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S1. Methods

S1.1. Chemicals

All chemicals were used directly without further purification. Zirconium tetrachloride
(ZrCly), 1,4-dicarboxybenzene (H,BDC), acetic Acid (HAc, 99.5%), dopamine (DA),
silver nitrate (AgNOs;), sodium sulfide (Na,S), sodium Chloride (NaCl), cysteine
(Cys), glutathione (GSH), hydrogen peroxide (H,0O,), L(+)-ascorbic acid (AA), uric
acid (UA), serotonin (5-HT), ammonium chloride (NH4Cl), tris (hydroxymethyl)
aminomethane (Tris), glycerin (CsHgO3), glycerol, N,N-dimethylformamide (DMF),
were purchased from Macklin. Deionized water (18.2 MQ cm at 25°C) was used
throughout this work. Platinum wire (0.025 mm diameter, 99.99%, Goodfellow, U.K.).
Unless stated otherwise, all experiments were carried out at room temperature.

S1.2. Synthesis of UiO-66(Zr)

UiO-66(Zr) was prepared based on the previous report with slight modifications [1].
Briefly, 0.4 mmol ZrCl, and 0.4 mmol H,BDC, and 28 mmol HAc were successively
dissolved in 28 mL. DMF. The resulting solution was transferred to a 50 mL Teflon-
lined auto-clave and heated at 120°C for 24 h. Then, the obtained mixture was
centrifuged and washed several times with DMF and methanol. Thereafter, the
product was dried under vacuum at 60°C for 18 h for further characterization and
measurements.

S1.3. Synthesis of AgNCs@UiO-66

Initially, 20 mg UiO-66(Zr) was uniformly dispersed in 8 mL of deionized water, and
the aqueous solution of DA (0.1 mg mL!, 8 mL) was slowly added under continuous
stirring for 90 min. After that, the DA modified UiO-66 was obtained by
centrifugation and washed with deionized water. The DA modified UiO-66 was re-
dispersed in 8 mL of water, and 4 mL AgNOs; solution (0.1 mg mL-") was added
dropwise in the above solution. The mixture solution was stirred at room temperature
for about 7 h to allow for the reduction and deposition of Ag nanoclusters (AgNCs).
Subsequently, a grey precipitate was separated by centrifugation at 9000 rpm for 5

min. Finally, the product was dried under vacuum at 60°C for 18 h for further



application.

S1.4. Material characterization

The morphology and structure of the prepared AgNCs@UiO-66 were characterized
using field emission scanning electron microscopy (FE-SEM, 15 kV Quanta 200 FEG,
FEI Company, USA), and transmission electron microscopy (TEM, JEOL-2010). The
crystalline structure was characterized using X-ray diffraction (XRD, Smart Lab 9
KW) with Cu Ka radiation. X-ray photoelectron spectroscopy (XPS, VERTEX 80,
Thermoelectric company, USA) was applied to analyze element composition and
chemical state. The structural characteristics were determined by using the ASAP
2460 3.0le instrument to perform N, adsorption-desorption isotherms at a
temperature of 77.3 k. Fourier transform infrared spectroscopy (FT-IR) tests were
performed on a Hyperion 2000 FT-IR spectrometer. Zeta potential measurements
were acquired on a zeta potential analyzer (NanoBrook 90plus PALS, Brookhaven
Instruments, U.S.A).

S1.5. Fabrication of modified nanopipette

Glass nanopipettes were constructed using quartz capillaries with an outer diameter of
1.0 mm and an inner diameter of 0.7 mm (QF100-70-10, Sutter Instrument, Novato,
CA). Firstly, the capillaries were treated with a piranha solution for 4 h (a mixture of
98% sulfuric acid and 30% hydrogen peroxide in a 3:1 volume ratio, caution: It is
imperative to note that piranha solution is highly reactive with organic substances
and can become dangerously hot during preparation.). After that, the capillaries were
extensively rinsed with distilled water and acetone. The nanopipettes were pulled
using a CO, laser puller (P-2000, Sutter Instrument, Novato, CA) in the following
parameters: HEAT = 700; Fil = 3; VEL = 40; DEL = 175, and PULL = 190. Then the
glass nanopipette with a sharp tip was grinded using micro grinder (EG-402,
NARISHIGE) to obtain a tip diameter of 30 pm. AgNCs@UiO-66 was uniformly
ultrasonically dispersed in deionized water (5 wt %, 1.0 mL). The above dispersion
was injected into the nanopipette and kept overnight to dry.

