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Experimental section
Materials.

Glass slides (15 x 30 mm?) used as substrates were cleaned by immersion in aqua regia
solution (3:1, HCI:HNO;) followed by piranha solution (7:3 concentrated H,SO,/30% H,0,)
and then rinsed repeatedly with Milli-Q water (18.2 MQ cm). All chemical reagents were
used as received without any purification.

Preparation of Au NPs.

Aqueous gold sol with average diameter of ~17 nm was prepared according to the method
of Frens.l'l Briefly, 1.21 mL of 1% aqueous HAuCl, 3H,O solution was added to 100 mL of
triply deionized water, which was then boiled. After that 4 mL of 1% sodium citrate was
added to the solution, which was then boiled for 20 min, obtaining gold nanoparticle of ~17
nm with an absorption band located at 520 nm.

Preparation of Au@Pd NPs.

Au@Pd NPs were synthesied by a seed-growth method.l?] In brief, 223 uL of H,PdCl,

(52.4 mM) was mixed into 30 mL Au sol. After that, a mixture of 1.27 mL of sodium citrate

(1%), 2.54 mL L-ascorbic acid (1%) and 5.89 mL water was added dropwisely into the
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system with continuous stirring for 1h. The obtained Pd shell is ~2 nm. If the amount of
H,PdCl, was changed into 380 uL and 829 pL, the obtained Pd shell thickness are 4 nm and 6
nm, respectively.

Preparation of Pd NPs.

520 pL of H,PdCl, (52.4 mM) was added to 100mL of water. After that a mixture of 4 mL
of sodium citrate (1%) and 4 mL L-ascorbic acid (1%) was added to the solution dropwisely,
which was then stirred for ~1 h.

Preparation of Au@Pd NAs.

Au@Pd NAs on glass substrate were prepared by lifting up of gold monolayer from
water/hexane interface as described previously.!3# Briefly, 10 mL of aqueous Au@Pd sol was
added to a weighting bottle (inner dimension, 3 X3 X6 cm?), and 2 mL of hexane was added
to the top of the colloid solution surface to form an immiscible water/hexane interface. About

4 mL of absolute ethanol was then added dropwisely to the hexane layer, which led to
Au@Pd NPs trapped at the interface. After the hexane layer was evaporated, the Au@Pd NAs
were transferred to glass substrate using the lift-up method. In addition to glass substrate,
Au@Pd NAs could also be transferred to TEM copper grid for measurement.

Preparation and characterization of sensing performance of sensors.

Conductive silver paste was dropped on the surface of Au@Pd NAs with separation of ~0.5
cm, and then dried in air. The H, sensing performance of as-prepared samples were evaluated
using a gas sensing analysis system (CGS-MT, Beijing Elite Tech Co) equipped with a
dynamic gas distribution system at 25 °C. Air was used as carrier gas. 1 V voltage was applied
between electrodes. Before sensing performance testing, all the freshly prepared sensors were
preconditioned in cyclic H, and air atmosphere for several hours until they achieved a stable
baseline. The sensor response is defined as (I,-1,)/1,, where I, and I, are the electrical current

of sensor in H, and air, respectively.



Characterization.

The morphology of the Au@Pd NAs were examined using a Hitachi SU1080 field
emission scanning electron microscope operating at primary electron energy of 15 kV. TEM
images were conducted using a JEOL 2100F electron microscope operating at primary
electron energy of 200 kV.

