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NASICON 
Na+ Super Ionic CONductor 



Who showed fast Na ionic conductivity? Part I 

1967 Automotive Engineering Congress and Exposition 

Ford Motor Co., 1966: 
  
the battery breakthrough  
 
using a Na/S chemistry 
instead of lead-acid 
 
would mean a car about the 
size of a Ford Falcon could go 
82 miles on a single charge 

Yao and Kummer,  
J. Inorg. Nucl. Chem. 29 (1967) p. 2453 

1967 – reported high ionic conductivity in Na-β alumina  

NaxO·11Al2O3 

https://saemobilus.sae.org/search/?op=doeventsearch&event=90220&eventname=1967 Automotive Engineering Congress and Exposition


What is known today as 
 

NASICON 
 

Na+ Super Ionic CONductor 

Na1+3xZr2(P1-xSixO4)3 

Who showed fast Na ionic conductivity? Part II 



Was there anyone working on this structure too? 

 NaU2(PO4)3 



Was there anyone working on this structure too? 

NaZr2(PO4)3 



Who is making NASICON electrolytes? 

https://www.msesupplies.com 

$750 



Who is making NASICON cathodes? 



NASICON crystal structure 

NASICON unit cell Lantern unit 

ZOOM ZOOM 



Which one is NASICON? 

Zhang et al // Adv. Mater. 2019, 1901131 Song et al // J. Mater. Chem. A, 2014, 2, 5358–5362 Lee et al // J. Phys. Chem. C 2012, 116, 48, 25190–25197 



Lantern unit is a feature of NASICON 

NASICON LISICON Anti-NASICON 

Zhang et al // Adv. Mater. 2019, 1901131 Song et al // J. Mater. Chem. A, 2014, 2, 5358–5362 Lee et al // J. Phys. Chem. C 2012, 116, 48, 25190–25197 



LISICON’s framework differs from NASICON 

Thio-LISICON 

Zhang et al // Adv. Mater. 2019, 1901131 

Li4GeS4 Li14Zn(GeO4)4 

LISICON 



Lantern unit is a feature of NASICON 

NASICON LISICON Anti-NASICON 

Zhang et al // Adv. Mater. 2019, 1901131 Song et al // J. Mater. Chem. A, 2014, 2, 5358–5362 Lee et al // J. Phys. Chem. C 2012, 116, 48, 25190–25197 



NASICON framework 

C. Masquelier et al // Chem. Rev., 2013, 113 (8), pp 6552–6591 

Chinese Lantern 



NASICON framework 

C. Masquelier et al // Chem. Rev., 2013, 113 (8), pp 6552–6591 

Chinese Lantern 

Li3V2(PO4)3 Na3V2(PO4)3 



Li3V2(PO4)3: Electrochemical properties 

Li3V2(PO4)3 

LiV2(PO4)3 

X. Rui et al. / Journal of Power Sources 258 (2014) 19-38 J. AM. CHEM. SOC. 2003, 125, 10402-10411 

Li2V2(PO4)3 



NASICON framework 

C. Masquelier et al // Chem. Rev., 2013, 113 (8), pp 6552–6591 

Chinese Lantern 

Li3V2(PO4)3 Na3V2(PO4)3 



Na3V2(PO4)3 

 



Na3V2(PO4)3: Electrochemical properties 

NaV2(PO4)3 
Na3V2(PO4)3 

Na4V2(PO4)3 
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Na4V2(PO4)3 

Na3V2(PO4)3 

NaV2(PO4)3 

2 Na+ 

1 Na+ 
2 Na+ 

1 Na+ 
1.6 V - V3+/2+ 

3.4 V - V4+/3+ 



Na3V2(PO4)3: Electrochemical properties 

Na5V2(PO4)3 
Na3V2(PO4)3 

Na4V2(PO4)3 
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Z. Jian et al. / Chem. Commun., 2015,51, 6381-6383 

Na4V2(PO4)3 

Na3V2(PO4)3 

Na5V2(PO4)3 



NASICON-type electrode materials  
for sodium-ion batteries 

D. Wang, Nat. Commun. 
8 (2017) 1–7.  

W. Zhou, Nano Lett.  
16 (2016) 7836–7841.  

R. Liu, ACS Appl. Mater. Interfaces. 
9 (2017) 43632–43639 

F. Lalère, J. Mater. Chem. A.  
3 (2015) 16198–16205 

H. Li, Energy Storage Mater.  
26 (2020) 325–333 

H. Gao, J. Am. Chem. Soc.  
140 (2018) 18192–18199. 

J. Zhang, Adv. Mater.  
32 (2020) 1–8. 

NaTi2(PO4)3 Na2Ti V(PO4)3 

2.1 V 1.8 V 



Na3VCr(PO4)3:  V–to–Na1 site migration  

R. Liu // ACS Appl. Mater. Interfaces. 9 (2017) 43632–43639 R. Liu // Adv. Energy Mater. 2021, 11, 2003256 

pristine after cycling 



Na3VCr(PO4)3:  V–to–Na1 site migration 

R. Liu // Adv. Energy Mater. 2021, 11, 2003256 

Y. Liu et al // Nat Energy 8, 1088–1096 (2023) 



Na3MnTi(PO4)3:  Mn–to–Na site migration 

Na3MnTi(PO4)3 

Na3.5MnTi(PO4)3 

Zhang et al // ACS Energy Lett. 2021, 6, 2081−2089 



Na3MnTi(PO4)3:  Mn–to–Na site migration 

Liu et al // Nat Energy 8, 1088–1096 (2023) 



