
Supplementary Information 

Material Characterizations 

Transmission electron microscopy (TEM) and high-resolution TEM (HRTEM) were performed on a TECNAI G2 20 S-

Twin operated at 200kV and TECNAI G2 F30 operated at 300 kV. Elemental mapping and energy dispersive X-ray spectra 

(EDX) were obtained with a FEI Titan Cubed 60-300 with Chemi-STEM technology and a JEOL ARM200F Cs STEM. X-ray 

diffraction (XRD) patterns were collected with a Rigaku Ultima III dffractometer system using a graphite-monochromatized 

Cu-Kα radiation at 40kV and 40mA. 

 

Experimental Section 

 

Preparation of Rh-Pt dendritic nanostructure 

 A slurry of Pt(acac)2 (12.7 μmol), 1,2-hexadecanediol (0.93 mmol), stearic acid (53 μmol) and octadecylamine (22.5 mmol) 

was prepared in a 100 mL Schlenk tube, equipped with a bubbler, with a magnetic stirring at 90 oC. The tube, placed in the oil 

bath, was heated to 90 oC for 10 min and then evacuated for 10 min with a magnetic stirring, and finally purged with CO gas. 

Resulting reaction mixture was heated up to 200 oC, and kept at that temperature for 30 min under CO gas condition. The 

reaction mixture was allowed to cool down to room temperature, and then was placed under 1 atm Ar gas. A solution of 

Rh(acac)3 (25 μmol) in 1 mL toluene was added to the reaction mixture via a syringe. After that, the reaction mixture was 

heated up to 170 oC and kept at that temperature for 6 h. Finally, dark black precipitates could be obtained by cooling down the 

solution to room temperature and then by centrifugation with added methanol/toluene. 
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Fig. S1. Size distribution of a) Pt cube and b) Rh-Pt dendritic heteronanostructure. 

 

 

 

 

 

 

 
Fig. S2. X-ray diffraction patterns: a) Pt nanocube; b) Rh nanoparticle; c) dendritic Rh-Pt heteronanostructure. Pt diffraction 
pattern (JCPDS card no. 04-0802) and Rh diffraction pattern (JCPDS card no. 01-1214) are shown with red and blue dotted 
lines, respectively.  

 

 

 



 
Fig. S3. Energy dispersive X-ray spectrum corresponding HAADF-STEM images of Rh-Pt heteronanostructures at reaction 
time of a) 30 min, b) 60 min, and c) 6 h. 

 

 

 

 

 

 

 

 

 

 

 

 



 
Fig. S4. a) TEM image of Rh-Pt heteronanostructure after 60 min of reaction, b) HAADF-STEM image of a), c) corresponding 
energy dispersive X-ray spectrum, d) elemental line profile along with the red line in b), and e) corresponding elemental 
mapping of Pt (red) and Rh (orange) of particle in a). 

 

 

 

 

 

 

 

 

 



Fig. S5. a) HAADF-STEM image of Rh-Pt heteronanostructure
red line in a). The line profile from 5 nm to 13 nm indicates that the outer small nanocubes are composed of Rh

 

 
Pt heteronanostructure after 6 h of reaction, b) elemental line profile along with the 

red line in a). The line profile from 5 nm to 13 nm indicates that the outer small nanocubes are composed of Rh

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

after 6 h of reaction, b) elemental line profile along with the 
red line in a). The line profile from 5 nm to 13 nm indicates that the outer small nanocubes are composed of Rh-Pt alloy.  



 

 

 

 

 

 

 

Fig. S6. TEM images of Rh-Pt dendritic nanostructures obtained by 
equiv, and c) 5 equiv.  

 
nanostructures obtained by controlling the amount of 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

controlling the amount of Rh precursor: a) 1 equiv, b) 2 



 

a) b)

Fig. S7. Calculation model of a) cube on cube shape, b) core concave, 

Calculation of relative surface areas of dendritic structure.

The dendritic of Rh-Pt cubes-on-cube nanostructure with core Pt concave nanocube and 24 smaller 

nanocubes. 

For Pt concave nanocube.  

The concave cube with edge length AB = 

The surface area of Pt concave nanocube = 6 * lateral surface area of pyramid OABCD

lateral surface area of OABCD = SOAB

→S	 = 6 ∗ 4 ∗  ∗ OP ∗ a =
With P is midpoint of CD, OP = √H
→ S	 = 12 ∗ a ∗  + h
Volume:  

Volume of Pt concave = cube edge length a 
→ =	 − 6 ∗  ℎ ∗  =
For smaller cubes at the branches. 

Smaller cube with edge length a1 and they connect with Pt concave core at corner and edge of small cube.

c)

odel of a) cube on cube shape, b) core concave, and c) projection of core concave on front plane.

Calculation of relative surface areas of dendritic structure. 

cube nanostructure with core Pt concave nanocube and 24 smaller 

The concave cube with edge length AB = a, and concave feature OH = h.  

The surface area of Pt concave nanocube = 6 * lateral surface area of pyramid OABCD

OAB + SOAC + SOBC + SOCD = 4*SOCD = 4*1/2*OP*CD= 12 ∗ OP ∗ a 

HP + OH =  + h 

h 

Volume of Pt concave = cube edge length a – 6*volume of pyramid OABCD  = 13 ∗  = 13ℎ ∗  

=  − 2 ∗ ℎ ∗  

 

and they connect with Pt concave core at corner and edge of small cube.

 

concave on front plane. 

cube nanostructure with core Pt concave nanocube and 24 smaller 

The surface area of Pt concave nanocube = 6 * lateral surface area of pyramid OABCD 

= 4*1/2*OP*CD 

and they connect with Pt concave core at corner and edge of small cube. 