S1.6. Electrochemical measurements

Before the measurement, the AgNCs@UiO-66/micropipette was back-filled with 0.1



M NaCl solution. The electrochemical measurements were performed in a two-
electrode system using an AutoLab potentiostat (PGSTAT302N, Metrohm, Germany).
In a two-electrode system, an AgNCs@Ui1O-66/micropipette with a platinum wire
inserted inside was served as the indicator electrode, and a platinum wire was applied
as the counter electrode and reference electrode, in which 0.1 M NaCl solution was
used as the electrolyte. All potentials were referenced against the Pt electrode. It was
conducted in a voltage window between +1.0 V and -1.0 V with a scan rate of 50 mV

s'l. The current values at -1.0 V were measured and recorded.



S2. Characterization of AgNCs@UiO-66(Zr)
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Fig. S1. (a) XRD patterns and (b) FT-IR spectra of UiO-66(Zr) and AgNCs@UiO-
66(Zr).

The characteristics bands for UiO-66(Zr) and AgNCs@UiO-66 can be
clearly observed through Fourier transform infrared spectroscopy (FTIR) (Fig.
S1b). The weak absorption band at 1660 cm! corresponds to the stretching
vibrations of the C=0O bond in the carboxylic acid moiety of BDC. The
characteristic bands at 1580 cm! and 1399 cm’! are attributed to the
asymmetric O-C-O stretching and symmetrical O-C-O stretching within BDC.
The band at 1506 cm! is related to the vibrations in the C=C bonds of benzene
rings. Furthermore, the bands observed at 825, 746 and 668 cm™! are attributed

to the vibrations of the OH and C-H groups in the BDC ligand [2].
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Fig. S2. Full scan XPS spectra of UiO-66(Zr) and AgNCs@UiO-66(Zr).
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Fig. S3. High resolution XPS spectra of (a) C 1s, (b) O 1s, (¢) Zr 3d, (d) Ag 3d in
Ui0-66(Zr) and AgNCs@UiO-66(Zr).
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Fig. S4. (a) N, adsorption/desorption isotherms and (b) pore size distributions of UiO-
66(Zr) and AgNCs@UiO-66.



S3. Micropipette characterization

Micropipette AgNCs@UiO-66/Micropipette

Fig. S5. (a, b) Optical images and (c, d) SEM images of (a, ¢) a typical micropipette
and (b, d) AgNCs@Ui0O-66 modified micropipette.
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Fig. S6. The current-voltage (I-V) curves of micropipette, UiO-66(Zr) and
AgNCs@Ui0O-66 modified micropipettes in 0.1 M NaCl in the absence (dotted line)

and in the presence of 0.1 uM Na,S (solid line) in a potential ranged between -0.1 V
and +0.1 V.



Table S1. Resistance of micropipette, UiO-66(Zr)/micropipette, AgNCs@UiO-
66(Zr)/micropipette measured in 0.1 M NaCl and 0.1 M NaCl containing 0.1 pM

Na,S
Resistance (MQ)
0.1 M NaCl 0.1 M NaCl + 0.1 uM Na,S
micropipette 20.2 19.8
UiO-66(Zr)/micropipette 53.1 58.6
AgNCs@UiO-66/micropipette 95.2 49.3

The micropipette, UiO-66(Zr)/micropipette, and AgNCs@UiO-66/micropipette
were characterized in in 0.1 M NaCl solution (Fig. S5). Their I-V slopes area
gradually increased, that is, the corresponding resistances are increased (Table S1).
Diameters of the micropipettes can be calculated electrochemically using the slope of
current-voltage (I-V) curves and based on the following equation. The diameter (2a)

at the tip of the nanopipette was calculated to be 31 =3 um

1
a=

2]
mkRtan —
2 (S1)

R is the measured resistance, k is the specific resistance of the electrolyte used (k =
2.5 S m'in 0.1 M NaCl), 0 is the cone angle (3.1° in this case), a is the orifice radius
of the nanopore at the tip of the nanopipette.

