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Three Pillars of Science and Engineering

HELLER, A.; PARKER, A. Experiment and 

theory have a new partner: simulation. Science 

Technology Review. 4–13, 2005.

Weinzierl, T. (2021). The Pillars of Science. In: Principles of Parallel Scientific Computing. 

Undergraduate Topics in Computer Science. Springer, Cham.
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Dissertation A. Lipnitskii (2010)
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Dissertation D. Aksyonov (2014)
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Dissertation A. Kartamyshev (2016)
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Diploma A. Boev (2015)
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Dissertation A. Boev (2019)

Предпоследний абзац введения
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Master’s thesis A. Burov (2022) 
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Main scientific journal for modeling in materials science
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Main scientific journal for modeling in materials science



Let’s move on to synthesis
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How to synthesize the material?
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1. Determine the desired composition and crystal structure
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How to synthesize the material?
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How to synthesize the material?

1. Determine the desired composition and crystal structure

2. Determine the recipe

3. Follow the receipt

4. Enjoy your result!



How can modeling help you with each of 

these steps?



Step 1. Determine the desired composition 

and crystal structure 
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What material needs to be synthesized?

Prof. A. Abakumov Dr. A. Savina

NMC



Case 1. You need new material for any 

application

Answer: High-throughput DFT 

screening of new materials



21

General principle of screening methodology

1. Take materials database                              2. Set up a property funnel
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Screening of new cathode materials for Li-O2 batteries (Our)

Requirements to cathodes in 

Li-O2:

●Good electronic conductivity

●Stability in highly porous form 

●Stability of surface to oxidation and 

passivation 

2755

230

242 
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Our screening descriptors        NAxBy compounds

Passivation layer formation

Boev A. O., Aksyonov D.A et al. // Comp.Mat. Sci. Volume 197, 2021, 110592

Mjejri, I. et. al. Ceramics International,

42(5), 2016

VO2 (P42/mnm,Tetragonal)
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Screening for solid-state Li-ion conductors

It was found five materials with fast ionic 

diffusion: Li-oxide chloride Li5Cl3O, the 

doped halides Li2CsI3, LiGaI4, and 

LiGaBr3, or the Li-tantalate Li7TaO6.

Kahle L. et al. (2020). Energy & Environmental Science, 13(3), 928-948. IF =  32.4
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Discovering a new class of fluoride solid-electrolyte 

Zhang, B.et al. (2021). Nano Energy, 79, 105407.
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Screening for new antiperovskite solid electrolytes

Jalem, R. et al. Chem. Mater.

2021, 33, 5859−5871.
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What properties can be used for screening?

1.Composition or structure type

2.Phase stability

3.Bandgap

4.Ionic conductivity

5.Voltage window

6.Deintercalation potential (OCV)

7.Point defect energetics

8.And so on…



Case 2. You need to improve known material

Answer: DFT screening of dopants
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Segregation dopants for LiCoO2

Reconstructed layers
(104)
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Segregation dopants for LiCoO2

Schematic representation of a doped LCO particle, 

where a surface enhancement takes place during annealing

Annealing
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Segregation dopants for LiCoO2

Surface position Bulk position

Eseg = 
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Segregation dopants for LiCoO2

Li et al. Small 2023, 2303474,

Daheron et al., Chem. Mater. 2009, 21, 5607–5616

Boev, A. O. et al. Phys. Rev. Mat. 8, 055403 (2024)

• Daheron  et al. using XPS does not detect Al surface 

segregation, which agrees with 0 eV calculated segregation

• Li et al. shows with EDS mapping monolayer Ti segregation

agreeing with strongly negative −0.94 eV energy

• Fe, Ni, Mn should segregate. What about experimental 

verification?
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Anomalous metal segregation in Li-rich material

Burns, J ... & Persson, K. A. (2022). Chemistry of Materials, 34(16), 7210-7219.

“Ruthenium segregates out as metallic nanoclusters on the reconstructed surface. 

