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Supplementary Information 

 

Figure S1. The 4f7/2 energy shifts positively as the Pt 

cluster size decreases for Pt deposited on (a) pristine 

CNTs,1 (Reprinted with permission from Bittencourt et. al, 

“Platinum–carbon nanotube interaction”, Chem. Phys. Lett. 

2008, 462, 260-264. Copyright (2014) by Elsevier), (b) 

HOPG,2 (Reprinted with permission from Marcus et al, 

“XPS study of the early stages of deposition of Ni, Cu and 

Pt on HOPG”, Surf. Sci. 1997, 392, 134-142. Copyright 

(2014) by Elsevier), (c) TiO2(110) at 300K,3 (Reprinted 

with permission from Steinruck et al. “Ultrathin films of Pt 

on TiO2(110): Growth and chemisorption-induced 

surfactant effects” Phys. Rev. B. 1995, 51, 2427-2439. 

Copyright (2014) by the American Physical Society.) and 

(d) Multi-wall CNT with untreated, and plasma-treated by 

Ar and O2,
4(Reprinted with permission from Yang et. al. 

“Strongly Enhanced Interaction between Evaporated Pt 

Nanoparticles and Functionalized Multiwalled Carbon 

Nanotubes via Plasma Surface Modifications: Effects of 

Physical and Chemical Defects”, J. Phys. Chem. C 2008, 

112, 4075-4082. Copyright (2014) by ACS). 
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Figure S2. Rh 3d5/2 energy shifts positively with the 

decrease of its coverage for Rh deposited on the (a) well-

ordered, (b) slightly Ar+-pretreated, (c) strongly Ar+-

pretreated TiO2(110)-(1x1) surfaces,5 (Reprinted with 

permission from Berkó et. al, “Encapsulation of Rh 

Nanoparticles Supported on TiO2(110)-(1 × 1) Surface:  

XPS and STM Studies”, J. Phys. Chem. B 1998, 102, 3379-

3386. Copyright (2014) by ACS), (d) TiO2 (110) surface at 

300K. The spectra corresponds to equivalent Rh coverage 

of about 0.1, 0.2, 0.3, 0.45, 0.6, 0.75 and 1.5 monolayers 

(ML),6 (Reprinted with permission from Sadeghi and 

Henrich, “Rh on TiO2: model catalyst studies of the strong 

metal-support interaction”. Applications of Surface Science 

1984, 19, 330-340. Copyright (2014) by Elsevier), (e) TiO2 

(110) surface at 300 K and  (f) TiO2 (110) surface at 160 

K,7 (Reprinted with permission from Óvári and Kiss, J., 

“Growth of Rh nanoclusters on TiO2: XPS and LEIS 

studies”. Appl. Surf. Sci. 2006, 252, 8624-8629.Copyright 

(2014) by Elsevier). 

 
 

 

 

 

Figure S3. Lattice constant contracts with reducing the 

nanoparticle size for Pt deposited on (a) NiAl(110) 

substrate,8 (Reprinted with permission from Klimenkov 

et.al, “The structure of Pt-aggregates on a supported thin 



aluminum oxide film in comparison with unsupported 

alumina: a transmission electron microscopy study”,Surf. 

Sci. 1997, 391, 27-36. Copyright (2014) by Elsevier), (b) 

Cu (111) at 300k,9 (Reprinted with permission from Shen 

et. al, “Stacking and structure of platinum on Cu (1 1 1) up 

to five monolayers”, Nuclear Instruments and Methods in 

Physics Research Section B: Beam Interactions with 

Materials and Atoms 1998, 135, 361-365. Copyright (2014) 

by Elsevier), (c) Pt (422) and Pt (111) at 300K,10 

(Reprinted with permission from Solliard and Flueli, 

“Surface stress and size effect on the lattice parameter in 

small particles of gold and platinum”, Surf. Sci. 1985, 156, 

Part 1, 487-494. Copyright (2014) by Elsevier), and (d) 

Rh,11 (Reprinted with permission from Fulton et. al, “When 

is a Nanoparticle a Cluster? An Operando EXAFS Study of 

Amine Borane Dehydrocoupling by Rh4-6 Clusters”, J. 

Am. Chem. Soc. 2007, 129, 11936-11949.Copyright (2014) 

by ACS). 

