientific NanoDrop 2000/2000C spectrophotometer (USA).
Size distribution measurements were performed on a Malvern Zeta/
sizer Nano-ZS90 (ZEN3590). Transmission electron microscopy
(TEM) analyses were performed on a JEM-1230 electron microscope
(Japan) operating at 100 kV.

Making of Mini Silica Gel Absorption Column for SO,
Removal. Silicon dioxide powder (300 mesh) was filled in a
polystyrene tube (length 6 cm, diameter 0.5 cm), and the two ends
of the tube were filled tightly with cotton.

Making of Mini Silica Gel Absorption Column for H,S
Removal. Wet CuSO,-SH,0O was filled in a polystyrene tube (length 6
cm, diameter 0.5 cm), and the two ends of the tube were filled tightly
with cotton.

Synthesis and Characterization of the AuNPs. A 13 nm
diameter gold nanoparticle colloid was synthesized based on the
reported method.* Simply, 2 mL of HAuCl, (50 mM) was added to
98 mL of deionized water under vigorous stirring. After the solution
was heated and refluxed to boiling, 10 mL of sodium citrate (38.8
mM) was then quickly added. Reflux was kept for another 20 min until
the solution color had changed from pale yellow to wine red.

The as-prepared AuNPs were characterized by TEM images (see
“Sensing mechanism” section) and UV—vis spectra (see Figure S1 in
the Supporting Information). The original concentration of AuNPs is
approximately 10 nM according to the extinction coefficient (2.7 X 10
M em™) for 13 nM AuNPs.*

Colorimetric Detection of H,S. The procedure of H,S sensing
was conducted at room temperature as shown in the flowchart (see
Figure S2 in the Supporting Information). First, a 10 mL gas sample
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was drawn into a plastic syringe and was slowly bubbled into an 800
uL Tris buffer solution (S0 mM, pH 8.0) containing Tween 80
(0.015% (v/v)) (TBST) manually within 1 min. Second, a 200 uL
AuNPs solution (10 nM) was added into the solutions above, and the
mixed solutions were incubated for 8 min, followed by the injection of
40 uL of NaCl (2 M). After incubation for 7 min, the resulting
solutions were subjected to UV—vis absorption spectra measurements.

Analysis of H,S in Real Samples. A series of samples was
prepared in air bags by spiking a standard gas of H,S with the clear
local air. It was necessary to filter the local air if the content of the
suspended particles in the air was high. To detect the concentration of
H,S in the real samples, a similar test was adopted as in the above
assay process.

B RESULTS AND DISCUSSION

Sensing Mechanism. Figure 1A shows schematically the
mechanism for H,S detection. First, a 10 mL gas sample
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Figure 1. (A) Schematic description of the mechanism for sensing
gaseous H,S; (B) UV—vis spectra and colors of AuNPs in TBST
before (a, I) and after the addition of NaCl without (b, IT) and with (c,
III) prebubbling of 10 mL of H,S (3 ppm).

containing H,S or not was drawn into a plastic syringe and was
slowly bubbled into TBST by hand. Second, the AuNPs were
added as the indicator. The AuNPs stayed red in both samples
with a typical absorption at 520 nm (digital photograph I and
curve a in Figure 1B). However, the further addition of 40 uL
of NaCl (2 M) resulted in different phenomena. The color of
the solution without bubbling of H,S changed from red to blue
(digital photograph II in Figure 1B), accompanied by a red shift
of the surface plasmon resonance (SPR) absorption (curve b in
Figure 1B) due to the aggregation of AuNPs. In contrast, the
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Figure 2. TEM images: AuNPs dispersed in pure water (A), AuNPs in TBST without (B), and with (C) the prebubbling of 10 mL of H,S (3 ppm)
after adding NaCl; DLS measurements (D) for AuNPs without (M) and with (A) the prebubbling of 10 mL of H,S (3 ppm).