Our calculations show that the unexpected ruthenium metal segregation is due to its 

thermodynamic insolubility in the oxygen deprived surface.“
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Ru-doped Li-rich NMC

Morozov A. et al. (2022). Chem. Mater. 2022, 34, 6779−6791
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Ru-doped Li-rich NMC

Зарядовая плотность 

(желтые области), 

соответствующая 

окисленным состояниям 

кислорода (чёрная стрелка) 

вблизи вакансии лития 

(пустой кружок) по 

результатам ТФП расчётов

Зная этот эффект мы можем проверить хоть всю таблицу Менделеева 

и прогнозировать влияние допанта на окисление кислорода 
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Computational Screening of Cathode Coatings

Xiao, Y., … Ceder, G. (2019). Joule, 3(5), 1252-1275. IF = 38.6
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Computational Screening of Cathode Coatings

Xiao, Y., … Ceder, G. (2019). Joule, 3(5), 1252-1275.



Step 2. Determine the recipe



Case 1. Recipe is absolutely unknown

Answer: Use database of recipes
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Materials Project
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Materials Project
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Ion exchange reaction

Dembitskiy, A. D., Aksyonov, D. A., Abakumov, A. M., & Fedotov, S. S. (2022). 

Solid State Ionics, 374, 115810.



Case 2. Recipe is known but the conditions 

are not suitable

Answer: Use DFT phase diagrams
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Pourbaix diagram
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Pourbaix diagram
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Convex hull

Phase diagram at 0 K and 0 

atm. 

For systems comprising 

primarily of condensed phases, 

the PV term can be neglected 

and at 0K, the expression for G 

simplifies to just E. 

Source

https://docs.materialsproject.org/methodology/materials-methodology/thermodynamic-stability/phase-diagrams-pds


46

Convex hull (Binary)

Poletaev, D. O., Aksyonov, D. A., & Lipnitskii, A. G. 

(2020) CALPHAD, 71, 102201.

Materials Project
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Convex hull (Ternary)
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Chemical potential space diagram

Boev, A. O., et al. Applied Surface Science 537 (2021): 147750.
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Oxygen chemical potential



Step 3. Follow the recipe



A computational dude has a rest



Step 4. Enjoy your result



Step 4. Enjoy your result

… Or not?
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Resulting particle shape is not suitable
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Li-Co-O phase diagram

1000 K

300 K
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Wulff shapes. Examples



57

Main surfaces of layered oxides
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Effect of oxygen chemical potential on surface energy

1000 K 300 K
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Effect on particle shape

LiCoO2

LiNiO2
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Couple of examples of particle shape prediction

Wang, N., et al. Advanced Materials Interfaces, 

3(15), 1600164.

VO2                                                                                                                TiS2
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Example: LCO film growth
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Example: B solubility in NMC
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B-doping of NMC

Task: We have no idea which position B takes in layered NMC structure. Help!

H.-H. Ryu et al. Mater. Today (2020)
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B-doping of NMC
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B-doping of NMC
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B-doping of NMC
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Negative value means tendency to segregation here 
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Surface position Bulk position

Eseg = 

Using our values, we have: 2 eV − 3 eV = −1 eV, 

that technically means tendency to segregation

However, Boron is insoluble both in bulk and at surface 
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B-doping of NMC



Example: Discovering of new phases
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Discovering of new phases: Mo2NiB2- Ni cermet

Vershinina, T. N., Boev, A. O., & Ivanov, M. B. 

(2020).. Vacuum, 172, 109034.
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Discovering of new phases: Mo2NiB2- Ni cermet

Vershinina, T. N., Boev, A. O., & Ivanov, M. B. 

(2020).. Vacuum, 172, 109034.



Material Project database
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Materials explorer
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Materials explorer
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Synthesis explorer
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Battery explorer
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Interface reactions
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Pourbaix diagram
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Our team
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predicting materials properties.
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