Total surface area of smaller cubes: 

S = 24 ∗ 6 ∗  = 144 ∗  

Total volume of smaller cubes: 

V = 24 ∗  

Branch with formed RhPt@Rh and pure Rh shell very thin so we can said branch with alloy PtxRh1-x 

→ dendritic Rh-Pt heteronanostructure formed Pt@PtxRh1-x 

where x is mass of Pt in branches V	 ∗ ρ + V ∗ ρ ∗ xV	 ∗ ρ + V ∗ ρ ∗ x + V ∗ ρ ∗ (1 − x) ∗ 100 = %Pt V	 ∗ ρ + V ∗ ρ ∗ xV	 ∗ ρ + V ∗ ρ ∗ x + V ∗ ρ ∗ (1 − x) = %Pt100 = m 

→ x = m ∗ V ∗ ρ + V	 ∗ ρ ∗ (m − 1)m ∗ V ∗ ρ + V ∗ ρ ∗ (1 − m)  

m can get from EDAX of dendritic Rh-Pt heteronanostructure. 

Apply for dendritic Rh-Pt heteronanostructure (standard deviations measured from 100 NPs) 

 a = 12.71 ± 0.64 nm; h = 2.41 ± 0.15 nm; a1 = 7.54 ± 0.60 nm 

S	 ≓ 1036.62	nm 

V	 ≓ 1274.58	nm 

S ≓ 8186.63	nm 

V ≓ 10287.87	nm 

From EDAX data (figure S3c): %w Pt = 50.696% → m = 0.50696;  

                                                   ρPt = 21.45*10-21g.nm-3; ρRh = 12.41*10-21g.nm-3 

→ x = 0.295  àTherefore, the dendritic Rh-Pt heteronanostructure has the composition of  Pt@Pt0.3Rh0.7 



 

 

Fig 

Conditions 

Pt(acac)2 

(for seed) 
Rh(acac)3 

HDD 

(mmol) 

SA 

(μmol) 

ODA 

(mmol) 
Toluene 

Gas 1 for 

200 oC 

reaction 

Gas 2 for 

170 oC 

reaction 

S8a  25 μmol 0.93  53 22.5  1 ml  Ar 

S8b  25 μmol 0.93 53 22.5 1 ml  CO 

S8c 12.7 μmol 

25 μmol 

added together 

with Pt(acac)2 

0.93 53 

22.5 1 ml CO Ar 

S8d 12.7 μmol 

25 μmol 

added together 

with Pt(acac)2 

0.93 53 

22.5 1 ml Ar  

S8e 12.7 μmol 25 μmol 0.93 53 22.5  CO Ar 

S8f 12.7 μmol  0.93 53 22.5 1 ml Ar  

 
Table S1. The reaction conditions for various Rh-Pt dendritic heteronanostructures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
Fig. S8. TEM images of accompanied product morphologies (to Table S1) of a) Rh nanoplates & various Rh nanoparticle 
shapes, b) Rh nanoplates & tetrahedron, c) Pt cube with non-uniform Rh arms& irregular-shaped and isolated Rh particles, d) 
poorly defined Rh & Pt nanostructures, e) Pt cubes & separately formed Rh nnaoparticles, and f) poorly defined Pt dendrites. 

 

 

 

 

 

 



 
Fig. S9. TEM images of Rh-Pt dendritic heteronanostructures formed at a) 150 oC, b) 160 oC, c) 170 oC, d) 180 oC, e) 190 oC, 
and f) 200 oC.  
 
 
 
 
 
 
 
 
 
 



 
Fig. S10. Temporal TEM images of intermediates to dendritic {100}
min, and d) 6 h. Red dotted circles in Fig. S10
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ntermediates to dendritic {100}Pt nanostructures at reaction time of 
in Fig. S10c indicate Pt nanostructures, which are not based on Pt 

Pt nanostructures at reaction time of  b) 30 min, c) 150 
not based on Pt nanocube seeds. 



 
 
Fig. S11. The formation of facet uncontrolled dendritic nanocrystals by using 
polyhedral Pt nanocrystal seeds and b) dendritic nanocrystal
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

facet uncontrolled dendritic nanocrystals by using polyhedron Pt 
and b) dendritic nanocrystals grown from the Pt nanocrystals in a)

polyhedron Pt seeds: a) facet-uncontrolled 
a).  



 

 
 
Fig. S12. TEM images of a) facet-uncontrolled Au nanoparticles and b)
Au nanoparticles in a). [Note: We could not synthesize or stabilize 
conditions similar to those described in the manuscript; only spherical Au nanoparticle or Pd nanosheet were obtained. In the
case of spherical Au used as seeds, only facet uncontrolled dendritic na
importance of facet-controlled nature of seeds
 

uncontrolled Au nanoparticles and b) facet uncontrolled Au-
We could not synthesize or stabilize shape controlled Au or Pd nanocrystals under the reaction 

conditions similar to those described in the manuscript; only spherical Au nanoparticle or Pd nanosheet were obtained. In the
case of spherical Au used as seeds, only facet uncontrolled dendritic nanocrystals were obtained. This seems to indicate the 

of seeds in the formation of facet-controlled dendritic nanostructures

-Rh nanodendrites grown from 
shape controlled Au or Pd nanocrystals under the reaction 

conditions similar to those described in the manuscript; only spherical Au nanoparticle or Pd nanosheet were obtained. In the 
nocrystals were obtained. This seems to indicate the 

controlled dendritic nanostructures]. 