Na4MnV(PO4)3 has higher average potential 
 Na1V4+

2(PO4)3 Na1.3MnV(PO4)3 

Na3V3+
2(PO4)3 Na4Mn2+V3+ (PO4)3 

4 - 1.3 = 2.7 Na+ 

3 - 1 = 2.0 Na+ 

2.5 – 4.4 V  

V3+/V4+ 

Mn2+/Mn3+ 

V4+/V5+ 

V3+/V4+ 



Na4MnV(PO4)3: cut-off voltage dependence 
 

ACS Applied Energy Materials, 2018, 11 (1), p 5842-5846 



Na4MnV(PO4)3: transformations during cycling 
 

Zakharkin et al // ACS Applied Energy Materials, 2018, 11 (1), p 5842-5846 

I II III IV V 

V II 



Na4MnV(PO4)3: operando cells 

V.V. Shapovalov, et al. // 
Radiation Physics and Chemistry 
175 (2018) 108065 

J.B. Leriche et al //  
J. Electrochem. Soc. 157  

(2010) A606   

Drozhzhin et. al. // J. Synchrotron Rad. (2018) 25, 468–472 



Na4MnV(PO4)3: stack vs map 
 J.B. Leriche et al //  

J. Electrochem. Soc. 157  
(2010) A606   

Zakharkin et al // Journal of Power Sources 470 (2020) 228231 



Na4MnV(PO4)3: transformations during cycling 
 

Zakharkin et al // ACS Applied Energy Materials, 2018, 11 (1), p 5842-5846 

I II III IV V 

V II 



Na4MnV(PO4)3: transformations during cycling 
 

Buryak et al // Journal of Power Sources 518 (2022) 230769 



Na4MnV(PO4)3: transformations during cycling 
 

Peak shift => Single-phase  
mechanism 
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Charge to 3.8 V Charge to 4.0 V 

Drozhzhin et. al. // J. 
Synchrotron Rad. (2018) 25, 
468–472 

Zakharkin et al // ACS Applied Energy Materials, 2018, 11 (1), p 5842-5846 



Na4MnV(PO4)3: transformations during cycling 
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Charge to 3.8 V Charge to 4.0 V 

Intensity change simultaneosly => 
2-phase mechanism 

Zakharkin et al // ACS Applied Energy Materials, 2018, 11 (1), p 5842-5846 



Insertion mechanisms 

Malik, Ceder // Journal of The Electrochemical Society, 160 (5) A3179-A3197 (2013) 



Na4MnV(PO4)3: transformations during cycling 
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Charge to 3.8 V Charge to 4.0 V 

Intensity change simultaneosly => 
2-phase mechanism 

Peak shift => Single-phase  
mechanism 

Zakharkin et al // ACS Applied Energy Materials, 2018, 11 (1), p 5842-5846 



Na4MnV(PO4)3: transformations during cycling 
 

Zakharkin et al // ACS Applied Energy Materials, 2018, 11 (1), p 5842-5846 



Na4MnV(PO4)3: transformations during cycling 
 

Charge to 4.0 V 

 Na1 rh (6b)

 Na2 rh (18e)

 Na1 m (4d)

 Na2 m (4e)

 Na3 m (8f)
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Na sites occupation 

Na content x in NaхMnV(PO4)3 

Na+ deintercalation Na+  intercalation 
39 



NaNbV(PO4)3: 3 electron NASICON-type Anode 
 

N. Khasanova,  et al // ACS Appl. Mater. Interfaces 2023, 15, 25, 30272–30280. 



NaNbV(PO4)3:transformations during cycling 
 

N. Khasanova,  et al // ACS Appl. Mater. Interfaces 2023, 15, 25, 

30272–30280. 

J.B. Leriche et al //  
J. Electrochem. Soc. 157  

(2010) A606   





NaNbV(PO4)3:transformations during cycling 
 

N. Khasanova,  et al // ACS Appl. Mater. Interfaces 2023, 15, 25, 

30272–30280. 

J.B. Leriche et al //  
J. Electrochem. Soc. 157  

(2010) A606   



NaNbV(PO4)3:transformations during cycling 
 

N. Khasanova,  et al // ACS Appl. Mater. Interfaces 2023, 15, 25, 

30272–30280. 



NaNbV(PO4)3:transformations during cycling 
 

N. Khasanova,  et al // ACS Appl. Mater. Interfaces 2023, 15, 25, 

30272–30280. 



Na4MnV(PO4)3 transformations 
 

Samigullin et al // Energies 2023, 16, 3051 



Conclusion 

NASICONs still show 
lots of intriguing 
features! 
 




