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Supplementary Materials:

Supplementary Figures and Figure Captions 1 to 15
Supplementary Videos Captions 1 to 4

Other Supplementary Materials include the following:

Supplementary Videos 1 to 4



Video Captions

Supplementary Video 1. The uniform etching of a Au nanorod without nanobubble. The electron dose
rate was 780 e/A%:s.

Supplementary Video 2. The etching of a Au nanorod with nanobubbles at the side. The electron dose

rate was 370 e/A%s.

Supplementary Video 3. The etching of a Au nanorod with a nanobubble at one end. The electron dose

rate was 370 e/A%s.

Supplementary Video 4. The etching of a Au nanorod with moving nanobubbles. The electron dose rate

was 200 e/A%s.



Supplementary Fig. 1. Characterization of the pristine Au nanorods before etching. a, Low
magnification TEM image of the Au nanorods. b, Representative high resolution TEM of an Au
nanorod. ¢, Fast Furrier transform (FFT) pattern of the image in b. d, STEM-EDS elemental

mapping of an Au nanorod.
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Supplementary Fig. 2. Etching of Au nanorods in air with and without bubbling air into the
solution. a, A TEM image showing Au nanorods are stable in air for 10 min at 70 °C without
bubbling air into the solution. b,e, TEM images showing that Au nanorods are etched with
bubbling air into the solution at 70 °C for 1 and 2 min, respectively. The Au nanorod can be
completely etched in HBr aqueous solution within a few minutes. d, Histograms of nanorod length

distribution under different etching conditions.



Supplementary Fig. 3. TEM image of the solution that is constantly bubbling after being

illuminated with an extended period of time.



Supplementary Fig. 4. Uniform etching of a Au nanorod without gas nanobubbles in the near
distance (also see Supplementary Video 1). a, Sequence of in situ TEM images showing the
morphology changes of Au nanorod during etching without nanobubbles. b, Corresponding

contour map highlighted the uniform shape evolution of the nanorod.
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Supplementary Fig. 5. Plots of projected area of the nanorod as the function of time. The
projected area of nanorod gradually decreases with time while the contrast of nanorod is uniform
(Fig. 2 and Supplementary Video 2), which suggests the indented area is formed by the etching of

nanorod rather than mass redistribution.
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Supplementary Fig. 6. The growth of nanobubbles by Ostwald ripening. a, A sequence of in-
situ TEM images showing the dynamic behavior of nanobubbles (also see Supplementary Video
1). Some nanobubbles grow by consuming other nanobubbles in a close distance. The red arrows
represent the gas transfer directions between two adjacent nanobubbles. b, Diameter changes of
nanobubbles with time. The numbers represent the different nanobubbles marked in a. ¢, Diameter

changes of three neighboring nanobubbles with time. The nanobubble 7 grows through gas transfer

between the two neighboring nanobubbles (4 and 5).
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Supplementary Fig. 7. The local etching rate of a Au nanorod with nanobubbles nearby. a,
A TEM image of nanorod with nanobubbles. b, Local transverse etching rate as a function of the

distance between nanorod and the nanobubble marked by the red arrow in a.

Fig. 8. The local etching rate of a Au nanorod with nanobubbles nearby. a, A TEM image of
nanorod with nanobubbles. b, Local transverse etching rate as a function of the distance between

nanorod and the nanobubble marked by the red arrow in a.
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Supplementary Fig. 9. The local etching rate of a Au nanorod with nanobubbles nearby. a,
A TEM image of nanorod with nanobubbles. b, Local transverse etching rate as a function of the

distance between nanorod and the nanobubble marked by the red arrow in a.
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Supplementary Fig. 10. The local etching rate of a Au nanorod with nanobubbles nearby. a,
A TEM image of nanorod with nanobubbles. b, Longitudinal etching rate as a function of the

distance between nanorod and the nanobubble marked by the red arrow in a.



Supplementary Fig. 11. Time sequential TEM images showing the morphology evolution of
a Au nanorod with a Oz gas nanobubble at an end of nanorod.
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Supplementary Fig. 12. Ratio of the longitudinal etching rate for a Au nanorod with and

without nanobubbles. The plot was achieved by measuring the longitudinal etching rate as a

function of the distance between the Au surface and nanobubble (Fig. 3). And, all the values

divided by the average longitudinal etching rate without a nanobubble during the early stage (0-

150 s).



Supplementary Fig. 13. Time sequential TEM micrographs showing the morphology evolution of a
Au nanorod with the presence of gas nanobubbles. The yellow arrows indicate the moving directions of
the nanobubble near the Au nanorod surface. With the movement of the nanobubbles, The Au nanorod

surface that is closest to the nanobubble exhibits the accelerated etching.
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Supplementary Fig. 14. Ratios of average longitudinal and transverse etching rate (VL/Vbp)
of a Au nanorod without nanobubbles (in green) and with a nanobubble at top (see image in

Fig. 3).
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Supplementary Fig. 15. Promising strategies for accelerating the triple-phase reaction in
different scenarios. a, Ultra-thin liquid layer between gas and solid particles created by
continuously bubbling gas reactant to the liquid. b, Ultra-thin liquid layer (<] nm) created on the
surface of the solid reactant. ¢, Schematic of introducing gas reactants to the surface of a fixed
solid reactant through a venting array. d, Schematic of the gas-liquid etching of solid materials

realized by using a gas vent with a specific shape.