color of the solution with the bubbling of H,S stayed red with
an absorption peak at approximately 520 nm (digital photo-
graph III and curve c in Figure 1B), indicating the AuNPs were
monodispersed in TBST. The aggregation of AuNPs was
further confirmed by the comparison of the TEM images and
DLS data with and without the bubbling of H,S. Similar to the
AuNPs in pure water (Figure 2A), the AuNPs were also
monodispersed in TBST with the prebubbling of H,S (Figure
2C) after the further addition of NaCl. The TEM image B
demonstrated that the AuNPs aggregated in TBST without the
prebubbling of H,S after the further addition of NaCl. These
results were also consistent with the DLS data, as shown in
Figure 2D. The DLS data showed that the number of large
particles with the prebubbling of H,S decreased compared to
that without the prebubbling of H,S. The large particles in
TBST were attributed to the aggregation of AuNPs, indicating
the prebubbling of H,S into TBST enhanced the stability of
AuNPs (Figure 2D).

H,S can dissolve efficiently in the weak alkaline TBST with a
solubility of no less than 0.33 g/100 g (0.097 M) and exists
mainly as hydrosulfide ions (HS™).* Once the AuNPs were
added to the above solution, the Au atoms on the surface of the
AuNPs reacted with dissolved oxygen in the presence of HS™
ions and produced [Au*] [S*7] on the surface of the AuNPs
(chemical reaction (3) in Figure 1A). At the same time, >~ and
H,S transformed into HS™. Because of the high affinity between
Au and S, negatively charged S*~ was firmly adsorbed on the
surface of the AuNPs and significantly enhanced their stability
due to electrostatic repulsion. As a result, the AuNPs remained
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monodispersed in solution and remained red in color under
high ionic strength (Figure 1B).

To further prove S*~ was absorbed on AuNPs, the solution
was subject to Raman spectra measurements with the presence
and absence of Na,S. As shown in Figure 3, 1 mM Na,S in a

30
25 ] —a: NaS
2 ——b: AuNPs
£ ——c¢: AuNPs+Na,S
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Raman Shift/cm ™!

Figure 3. Raman spectra of 1.0 mM Na,$ (a), AuNPs (b), and AuNPs
with 1.0 mM Na,S (c) in the Tris buffer solution (pH 8.0).

Tris solution without the addition AuNPs did not generate any
featured Raman peaks (curve a). The addition of AuNPs to the
Tris solution caused a very weak peak at approximately 232
cm™" (curve b). This Raman peak may be attributed to the Au—
N stretching**® because of the interaction between Au and the
N atom of Tris. In the copresence of Na,S and AuNPs, a broad
peak from 260 to 320 cm™' appeared, and the peak at
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Figure 4. Optimization of experimental conditions: (A) Effect of Tween 80, Tween 60, Tween 40, and Tween 20 on the value of (Egs0/Es0)plank -
(E650/E520)Sample and their corresponding color in the absence (right) and presence (left) of Na,S; Effects of (B) pH, concentration of (C) Tween 80
and (D) NaCl on the ratio of (Egso/Esyo)piank (&), (Esso/Eszo)sample (@) and the value of (Egso/Esz0)siank - (Ees0/Esz0)sample (H). The lines are the
mathematical fits and were used to represent the change trend of (Egso/Es20)ptank - (Egs0/Es20)sample- EXperimental conditions: The concentration of

Na,S is 1.0 uM in (A), (B), (C) and 0.5 uM in (D).

approximately 232 cm™" disappeared (curve c). The broad peak
could be explained by the gold-monatomic sulfur stretching
reported elsewhere.***> Additionally, the disappearance of the
peak at 232 cm™! can be explained by the displacement of Tris
molecules by S*~ because Au has a larger affinity with S than N.
Therefore, we conclude that the S>~ actually adsorbs onto the
gold nanoparticles.

In addition, some other control experiments laterally proved
the mechanism. It has been reported that some other anions,
such as I", SCN7, and S,0,*, also have a strong affinity with
Au and could adsorb onto the surface of AuNPs.>>***” Thus,
we reason that these anions may also have a similar property as
S*". As described in Figure S3 in the Supporting Information,
the AuNPs in TBST with the addition of 1.0 uM I7, 1.0 uM
SCN~, and 10 M $,0,> exhibited a typical extinction band at
520 nm in the UV—vis spectra even after the addition of NaClL
The results further confirmed that the adsorption of the
negatively charged anions significantly enhanced the stability of
the AuNPs.

