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Materials and methods:

1.

2.

Preparation of icosahedral Pd nanocrystals (five-fold twinned Pd):

Icosahedral Pd nanocrystals covered with {I111} facets were synthesized by a slightly
modified chemical method developed by Xia et al.! In a typical synthesis, 2 mL of ethylene
glycol (EG) and 20 mg of polyvinyl pyrrolidone (PVP) were mixed in a 25 mL single-
necked flask and preheated to 160 °C under magnetic stirring. After 10 min, 1 mL EG
solution containing 8.9 mg of Na;PdCls and 16.7 pL of HCI was injected into the flask.
After that, additional 55 pL of HCI was added to the flask quickly. The reaction continued
for further 10 min and instantly terminated by an ice-water bath. The collected products
were washed by deionized water and acetone, and then dispersed in deionized water for

further use.

In situ TEM observation methods:

In this work, two type of heating chips were used to implement our in situ experiments.
The most frequently used chip was that with amorphous carbon coating (E-AHBC,
Protochips Aduro Heating), which was loaded on a heating holder and controlled by the
facilities provided by Protochips company (Protochips Aduro 300 TEM). For the control
experiments, heating chip with an amorphous SiNy substrate was used, which was then
loaded and controlled by the facilities provided by DENSsolutions company (Wildfire D6,
DENSsolutions company). All the in situ TEM experiments were implemented in a FEI Cs-
corrected transmission electron microscope (Titan G? 80-300) operating at 300 kV. The
dose rate was ~5x10* A/m?s and the TEM column pressure was maintained at ~1x10~ Pa
during the experiments. The atomic resolution high angle annular dark-field (HAADF)
images and EDX data were acquired by a Cs-corrected scanning transmission electron
microscope (Titan G? 80-200, ChemiSTEM, FEI) at room temperature, operated at 200 kV.
The STEM column pressure was ~1x107> Pa, the convergence angle of HAADF was ~21.4
mrad, and the annular detection angle was set to be ~53-200 mrad. The heating rate in this

work was 5 °C/s.



3. (S)TEM image simulations of Pd with different crystal phases:
The simulations of HAADF-STEM and TEM images were implemented by using the
QSTEM software through multislice algorithm. Simulated electron diffraction images were
performed by SingleCrystal (CrystalMaker SOFTWARE). The parameters for the

simulations were set based on our experimental conditions.

4. DFT calculations:

First-principles calculations were carried out using density functional theory (DFT) with
generalized gradient approximation (GGA) of Perdew-Burke-Ernzerhof (PBE)
implemented in the Vienna Ab-Initio Simulation Package (VASP).® ° The valence
electronic states were expanded on the basis of plane waves with the core-valence
interaction represented using the projector augmented plane wave (PAW) approach!® and a
cutoff of 400 eV. To investigate the function of graphene on fcc and hexagonal (hex) Pd,
periodic slabs with (8 x 8) fcc and hex Pd unit cells were considered to model the (111) and
(003) surface respectively, which both contains 4 layers. To simplify matters, the hex Pd
model consists of only one Type II unit cell and 63 Type I unit cells, and corresponding
three Pd atoms were removed to avoid steric crash (one Pdi; atom and two Pdy atoms). Besides,
the (9 x 9) unit cells of graphene with one layer was also built. Vacuum layers of 15 A were
added for all of three surfaces. After relaxation, the atoms of graphene surface were added
to the fcc Pd and hex Pd surfaces, respectively. The initial distances between graphene and
Pd surface were both large than 2 A. A I'-centered k-mesh of 1 x 1 x 1 was used due to the
very large supercell size. Convergence is achieved when the forces acting on ions become
smaller than 0.05 eV/A.

Since fcc model has three atoms more than hex model, the total energy of fcc model was
first averaged over atoms and then multiplied the atom number of hex model. For graphene
involved fcc and hex models, the total energies should be deducted the energy of graphene,
which based on the calculation of individual graphene model. Set the energy of fcc models

as benchmarks, the relative energy of hex models can thus be derived.



Supporting Text:

1. Polymorphism of Pd NCs:

According to our best knowledge, the reported crystal phases of Pd contain fcc, hep, hex, 4H
and fct.2”7 Since fct Pd NCs were only obtained by compress fcc Pd NCs with a huge pressure
(~ 25 GPa) in a diamond-anvil cell, we excluded this structure in our work. As for the left Pd
phases, the difference between them can be attributed to the stacking sequence of the close-
packed planes. Fcc phase is accepted that adopts a repeated ‘ABC’ stacking, while hcp and 4H
phase adopts a repeated ‘AB’ and ‘ABAC’ stacking, respectively.? For hex phase, it was
proposed that one intact close-packed plane would be followed by two equivalent defective

ones, which can be regarded as a ‘ABB’ stacking.*



Supporting Movie:

Movie S1. The in-situ observation of the fcc Pd icosahedron dispersed into small Pd NCs with
different crystal phases from a top view. The dose rate was ~5x10* A/m?’s. The images in Figure

2a-d were collected from this movie. The movie plays with 128% normal speed.
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Figure S1. Diameter changes of the target Pd NC (denoted by red dotted circles in Figure

2e-h) and three new Pd NCs randomly selected.



Figure S2. EDX elemental mappings of Pd nanocrystals before and after annealing
(pressure: ~10-5 Pa; temperature: 20 °C). (a) As-prepared Pd icosahedrons before annealing.

