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Papakoleabeach in Hawaii

Ȱ(Á×ÁÉÉÁÎ ÄÉÁÍÏÎÄȱ
also known as Green Sand Beach or Mahana Beach

Olivine mineral (Mg,Fe)2SiO4
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Olivine crystal structure

(Mg,Fe)2SiO4

M2XO4 Olivine

Orthorhombic unit cell

Distorted hcp of O atoms

Two M sites

One X site edge-shared with M2
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LiFePO4ɀtriphylite (olivine -group mineral)

LiFePO4 Triphylite
(Mg,Fe)2SiO4

M2XO4 Olivine

b

BVEL DFT MEM

1D Li+ migration
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LiFePO4ɀtriphylite (olivine -group mineral)

LiFePO4/C cathode material

Wang, L. et al, Nano Lett., 2012, 12(11), 5632

1D Li+ migration

- Low conductivity

-Slow diffusion

Hydrothermally synthesized

Triphylite

Nanosizing+ Carbon-coating

No properties



9

$ÅÆÅÃÔÓ ÍÁËÅ ÉÔ ÕÎÉÑÕÅȣ

Point defects (0D)

1D defects

3D defects

Ruby gemstone

Australian bee hive (honeycomb) Ȱ/ÄÄ ÂÅÅÓȱ ΄

2D defects

Spider in Amber

Damascus steel

Vinnie-Pooh
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Terminology

Defects

Point defects (0D):
-Vacancies

- Interstitials
-Substitutions

-Their combinations

Linear defects (1D):
-Dislocations

Planar defects (2D):
-Antiphase boundaries
-Deformation bands

-Stacking faults
-Crystallographic shears

-ȣ

Bulk defects (3D):
- Inclusions



Types of point defects: +ÒĘÇÅÒ-Vink notation

ὠɇɇɇὢɇɇ
X type atom

Y type atom
ὣ

Ὡ ɀelectron

X2Y3 stoichiometry

ὃ
A ɀatom or vacancy

B ɀposition (site or interstitial)

C ɀcharge:

ɇ- positive

ᴂ- negative

- neutral

Ὤɇɀhole

X interstitial Y at X site Vacancy in Y
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LiFePO4 defects ɀvacancies

ὠ ὊὩɇ

LixFePO4 FerrisickleriteLiFePO4 Triphylite

ὒὭ ὊὩ

FePO4 Heterosite
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LiFePO4 defects

ὊὩɇ ὠ

Fe0.5FePO4  Sarcopside

or Fe3(PO4)2

LiFePO4 Triphylite

ὒὭ ὊὩ

Li+ diffusion is blocked!
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LiFePO4ɀantisites

(Li1-xFex)M1(Fe1-xLix)M2PO4LiFePO4 Triphylite

Antisite defects

ὊὩɇ ὒὭ

Li+ (r = 0.76B) 
Fe2+ (r = 0.7Ϊ BɊ

ὊὩ ὓὫ
Mg-Fe interdiffusion

Continuous solid-solution:
Fe2SiO4 FayaliteɀMg2SiO4 Forsterite

ὒὭ ὊὩ
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LiFePO4ɀLi-rich

LiFePO4 Triphylite

ὒὭ ὊὩɇ

Li1+xFe1-xPO4

ὒὭ ὊὩ Ȱ,É-ÒÉÃÈȱ

2D Li+ transport

Not known in minerals 
(yet?)

What about 
electrode materials?

Poster on Li-rich LiMPO4 by A. Grebenschikova



LiFePO4ɀdefects in anion sublattice

Low-temperature co-precipitation:

DFT: 3.56 eV ɀȰÈÉÇÈÌÙ ÕÎÌÉËÅÌÙȱ

.Ï ÅØÐÌÁÎÁÔÉÏÎ ÇÉÖÅÎȣ

[Li0.85Fe3+
0.15]M1[Fe2+

0.72Fe3+
0.19Li0.09]M2P0.92O4

Amisse, R. 
Chem. Mater.
2015, 27Σ пнсмҍпнт0

ὠ 8%

ὠ

What about anions?

Any defects in 
anionic sublattice?

LiFePO4 Triphylite
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LiFePO4ɀdefects in anion sublattice

Albertia, A. (1976)
ActaCryst. B, 32(10), 2761ɀ2764.

Fontan, F., Huveun, P., Orliac, M. & 
Permingeat, F. (1976). Bull. Soc. Fr. 
Mindr. Crist. In preparation.

.ÅÖÅÒ ÂÅÅÎ ÐÕÂÌÉÓÈÅÄȣ
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Water in the upper mantle and transition zone

18Source: https://sureshemre.wordpress.com/2014/05/04/huge-amount-of-water-in-earths-mantle/

https://sureshemre.wordpress.com/2014/05/04/huge-amount-of-water-in-earths-mantle/


Hydrogen in natural (Mg,Fe)2SiO4 olivines

What is the mechanism of water 
relocation in the upper mantle? 19
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Hydroxyl defects in (Mg,Fe)2SiO4 olivines

DFT for OH groups in Si and Mg positions

Qin, T. et al. AmericanMineralogist, 2018, 
103(5), 692ɀ699.

Blanchard, M. et alAmerican Mineralogist, 
2017, 102(2), 302ɀ311.

FTIR spectroscopy for Forsterite

Modeling of FTIR spectra