In the absence of Tween 80, the sulfide alone could also
enhance the stability of the AuNPs. As shown in Figure S4 in
the Supporting Information, the AuNPs aggregated in the Tris
buffer solution without Na,S, while the AuNPs remained
monodispersed in the presence of Na,S. Although the
phenomenon can be used for the detection of H,S directly,
our preliminary experimental results showed that the detection
limit was relatively high (10 ppm). The detection limit could be
improved significantly by the addition of Tween 80. We
speculated the function of Tween 80 in the sensing system was
exhibited in two aspects. First, the presence of Tween 80
produced lots of foam in the process of bubbling the gas into
the Tris buffer solution, inhibiting the escape of H,S from
aqueous solution and, therefore, increased the contact time
between H,S and the weak alkaline buffer solution. Thus, the
absorption efficiency of H,S was improved. Second, Tween 80
enhanced the stability of the AuNPs and, therefore, extended
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the time of the chemical reaction (3), as shown in Figure 1A.
The extension of the reaction time increased the S*~ adsorption
onto the AuNPs before autoaggregation in the Tris buffer
solution.

Optimization of Experimental Conditions. As proved
above, the mechanism is intrinsic to detect dissolved sulfide. To
simplify the experiment, we used the addition of Na,S to
replace the bubbling of H,S to optimize the experimental
conditions. Because the extinction bands of the solution at 650
and 520 nm in the UV—vis absorption spectrum correspond to
the quantities of the dispersed and aggregated AuNPs,*
respectively, the ratio of the extinction at 650 nm to that at 520
nm (Eg/Esy) has been chosen to express the degree of
aggregation of the AuNPs. Similarly, (Egso/Es0)piank and (Egso/
ESZO)Sample are used to express the degree of aggregation of the
AuNPs in the absence and presence of Na,S, respectively.
Because AuNPs with different degrees of aggregation exhibit
different colors, the value of the difference between (Eq,/
Eqy0)Blank and (E6SO/E520)Sample indicates the difference in color
in the AuNPs solutions between the absence and the presence
of Na,S. Using this parameter, we have explored the effects of
surfactants with different chain lengths, pH, and concentrations
of surfactants and NaCl.

We first investigated the effect of surfactant chain length on
the detection of Na,S. As shown in Figure 4A, the values of
(Ees0/Es20) plank = (Eeso/ ESZO)Sample in groups of Tween 80 and
Tween 60 were much larger than that in groups of Tween 40
and Tween 20. This result occurs because the longer surfactant
chain length could provide a larger steric hindrance among
AuNPs, leading to a stronger ability to prevent the AuNPs
aggregation. As the photographs in Figure 4A show, the most
obvious color difference between the blank and the sample was
observed in the Tween 80 group; thus, we chose Tween 80 as
the surfactant in our experiments.

Figure 4B shows the effect of pH on (Egso/Esz0)piank = (Esso/
ESZO)Sample' With the increase of pH from 6.8 to 7.8, the value of
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(Egs0/Es20)Blank increased sharply. The increase in pH increased
the concentration of the neutral Tris molecules, which
displaced the citrate adsorbed on the AuNPs and led to the
aggregation of AuNPs.** In contrast, the value of (Eg/
Egy0)sample Changed less significantly. This result occurred
because the adsorption of negatively charged S*~ on the
surface of the AuNPs not only prevented the attack of Tris
molecules but also enhanced the stability of AuNPs in the
whole pH range. When the pH was increased to 8.0, the value
of (Egs0/Es20)biank - (Egs0/Es20)sample reached its maximum.
Therefore, a pH of 8.0 was selected.

Figures 4C and D describe the effects of the concentrations
of Tween 80 and NaCl on the value of (Egs/Esy0)pank and
(Egs0/Es20)sample- As shown, 0.015% (v/v) Tween 80 and 80
mM NaCl should be selected, respectively.

