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UHTC nanoparticles

Kelly, J. P., Kanakala, R., & Graeve, O. A. (2010). A solvothermal approach 
for the preparation of nanostructured carbide and boride ultra-high-

temperature ceramics. Journal of the American Ceramic Society, 93(10), 

3035–3038. https://doi.org/10.1111/j.1551-2916.2010.04007.x
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Doping induced morphology

• Adsorption?

• Segregation?

• p-d hybridization?

• Others?

No dopants

X = Ni

X = Fe

G. Wulff (1901). Zeitschrift für 
Krystallographie und 

Mineralogie. 34 (5/6): 449–530.
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DFT modelling of TaC surfaces
DFT parameters:

• VASP

• GGA(PBE)
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Surface energy and Wulff shape

R=1 R=1.73R=0.58

G. Wulff (1901). Zeitschrift für 
Krystallographie und 

Mineralogie. 34 (5/6): 449–530.
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Morphology enthalpy map
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Morphology enthalpy map
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Morphology enthalpy map
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Integrated Crystal Orbital Hamilton Populations

CXTa

bX-Ta/C <3.5Å

Dopant (hkl) % covalency

Co (111) 50.30

(100) 54.54

Fe (111) 49.67

(100) 54.55

Ni (111) 45.90

(100) 41.39

Ni* (111) 46.18

(100) 53.27

Y (111) 46.12

(100) 42.73

COHP for Ni-C bond at surface

*Ni in TiTa3C4
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Atomic Strain effect
Dopant (hkl) % covalency

Co (111) 50.30

(100) 54.54

Fe (111) 49.67

(100) 54.55

Ni (111) 45.90

(100) 41.39

Ni* (111) 46.18

(100) 53.27

Y (111) 46.12

(100) 42.73
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Bulk segregation
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Disccusion
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