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Aims of study 

Åto characterize the interactions of 
buckminsterfullerene C60, CNTs or BNNTs 
with ferromagnetic transition metals, 
namely, Fe, Co and Ni, as well as half-
metallic La0.7Sr0.3MnO3  

Åto elucidate the nature of spin polarization 
of the nanosized fragments caused by 
interactions with ferromagnetic supports 
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Utilization of carbon and BN nanotubes for 
spintronic purposes 

ÅContact-induced spin 
polarization in 
graphene and h-BN 
on nickel and cobalt 

ÅGraphene and h-BN 
as nanotubes of 
infinite diameter  

ÅFinite thickness and 
curvature of CNT and 
BNNT influences the 
interface properties 
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Organic spin valves 
Å Rubrene 

Å Pentacene 

Å Alq3  (tris(8-hydroxyquinolino)aluminum) 

Å C60 is considered to be especially promising 
due to the absence of atoms other than carbon 
and, hence, weaker hyperfine interaction. 

Å Complex behavior combining GMR resulted 
from spin injection and TMR due to the 
presence of pinholes in organic spacer 

Å Aluminum oxide was found to suppress cobalt 
diffusion into the spacer layer effectively.  

Å Competition between positive GMR channel 
and pinhole channel  

 

Å The nature of interface between C60 and 
LSMO is relatively less investigated 

4 R. Lin et al., Synth. Met., 2011, 161, 553. 

C. Barraud et al., Nat. Phys., 2010, 6, 615. 

F. Li, ACS Appl. Mater. Interfaces, 2013, 5, 8099. 
 



Lanthanum strontium manganite 
La0.7Sr0.3MnO3  

ÅHigh Curie 

temperature ɉ˟̒Ѐσχπ˗Ɋ 

ÅColossal 

magnetoresistance 

ÅHalf-metallicity 

ÅHigh efficiency of spin 

injection 

ÅUsage in spintronics, 

spin valves 
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J.-H. Park et al. Nature 392 , 794-796 (1998) 
doi:10.1038/33883  



Computational methods 

ÅVienna Ab-initio Simulation Package 

ÅPeriodic boundary conditions 
ÅLDA/GGA PBE  

ÅHubbard correction (GGA+U) 
ïU=2 and J=0.7 for Mn in LSMO 
ï C. Ma, Z. Yang, and S. Picozzi, J. Phys. Condens. Matter, 2006 18, 7717. 
ï S. Picozzi, C. Ma, Z. Yang, R. Bertacco, M. Cantoni, A. Cattoni, D. Petti, S. Brivio, and F. Ciccacci, Phys. Rev. B, 

2007, 75, 94418. 
ï B. Zheng and N. Binggeli, Phys. Rev. B, 2010, 82, 245311. 

ÅGrimme D3 correction for van-der-Waals 
interaction 

ÅPlane wave basis set 

ÅUltrasoft pseudopotential/PAW method 
ÅBader charge analysis 
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Configurations of carbon and BN nanotubes on Co(0001) 

and Ni(111) slabs 
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Nanotube  Metal  top:fcc top:hcp 

CNT(9,0)  
Co -4.646 -4.720 

Ni -2.600 -2.374 

CNT(10 ,0) 
Co -4.523 -4.360 

Ni -2.260 -2.311 

BNNT(9,0)  
Co -3.876 -3.926 

Ni -1.891 -1.693 

(a) top(N):hcp(B); (b) top(N):fcc(B) (a,b) top:fcc; (c,d) top:hcp 



Substrate-induced conductivity in BNNT 
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PDOS for B (a) and N (b) atoms in 
BNNT(5,5)/ Ni system.  

Spatial spin density distribution in 
BNNT(9,0)/ Co (a) and 

BNNT(9,0)/ Ni (b).  Yellow and blue 
areas correspond to spin-up and 
spin-down density. Boron and 
nitrogen atoms are denoted as 

green and grey balls, respectively. 

A.A. Kuzubov, E.A. Kovaleva, F.N. Tomilin , 
N.S. Mikhaleva, A.V. Kuklin, Journal of 
Magnetism and Magnetic Materials, 
2015, 396 , 102ɀ105.  



Carbon atoms PDOS (a,b) and spatial spin density distribution 
(c,d) in CNT(10,0)/ Co (́ȟ̒) and CNT(10,0)/ Ni (b,d) composites 

Å ́ȟb ɀ PDOS for atoms in direct contact with metal and atoms far from the interface designated as red 
and blue lines, respectively 

Å c,d ɀ yellow and blue areas correspond to spin-up and spin-down density 
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A.A. Kuzubov, E.A. Kovaleva, P. Avramov, A.V. Kuklin, N.S. Mikhaleva, F.N. Tomilin , S. Sakai, S. Entani, Y. Matsumoto, H. 
Naramoto, Journal of Applied Physics, 2014, 116 , 084309.  

Isosurface level = 
0,002 ʈB/  B3  

Isosurface level = 
0,0008 ʈB/  B3  



Optimized structures of C60/Fe(100) 
nanocomposites 
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A.A. Kuzubov, E.A. Kovaleva, P.V. Avramov, A.S. Kholtobina, N.S. 
Mikhaleva, A.V. Kuklin, Journal of Magnetism and Magnetic 
Materials, 2016, 410 , 41-46. 

Configu

ration  

Binding 

energy, 

eV 

Charge

, e 

Magnet

ic 

momen

t, ʈB 

Spin 

polariz

ation at 

EF, % 

bridge-1 -3,082 
2,217 

(94,0) 
-0,124 -72,6 

bridge-2 -3,274 
2,112 

(95,5) 
-0,153 38,3 

2C-bond -2,945 
1,904 

(86,7) 
-0,040 -28,2 

4C-atop -2,921 
1,667 

(81,6) 
-0,153 51,7 

Eb = -2,9 ̞ ˏ (Tran et al. ACS Appl. Mater. Interfaces, 2013, 5ȟ ψσχϺψτρɊ 

Eb = -3,06 ̞ ˏ (Yang et al. J. Phys. Chem. C, 2015, 119ȟ ρπυσςϺρπυσχɊ 



Substrate-induced changes in 6˞0  electronic 

structure 
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PDOS  for C60 in bridge-2 composite (blue line) and DOS for the 
bare fullerene (black line) 

PDOS  for carbon atoms in contact with substrate (red line) and 
atoms distant from the interface (black line)  

A.A. Kuzubov, E.A. Kovaleva, P.V. Avramov, A.S. 
Kholtobina, N.S. Mikhaleva, A.V. Kuklin, Journal of 
Magnetism and Magnetic Materials, 2016, 410 , 41-46. 