As observed, the bare micropipette exhibits the lowest resistance as 20 MQ.
While the resistance is greatly increased with the modification of UiO-66(Zr). And
AgNCs@UiO-66 nanochannels lead to higher resistance. Meanwhile, in the presence
of 0.1 uM Na,S, there are no obvious change on the resistances at micropipette, UiO-
66(Zr)/micropipette.

The micropipette and UiO-66(Zr)/micropipette exhibit no significant selective



response to S> upon the addition of 0.1 uM Na2S, resulting in minimal change in
resistance. In contrast, as for the AgNCs@UiO-66/micropipette, increasing Na2S
enhances ion flux and surface charge within the nanochannels, consequently lowering
resistance.

S4. Zeta potentials of UiO-66, AgNCs@UiO-66
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Fig. S7. Zeta potentials of UiO-66, AgNCs@Ui10-66, and AgNCs@UiO-66 interacted

with different concentrations of Na,S.



SS. Interference and stability measurement
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Fig. S8. (a) Interference test of AgNCs@UiO-66/micropipette toward 1.0 uM H,S
with the presence of sulfur-containing substances, other electroactive substances, and
inorganic ions. (b) Stability measurements of AgNCs@UiO-66/micropipette toward
Na,S for 330 min in 0.1 M NaCl solution. Three concentrations of 10 nM, 100 nM,

and 1.0 uM were tested.

As is well-known, it is susceptible to interference from electroactive
species, particularly sulfur-containing species co-existed with sulfide ions,
which could form an Ag—S bond and affect the sensing of Na,S. In this work,
the potential interference of AgNCs@UiO-66/micropipette is evaluated. Fig.
S8a shows the current ratio of AgNCs@UiO-66/micropipette toward 1.0 uM
Na,S in the presence of the electroactive and sulfur-containing species (20 pM
Cys, 20 uM GSH, 10 pM H,0,, 200 uM AA, 10 uM DA, 50 uM UA, 10 uM 5-
HT). No obvious change in the current ratios is observed, indicating the
favorable selectivity of the AgNCs@UiO-66/micropipette. The formed
AgNCs@Ag,S could be recognized as an ion-selective membrane, which could

minimize the interaction of AgNCs with other sulfur-containing species, thus



avoiding interference [3]. Besides, UiO-66(Zr) nanoparticles integrated with
AgNCs present the sub-nanochannels could weaken the diffusion of other
electroactive species and prevents the contact of other macromolecular
disruptors, thereby minimizing the interference [4,5]. Meanwhile, the surface
charge within the AgNCs@UiO-66/micropipette modulates ion transport
behaviors, and the interplay between the surface charge, ion mobility, and the
results in electric field gradients governs the overall electrochemical dynamics,
which further affect the diffusion of electroactive species. Similarly, the effect
of the species that coexist in bacterial culture medium was also investigated. As
observed, the current ratios of the AgNCs@UiO-66/micropipette toward 1.0
uM Na,S are almost stable in the presence of the ingredients in bacterial culture
medium (18.6 mM NH4Cl, 90.8 mM Tris, 0.099 mM CacCl,, 4.2 mM KCl, 23.1
mM MgCl,-6H,0, 2.0 mM MgSO,, 2.0 mM sodium glycerophosphate). These
results indicate that the AgNCs@UiO-66/micropipette exhibits high selectivity
toward Na,S with high anti-interference capability.