Sensitivity. Before testing the sensitivity for H,S in the gas
sample, the sensitivity for Na,S in aqueous solution was
evaluated. The ratio of [(Egso/Es20)pank - (Eeso/ ESZO)Sample]/
[(E650/E520)Blank - (E6SO/E520)M0nodisperse AuNPs] is chosen to
express the concentration of Na,S, and this mathematical
expression is abbreviated as [(Egso/Esp0)piank - (Eeso/
Es30)sample]/Max. Different concentrations of Na,S from 0 to
2 uM were tested. The absorption spectra and color changes
with the presence of different concentrations of Na,$ are shown
in Figure SS in the Supporting Information. A linear calibration
graph was obtained in the range of 0.05—0.4 uM for Na,S (see
Figure SS in the Supporting Information). The detection limit
was calculated to be 30 nM according to the 3o rule (n = 5, see
the Supporting Information).

As mentioned above, the sensing of H,S is intrinsic for
detecting dissolved sulfide; therefore, the highly sensitive
detection for Na,S provides a good prerequisite for sensing
H,S gas. The relation between the dissolved sulfide and gas
sample is described here.

Cy = 107°7(C,-V,/V,,) + V, (1)
In eq 1, C; is the concentration of sulfide when H,S was
dissolved in buffer solution, M; 7 is the efficiency of the H,S
capture; C, is the concentration of H,S in the gas sample, ppm;
V, is the gas sample volume, mL; V,, is the molar volume (20
°C, 101 kpa), 24.0 L-mol™'; and V, is the volume of buffer
solution for the H,S capture, mL.

Different concentrations of H,S from 0 to 3 ppm (v/v) were
spiked in pre-evacuated air bags, and 10 mL of the samples was
bubbled into the Tris buffer solution. The dissolved sulfide was
then detected according to the procedure as mentioned in the
Experimental Section. As shown in Figure SA, the extinction
band at 650 nm decreased gradually with the increase in H,S
concentration from 0 to 3 ppm, and the corresponding color
changed from blue to red (photograph in Figure SA). The test
results indicated that the average efficiency of the H,S capture
() was approximately 75% (see Table SI in the Supporting
Information) which is estimated by the calibration curve in
Figure SS in the Supporting Information. A linear calibration
graph was obtained in the range of 0.1-1.5 ppm for H,S
(Figure SB). The detection limit using a spectrophotometer
was calculated to be 0.08 ppm according to the 3o rule (n = S).
Compared to other conventional H,S sensors (e.g, SMO
sensors),” this method has a longer response time (approx-
imately 16 min) and a higher detection limit, but the proposed
method has the advantage of visual detection of H,S without
any instruments. This method exhibits a naked-eye-detectable
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trations of H,S (B).

limit of 0.5 ppm which is much lower than the limit
recommended by the US National Institute for Occupational
Safety and Health (10 ppm). Thus, it is suitable for on-site
detection in the workplace. In addition, according to eq 1, one
can reason that the detection limit can be lowered if more gas
sample volume is bubbled into the buffer solution. The
experimental results supported our inference well. As Figure S6
in the Supporting Information shows, the sensitivity was
improved when a 100 mL gas sample was bubbled into the
analytical system.

Selectivity. Some control experiments were undertaken to
evaluate the selectivity of the method. Judging from the
detection procedure (see Figure S2 in the Supporting
Information), the gases will dissolve fully in the buffer solution
before the addition of the AuNPs solution, which means the
essence of this probe is to detect dissolved sulfide. Therefore, to
simplify the assay, some solutes, which are in the dissolved form
when the corresponding gases are captured in the buffer, were
used to test the selectivity. First, the gases CO,, NO,, Cl,, and
SO, were synthesized and tested. The test results indicated SO,
(3.0 ppm) could also lead to a strong false positive signal (see
Figure S7 in the Supporting Information). To address the
problem, a silica gel abso?tion column was made to selectively
absorb SO, (Figure 6A). ? As shown in Figure 6B, when the
gas was passed through the system shown in Figure 6A, 10000
ppm of SO, was absorbed completely, and no false positive
signal was generated, while 3.0 ppm of H,S was hardly
influenced, and a significant signal still existed. Second, the
effects of other gases (SO;, NH,;, HF, CH;COOH,
CH,CH20H, HCHO, CH;0H, and CH,SH) were tested by