Table S1. A summary of the saturation behavior of previously
reported wide-detection-range H, sensors

Morphology Dt::;;fn FOMo*® FOMse*@  Ref.
Ae  01100%  ~050  ~020 5
NdCr  01100%  ~040  ~0.10 6

Pd/AU@PETF 5ppm-100% ~0.43  ~0.14 7

Pd Nanodots ~ 0.1-100%  ~0.73  ~0.10 8

PdNAs  0.05-100%  ~0.05  ~0.03 9
Pd/NiNAs  0.05-100%  ~0.05  N.AP 9

Au@Pd o N This
(17/2)NAs  0.1-100% 038 ~0.10 %

Au@Pd o N This
(17/4) NAs ~ 0.1-100% 0.83 048

2 All these data are estimated from figures given in corresponding references. For a sensor
with response increasing lineally with H, concentration, FOMo*=0.9 and FOM;y*=0.5. ®
N.A.=not mentioned
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Fig. S1 TEM image of Au NAs, and the diameter of Au nanoparticle is ~17 nm.
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Fig. S2 High-resolution TEM image of Au@Pd NAs (A). The interplanar spacing between
the adjacent lattice fringes in the shell area is 0.224 nm, which corresponds to the (111) plane

of Pd. The interparticle distances is ~0.5 nm. STEM image (B) and corresponding EDX
elemental mappings (C, D) of a single Au@Pd nanoparticle.
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Fig. S3 Response of Au@Pd (17/2) NAs to 1-0.1% H,.
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Fig. S4 Real-time current variation of Au@Pd (17/4) NAs to 50% H; during preconditioning.
It can be seen the response of the sensor decreases gradually due to the rearrangement of
Au@Pd NPs.
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Fig. S5 Response of Au@Pd (17/4) NAs to H, gas of various concentrations during
preconditioning. During the preconditioning, Au@Pd (17/4) NAs are not able to detect H, gas
reliably due to the rearrangement of NPs.
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Flg S6 SEM images of Au@Pd (17/6) NAs before (A) and after (B) precondltlomng Crackes
can be observed after the preconditioning
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Fig. S7 Cyclic current responses of Au@Pd (17/4) NPs to 50% H, after preconditioning.
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Fig. S8 Response of Au@Pd (17/4) NAs to 1-0.1% H,.
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Fig. S9 A schematic illustration for the possible sensing mechanism of Au@Pd NAs to H,.



A possible sensing mechanism for the detection of H, using Au@Pd NAs.

A schematic illustration for the possible sensing mechanism of Au@Pd NAs to H; is given
as Fig. S9.

For Au@Pd (17/2) NAs, the arrangement of NPs in NAs doesn’t change after the
preconditioning. When the sensor is exposed to H,, the lattice expansion of Pd shell reduces
the mean gap size between NPs, which therefore promotes the electron hopping across the
NAs. The presence of Au core suppresses the phase transition of Pd shell and makes the Pd
lattice expance gradually with the increase of H, concentration, leading to a wide detection
range of 0.1~100%.

For Au@Pd (17/4) NAs, there is a moderate rearrangement of NPs after the
preconditioning. Part of the Au@Pd NPs rearrange into NP segments with gaps of various
sizes. This process reduces the number of current paths for electron hopping, which thus
decreases the base current of the sensor. When sensors are exposed to H, with concentration
less than 5%, only the electron hopping through the left current paths can be promoted,
whereas the newly-generated gaps between NP segments can not be effectively reduced. As
such, the sensing mechanism of Au@Pd (17/4) NAs to low-concentration H, (0.1~5%) are
similar as Au@Pd (17/2) NAs. In contrast, when Au@Pd (17/4) NAs are exposed to high-
concentration H, (>5%), not only the electron hopping through the existing current paths can
be promoted, but also new current paths are able to be generated. Therefore, comapred with
Au@Pd (17/2) NAs, Au@Pd (17/4) NAs show a much more suppressed sensor saturation
(and thus much higher FOM*) at high-concentration H,.

With respect to Au@Pd (17/6) NAs, NPs show the most remarkable rearrangement. The
left current paths after preconditioning are very rare (with base current of 8x10-13 A), thus the
sensor shows almost no response to H, with concentration less than 5%. When exposed to

high-concentration H,, Au@Pd (17/6) NAs have a similar behavior as Au@Pd (17/4) NAs.



As such, Au@Pd (17/6) NAs have high FOM* between 5~100% H,, but lose their sensing
ability to low-concentration H,.
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