Subsequently, the stability of the AgNCs@UiO-66/micropipette toward
Na,S was evaluated. The corresponding current responses are detected by I-V
scanning in 0.1 M NaCl, and Fig. 4b shows the repeated current ratios at an
interval of 10 min on the sensing of Na,S in the concentrations of 0.01 uM, 0.1
uM and 1.0 uM. No remarkable changes in ratios are observed for a long-time
measurement (330 min), and the relative standard deviations (RSDs) are
calculated to be 4.04%, 1.32% and 1.38%, respectively. The results
demonstrate that AgNCs@UiO-66/micropipette exhibits high stability in the

monitoring of Na,S.



S6. Bacterial sample measurement

Fig. S9. Optical images of (a) bacterial culture and (b) the bacteria.



S7. A comparison in sensing performance

Table S2. A comparison of the sensing performance toward H,S.

Material/Electrode Method Electrolyte + Linear range (uM) LOD Refs
Sulfur species (uM)

Bi-MOF-based PAD Colorimetric 0-40 0.23 [6]

TPABF-HS Fluorescence NaHS 0-1000 0.42 [7]

Si/CdTe NPs Fluorescence 1-20 0.3 [8]

RO-H,S fluorescence 0-150 0.37 [9]

Luc-H,S Fluorescence 0.01 M PBS 0-100 0.337 [10]

Cu[GluC] Fluorescence Na,S 20-120 0.0496 [11]

L-Cu?* Probe Fluorescence Na,S 1-11 0.0206 [12]

FGGH-Cu Fluorescence NaHS 0.0222 [13]

Ti/TiO,@HSP Photoelectrochemistry 0.01 M PBS 0.05-20 0.0078 [14]

Bi/CFME Photoelectrochemistry PBS + Na,S 0-200 0.0074 [15]

microelectrode

Cu-HHTP@Zn-TCPP Photoelectrochemistry 0.1 M Tris + Na,S 0.1 —1500 0.62 [16]

NH,-UiO- Photoelectrochemistry Na,S 2.5-100 0.78 [17]

66@Bi,0;/SWCNT

film

Ag,S/AgNCs/CF Electrochemistry 250 uM KC1 + 02-16.4 0.07 [18]
Na,S

RuCu-HHTP/CF Electrochemistry 0.1 M PBS 0.5 — 594400 0.5 [19]

DHP- Electrochemistry Tris-HCI buffer 0.002 — 0.1 0.0008 [20]

SQR/AuNPs/LIGE

PB/SPE Electrochemistry 0.1 M KCI1 + 10 - 100 3.0 [21]
NaHS

Ag@Ag,S core—shell Electrochemistry 0.1 M PBS + 10 — 460 4.0 [22]

NPs Na,S 600 — 11000

CuFe,04/Ben/GCE Electrochemistry 0.1 MPBS + 0.005-10.0 0.00021 [23]
Na,S

CoGPCs/G-FET Electrochemistry Na,S 0.00001 — 1000 0.00001 [24]

CoNi-MOFs Electrochemistry 0.1 M PBS + 2 —2000 1.96 [25]
Na,S

AgNCs@UiO-66/ Electrochemistry 0.01 M NaCl + 0.0001 - 100 0.0001 This

micropipette Na,S Work

PAD: paper analysis device; TPABF-HS: triphenylamine-benzofuran for hydrogen sulfide;

RO-H,S: 10-(diethylamino)-3-(2,4-dinitrophenoxy)-5,6-dihydrobenzo[ c]xanthen-12-ium; FGGH:

FITC-Gly-Gly-His-NH,; Ben: lotus leaf-derived carbon material; HSP: H,S-specific probe;
CFME: carbon fiber microelectrode; CF: carbon fiber; GF: DHP: Dihexadecylphosphate; SQR:
quinone oxidoreductase; LIGEs: laser-induced graphene; CoGPCs: cobalt phthalocyanine RGO

nanocomposites; FET: field-effect transistor
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