dx.doi.org/10.1021/am500564w | ACS Appl. Mater. Interfaces 2014, 6, 6300—6307
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Figure 6. The system for selective absorption of SO, (A); [(Egso/
Es20)niank - (Eeso/ Es20)sample]/Max and photographs (inset) of the
response of the AuNPs solutions to the prebubbling of H,S gas
(approximately equal to 1.0 uM Na,S), 10000 ppm of SO, gas, 100
ppm (CO,, NO,, and Cl, gas) and 10.0 uM NH," (NH;), F~ (HF),
SO,*~ (S0;), CH;COOH, CH,CH,0H, HCHO, CH,0H and 1.0
uM CH,SH, respectively (B).

using their dissolved forms (SO,*~, NH,*, F~, CH;COOH,
CH,CH,0H, HCHO, CH;0H, and CH,;SH), which were all
10 uM except for CH;SH (1.0 uM). The selectivity test results
are shown in Figure 6B. Using the system shown in Figure 6A,
only 3.0 ppm of H,S made a high ratio of [(E¢so/Es0)lank -
(Egs0/Es20)sample]/Max, and the AuNPs solution remained red
in color (photograph in Figure 6B). The proposed method can
also be used to detect SO, even in air containing little H,S by
using a wet CuSO,filled absorption column (see Figure S8 in
the Supporting Information). Finally, the interference of the
potential coexistence of gases was also evaluated. Because of the
redox reaction, the oxidizing gases of NO,, Cl,, and SO, cannot
coexist with H,S in air. Therefore, in this interference
experiment, NO,, Cl,, and SO, were not included. Simply,
3.0 ppm of H,S was first diluted in the N, containing 100 ppm
of CO,. Then, the obtained H,S gas was bubbled into the
TBST that contained some other dissolved gases (SO,*,
NH,’, F, CH;COOH, CH,CH,0H, HCHO, CH,OH, and
CH,SH) at 10 M levels except for CH;SH (1.0 uM). The test
results indicated these potential coexisting gases only have a
tiny impact on the H,S sensing (Figure 6B). The good
selectivity can be attributed to the high affinity between Au and
S. In addition, compared to some SMO and electrochemical
sensors, this method is not affected by humidity. In general, the
good selectivity implies that the proposed method could be
used for on-site colorimetric detection of H,S in a gas sample.

Application of H,S Detection in Air. The application of
the proposed method was investigated for the detection of H,S
in local air. All of the air samples were spiked with H,S at
different concentration levels in pre-evacuated air bags, and 10
mL of the samples was bubbled into our analytical system. The
analytical results are shown in Table 1. The detection of H,S
was tested by a standard addition method, and the recovery of
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Table 1. Determination Results of a Simulated Air Sample”

sample spiked/ppm detected/ppm RSD/% recovery/%
1 0.50 0.56 3.0 112.1
2 1.00 1.08 2.7 108.0
3 1.50 1.40 S2 93.3

“The standard deviation was obtained by three measurements.

the spiked H,S ranged from 93.3% to 112.1%. The results
suggest that such a method is applicable to the quantification of
H,S in air.

Bl CONCLUSIONS

In summary, we have developed a low-cost, on-site visual
method for the detection of H,S in air. This method is achieved
based on the antiaggregation of AuNPs by regulating the
surfaces of AuNPs. Due to the high affinity between S and Au,
the sensor exhibits good sensitivity and selectivity. The
proposed method possesses many merits: 1) this method is
low cost (see Table S2 in the Supporting Information), and the
test procedure does not need an auxiliary apparatus, such as a
pump, valve, and detector; 2) the method is simple to conduct,
as it is a label-free sensor without any premodification for
AuNPs; 3) the antiaggregation-based AuNPs assays could avoid
false positives that originate from spontaneous particle
aggregation;*® and 4) the method is easily applied to on-site
detection without using any instruments. In terms of
methodology, though this sensor is not a direct detection
method for gaseous H,S, the operation of both the capture and
the sensing step in the same weak alkaline buffer makes the
whole detection process very simple and coherent. This
method may provide a new route for sensing other pollutants
in a gas sample.
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