(b) New-formed Pd nanocrystals after annealing. (¢) An individual hex Pd nanocrystal.



internal

Figure S3. Compressed carbon onion. (a) TEM images of carbon onion (graphitic shells)
encapsulated Pd icosahedrons. (b) Compressed carbon onion (left) and corresponding profile

image (right).



(b)

Figure S4. New phase (hex phase) of Pd NCs found in the dispersion process. (a) TEM
images and corresponding FFT patterns of the new formed Pd NCs. The orange solid circles

denote the hex Pd NCs. (b) HRTEM images of hex Pd NCs. Insets: single crystal FFT patterns.



(a) HEX (experimental)

(b) HEX (simulated)

(c) FCC (simulated)

(d) HCP (simulated)

Figure S5. Comparison between hex, fce, and hep phases of Pd via HRTEM images. (a) Experimental
HRTEM image of hex phase viewed along [110] direction and corresponding FFT pattern. (b) Simulated
HRTEM image of hex phase viewed along [110] direction and corresponding FFT pattern. (¢) Simulated

HRTEM image of fcc phase viewed along [110] direction and corresponding FFT pattern. (d) Simulated

HRTEM image of hcp phase viewed along [100] direction and corresponding FFT pattern.
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Figure S6. TEM images of the Pd viewed along two different directions. (a, ¢) TEM images
collected from Movie S1 showing a hex Pd changed its orientation. (b, d) Enlarged TEM

images and corresponding FFT pattern taken from the selected area in (a, c), respectively.



| (b)

Figure S7. A HRTEM image of the hex Pd viewed along another typical direction (same
as that in Figure S6d).
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Figure S8. Simulated HAADF-STEM images of Pd. (a) Fcc phase, (b) Hcp phase and (¢)
4H phase.



* (003)y®

(002),(% » (-112),
*(001),° ® (-111),
. ¥ < (-110),

(010),

[(100), - : (-110), (100);, :
L 2 . 5

Figure S9. Experimental and simulated HRTEM images of hex Pd NCs viewing along two
typical directions. (a, f) TEM images of hex Pd NCs viewed along [110] and [001] directions,
respectively. (b, g) Corresponding FFT pattern taken from (a, ). (¢, h) Enlarged images taken
from the selected areas in (a, f). (d, i) Simulated TEM images viewed along [110] and [001]
directions based on the hex Pd model. (e, j) Simulated electron diffraction pattern based on the

, i).



(b)

Figure S10. The control experiments performed on SiNx support. (a, b) No dispersion
process and hexagonal Pd nanocrystals were observed without carbon source. The images were

acquired at 500 °C in vacuum (~107 Pa).



Figure S11. HRTEM images of the hex Pd NCs captured at different temperatures.



Supporting References:

1. Lv, T.; Wang, Y.; Choi, S.; Chi, M.; Tao, J.; Pan, L.; Huang, C.; Zhu, Y.; Xia, Y. Controlled Synthesis of
Nanosized Palladium Icosahedra and Their Catalytic Activity towards Formic-Acid Oxidation. ChemSusChem
2013, 6 (10), 1923-1930.

2. Janssen, A.; Nguyen, Q. N.; Xia, Y. Colloidal Metal Nanocrystals with Metastable Crystal Structures. Angew.
Chem., Int. Ed. 2021, 60 (22), 12192-12203.

3. Walter, J. Template-Assisted Growth of Hexagonal Poly- Or Single-Crystalline Quasi-2D Palladium
Nanoparticles. Adv. Mater. 2000, 12 (1), 31-33.

4. Meyer, H.; Mullerbuschbaum, H. New Form of Palladium Stabilized by Traces of Oxides. J. Less-Common
Met. 1980, 76 (1-2), 293-298.

5. Gao, K.; Wei, X.; Liu, G.; Zhang, B.; Zhang, J. Electrodeposition and Biocompatibility of Palladium and
Phosphorus Doped Amorphous Hydrogenated Carbon Films. Chem. Phys. 2020, 537, 110857.

6. Chen, Y.; Fan, Z.; Luo, Z.; Liu, X.; Lai, Z.; Li, B.; Zong, Y.; Gu, L.; Zhang, H. High-Yield Synthesis of
Crystal-Phase-Heterostructured 4H/fcc Au@Pd Core-Shell Nanorods for Electrocatalytic Ethanol Oxidation. Adv.
Mater. 2017, 29 (36), 1701331.

7. Guo, Q.; Zhao, Y.; Mao, W.; Wang, Z.; Xiong, Y.; Xia, Y., Cubic to Tetragonal Phase Transformation in Cold-
Compressed Pd Nanocubes. Nano Lett. 2008, 8 (3), 972-975.

8. Kresse, G.; Furthmiiller, J. Efficient Iterative Schemes for ab Initio Total-Energy Calculations Using a Plane-
Wave Basis Set. Phys. Rev. B 1996, 54 (16), 11169-11186.

9. Perdew, J.; Burke, K.; Ernzerhof, M. Generalized Gradient Approximation Made Simple. Phys. Rev. Lett.
1998, 77(18), 3865-3868.

10. Blochl, P. Projector Augmented-Wave Method. Phys. Rev. B 1994, 50(24), 17953-17979.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



