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Movie S1 shows the growth of palladium dendritic nanostructures (with nuclei precisely

deposited by focused electron beam)

Movie S2 shows the growth of palladium dendritic nanostructures (with nuclei randomly

formed)

Movie S3 shows the growth of palladium dendritic nanostructures starting from the left.

Movie S4 shows the growth of palladium dendritic nanostructures in the thick liquid layer,

which can be taken as a 3D dendritic growth



Figure S1 shows the another example for the in situ growth of palladium 2D DNSs and the

similar analysis as done for the case shown in the maintext (images from Movie S3)

Figure S2 shows the atomic force image of a DNS

Figure S3 gives the SAED pattern of the palladium DNSs shown in the maintext

Figure S4 HAADF image of edge of a palladium DNS

Figure S5 HRTEM image showing the edge structure of a palladium DNS

Figure S6 shows the formation of 3D palladium DNSs in thick liquid layers

Table S1 summarizes the growth rates of different metallic dendritic nanostructures in a few

previous reports

Experimental Section

Stock solutions of tetrachloropalladate (99%, Aldrich) and potassium bromide (99.99%,
Aladdin) were prepared by dissolving the salt in deionized water (Millipore grade) at a
concentration of 0.9 mM and 90 mM respectively. All the chemicals were used as received
without further purification. A liquid-fluid holder from Hummingbird Inc. USA was used for
our experiments. Liquid was sealed by sandwiching two silicon microchips, and each of them
is decorated with a SiN membrane (typically 50 nm thick) which is transparent to the incident
high-energy electron beam in the microscope. Prior to liquid loading, SiN windows were
cleaned with oxygen plasma for 5 minutes in order to remove organic contamination and
render the surfaces hydrophilic. For the liquid loading, firstly a space chip (typically 500 nm
thick about the space) was placed into the chip pocket on the holder, 1 uL of aqueous solution
was then deposited onto the chip with a pipette, a blank chip was finally placed on top of the
first chip. A leakage detector based on a turbo-pumping system was used to assure the
sealing. The microscope was well-aligned before any in situ liquid-cell experiments in order

to decrease the side-effects of electron beam during the extra illuminations.



All the in situ experiments were carried out using a FEI Tecnai G?> F20 microscope. The
microscope was operated at 200 kV, acquiring 512x512 pixel images with a 3.16 ps dwell
time for each pixel, using an average beam current of 500 pA. The probe size is estimated to
ca. 0.53nm based on the equation: d, = (d, + dy + dg)""? where d, is the initial Gaussian
diameter, d, is the spherical aberration limited diameter, and dy is the diffraction-limited
diameter.[s]1] CamStudio was used to capture screens and record all the movies showing the
dynamic process. Radius and fractal dimension of DNSs were analyzed using the Image-J
developed at the National Insititutes of Health. Ex situ TEM and STEM characterizations

were performed using a Tecnai G? F20 and a FEI ChemiSTEM operated at 200 kV.

Fractal dimension calculations:

We used the box dimension method to calculate the fractal dimension of the Pd dendritic
structure. [s2] Boxes with the length of € were used to cover the fractal. Count the number of
occupied boxes, which was represented as N(g). With the decrease of the length €, N(g)
increased. N(g)- € curve was linear in logarithmic relationship, and the slope of the fitted line

was the fractal dimension.

Imagel with a plugin “FractalCount” was used to calculate the fractal dimensions. The fractal
dimension did not vary obviously if we changed the threshed of the binary image,

demonstrating the good reliability of our analysis.

slope = 1.56
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Illustration showing the workflow to calculate the fractal dimention.
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Figure S1. (A) Time lapse series following the growth of dendritic palladium nanostructures. The scale bar is 50
nm. (B) Fractal dimension of the dendritic nanostructures versus time. (C) Dendritic length (corresponding to that
indicated in (A), with the same type of color) versus time. The black solid line is the result of a power law fit of the

form <I> =K(t+b)P. The corresponding three cases: Br=0.59 + 0.02, Bp=0.55 = 0.02, Bp=0.54 + 0.01.
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Figure S2. Atomic force image of a dendritic structure. The hight in the center part is around 30nm.
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Figure S3. Selected area electron diffraction (SAED) pattern of the palladium DNSs confirming the

polycrystalline feature

Figure S4. HAADF image of edge of a palladium DNS. Blue dotted circle indicates the void. Scale bar = 5 nm

Figure S5. HRTEM image showing the edge structure of a palladium DNS. The dotted line in white draws out the

morphology.



Figure S6. Ex-situ TEM images of dendritic nanostructures formed in thick liquid layer (movie S4). (A) Low
magnification image of the dendritic nanostructures, scale bar = 20 nm. (B) High magnification image of the

dendritic nanostructure, scale bar = 5 nm.

Table S1. Comparison of the growth rates reported in present experiments and the previous reported under

conventional synthetic conditions

Product Reaction time Product size Precursor concentration
2-D dendritic gold [s3] ~30 min ~1 pm 0.3 mM(HAuCly)
10 mM(bis(acetonitrile)
Branched palladium [s4] 160 min ~100 nm
palladium dichloride)
Dendritic platinum [s5] 10 min ~20 nm 10 mM(K,PtCly)
Dendritic copper [s6] 10 min ~5 um 0.1 M (CuClp)
2-D dendritic palladium
~1 min ~300 nm 0.9 mM(Na,PdCly)
nanostructures in our case
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