 

 

 

 



 

Figure S4. The spin-polarized DOS of (a-d) 5d-Pt singlet 

state, and (e-h) 5d-Pt triplet state, and (i-l) 4d-Rh quartet 

state. Inset is the difference between spin-up and spin-down 

states in DOS. The spin-up and spin-down configurations 

are indicated by the up and down arrows, respectively. The 

Fermi level is set at 0 eV. Same as CO147 and MD75 of Pt 

and Rh NPs shown in Figure 6 of the main text, the DOS 

distributions of spin-up and spin down states split for triplet 

state of Pt and quartet state of Rh whereas no split for the 

singlet state of Pt for various cluster sizes and structures, 

indicating the magnetic property is related to the under-

coordinated atoms in the skin regardless of the size and 

structures of Pt and Rh NPs. 





 

Figure S5. The spin-polarized PDOS of (a-d) 5d-Pt singlet 

state, (e-h) 5d-Pt triplet state, and (i-l) 4d-Rh quartet state. 

Inset is the difference between spin-up and spin-down 

states in DOS. The spin-up and spin-down configurations 

are indicated by the up and down arrows, respectively. The 

Fermi level is set at 0 eV. Same as CO147 and MD75 of Pt 

and Rh NPs shown in Figure 6 of the main text, the PDOS 

distributions of spin-up and spin down states split for triplet 

state of Pt and quartet state of Rh whereas no split for the 

singlet state of Pt for various cluster sizes and structures, 

indicating the magnetic property is related to the under-

coordinated atoms in the skin regardless of the size and 

structures of Pt and Rh NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1. The effective CN (zi), bond length (di),
12-21   

 bond contraction coefficient (Ci), shell index (i), magnetic 

moment (μ),22-26 and “charge transfer” of atoms27-31 at 

different positions of Pt13 and Rh13 nanoclusters. The results 

obtained by double numerical (DN) basic set in Dmol3.32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S6. The spin-polarized DOS of Pt with singlet and 

triplet states for (a-b) CO13 and (c-d) MD13 structures 

calculated by DN basic set in Dmol3. Inset is the difference 

between spin-up and spin-down states in DOS. The spin-up 

and spin-down configurations are indicated by the up and 

down arrows, respectively. The Fermi level is set at 0 eV. 

 

Structure Position 

atom 

zi di  

(Å) 

Ci-1 

(%) 

Shell  

i 

Magnetic moment  

(μ) 

“Charge Transfer” 

(e) 

   Pt 
Singlet 

Pt 
Triplet 

Rh  Pt 
Singlet 

Pt 
Triplet 

Rh  Pt 
Triplet 

Rh Pt 
Singlet 

Pt 
Triplet 

Rh 

CO13 1~2 2.00 2.716 2.716 2.652 -2.14 -2.12 -1.39 1 1.896 2.856 -0.120 -0.120 -0.240 

MD13 2~4 - 2.696 2.696 2.625 -2.84 -2.84 -2.42 - - - - - - 

 1~3 2.43 2.793 2.793 2.715 -28.83 -28.83 -28.64 1 1.894 2.850 -0.087 -0.085 -0.226 

 



 

 

 

 

Figure S7. The spin-polarized PDOS of Pt with singlet and 

triplet states (a-b) CO13 and (c-d) MD13 structures 

calculated by DN basic set in Dmol3. Inset is the difference 

between spin-up and spin-down states in PDOS. The spin-

up and spin-down configurations are indicated by the up 

and down arrows, respectively. The Fermi level is set at 0 

eV. 

 

 

Figure S8. The spin-polarized DOS of Rh with quartet 

state (a) CO13 and (b) MD13 structures calculated by DN 

basic set in Dmol3. Inset is the difference between spin-up 

and spin-down states in DOS. The spin-up and spin-down 



configurations are indicated by the up and down arrows, 

respectively. The Fermi level is set at 0 eV. 

 

 

Figure S9. The spin-polarized PDOS of Rh with quartet 

state (a) CO13 and (b) MD13 structures calculated by DN 

basic set in Dmol3. Inset is the difference between spin-up 

and spin-down states in PDOS. The spin-up and spin-down 

configurations are indicated by the up and down arrows, 

respectively. The Fermi level is set at 0 eV. 
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