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Magnetic properties of nuclei
Spinning proton creates a 

magnetic field

Nuclei characteristics:

• M – mass;

• Z – charger;

• P – angular momentum (angular 

momentum);

• μ – magnetic moment;
• Ɣ – gyromagnetic ratio;

• I – spin quantum number, determines 

the number of allowed orientations of 

the μ nucleus in a constant magnetic 

field;
• h – Planck constant 6.626⋅10−34 kg*m2/s.

Р = Ih/2π
μ = ƔР = ƔIh/2π

2This work is funded by Russian Science Foundation (grant №23-23-00343).
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Nuclear magnetic resonance. Zeeman effect

ΔЕ = 2μB0 = hν

μ = ƔР = ƔIh/2π
μ – magnetic moment;

I – spin quantum number,
Ɣ – gyromagnetic ratio,

P – angular momentum

(moment of momentum or 

rotational momentum)

I = 1/2

This work is funded by Russian Science Foundation (grant №23-23-00343).



Nuclear magnetic resonance

Bo

hν

I – spin quantum number,
Ɣ – gyromagnetic ratio

μ = ƔР = ƔIh/2π

MI = -1/2

MI = +1/2

ΔЕ = 2μB0 = hν

Equilibrium population of energy levels

Boltzmann equation

N1/N2 = exp(-ΔE/kT) ≈ exp(-ƔhB0/2πkT)
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Relaxation

Seconds or 

fractions of second ν

I

Emission spectrum

This work is funded by Russian Science Foundation (grant №23-23-00343).



A strong magnetic field is a must!

(provided by a superconducting 

magnet)

Short high-power RF pulse:

~50 watt, τ =10-50 μs
with a frequency close to ν0

According to the uncertainty 
principle, a radio frequency field is 

generated over a wide range:

ν0±1/τ
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Pulse or Fourier-Transform NMR (FT-NMR)

This work is funded by Russian Science Foundation (grant №23-23-00343).



Free induction decay – interferogram –

superposition of damped harmonic oscillations

NMR spectrum
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Pulse or Fourier-Transform NMR (FT-NMR)

Fourier 

Transform

This work is funded by Russian Science Foundation (grant №23-23-00343).



The intensity is directly proportional to the 

number of absorbing nuclei.

The chemical shift provides information 

about the chemical environment of the nucleus.

The multiplicity or coupling depends on 

spin-spin interactions within the molecule.

1H NMR (СDCl3)  :
1.19 (9Н, s, 3СН3), 
3.21 (3Н, s, О-СН3)
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Spectrum parameters of NMR

This work is funded by Russian Science Foundation (grant №23-23-00343).



Conventional organic electrolytes

Salts Solvents

LiPF6

LiBF4

O
O

O

EC

OMe
MeO

DME

OEt

O
EA

MeO OEt

O EMC
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Formulation:
• Lithium salt

• Organic solvent 

• Additives

Advantages:
✓ High ionic conductivity

✓ …

✓ …

Additives

This work is funded by Russian Science Foundation (grant №23-23-00343).
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Nuclei that can be studied by NMR

1H, 19F, 31P

O
O

O

EC

OMe
MeO

DME
OEt

O
EA

MeO OEt

O EMC

Spin quantum number = ½

Natural abundance <<100%

Spin quantum number > ½Spin quantum number = ½

Natural abundance ~100%

13C 7Li (3/2), 23Na (3/2)

PF6
-, BF4

-,

Solvents

Counterions Ions

Li+, Na+

This work is funded by Russian Science Foundation (grant №23-23-00343).
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Thermal stability of electrolytes

1 week at 85 °C

Pristine electrolyte

1M Li PF6 EC/DMC/DEC

1M Li PF6 DEC after 
3 weak at 85 °C 

OPF2OEt
OPF(OEt)2

This work is funded by Russian Science Foundation (grant №23-23-00343).



Quantification of electrolyte degradation

CF3Cl

Internal standards

Polytetrafluoroethylene (PTFE) NMR tube

LP30 – 1M LiPF6 in EC/DMC – 1/1

HFOPF2OH

Samples were stored at 60°С

11This work is funded by Russian Science Foundation (grant №23-23-00343).



Proposed reaction schemes for PF6
-

degradation

After studying in glass tubes After studying in polytetrafluoroethylene tubes

12This work is funded by Russian Science Foundation (grant №23-23-00343).



Cathode stability

Na3V2(PO4)2F3

13This work is funded by Russian Science Foundation (grant №23-23-00343).



Spectral broadening caused by TM dissolution

Pristine electrolyte 

1M LiPF6 in 3:7 EC/EMC
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Li3PO4

Degraded electrolytes

This work is funded by Russian Science Foundation (grant №23-23-00343).
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DOSY Diffusion-Ordered Spectroscopy

Stoke-Einstein Equation

D = 
kbT

6𝝅𝜼rh
D – Diffusion coefficient

kb – Boltzmann constant (1.380649×10−23 J⋅K−1)

T – Temperature

𝜼 – Viscosity

rh – Hydrodynamic radius

Unit = m2/sec

Root mean square displacement

S = 𝟔𝑫𝑻

This work is funded by Russian Science Foundation (grant №23-23-00343).
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ν

I

DOSY Diffusion-Ordered Spectroscopy

FT

Spin echo

ν

I
FT

I = e–2τ/T2

+ pulsed fiends gradient

T2 - time constant for spin–spin relaxation

I(g) = I(0)exp[-(γ g δ)2 D(Δ - )]δ
3

This work is funded by Russian Science Foundation (grant №23-23-00343).
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Schematic principle of DOSY NMR

I(g) = I(0)exp[-(γ g δ)2 D(Δ - )]δ
3

This work is funded by Russian Science Foundation (grant №23-23-00343).
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Ion mobility and battery performance

MPPyrr-TFSI MPPyrr-TFSI/EC

7Li DOSY NMR spectra 

of different electrolytes 

This work is funded by Russian Science Foundation (grant №23-23-00343).



Ion transport number
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tLi
+≈

DLi
+

DLi
++DFSI

-

Increasing ether length

0.1M LiFSI

This work is funded by Russian Science Foundation (grant №23-23-00343).



Ion mobility and battery performance
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OMe
MeO

DME

OMe
O

MeO

Diglyme

1M NaTFSI
1M NaTFSI

This work is funded by Russian Science Foundation (grant №23-23-00343).



6𝝅𝜼rh

21

Internally referenced DOSY-NMR

D = 
kbT

Stoke-Einstein equation

2 DOSY experiments with toluene as an internal reference

1) Solvents without LiPF6

2) Solvents + LiPF6

D1tol, D2tol, DLi, D1EMC, D2EMC

This work is funded by Russian Science Foundation (grant №23-23-00343).



Internally referenced DOSY-NMR

Divulging the solution structure of lithium-ion battery electrolytes

DObserved EMC = α*DCoordinated-EMC+(1- α)Dfree-EMC

DCoordinated EMC = DLi
+

α – the ratio of coordinated EMC

kT2

6𝜋𝜂2r1E

kT1

6𝜋𝜂1r1E
T1𝜂2

T2𝜂1D2T

D1T
=

kT2

6𝜋𝜂2r

kT1

6𝜋𝜂1r
=

T1𝜂2

T2𝜂1

6𝝅𝜼rh

D = 
kbT

Stoke-Einstein equation

DFree-EMC = D1EMC =             D1EMC

22This work is funded by Russian Science Foundation (grant №23-23-00343).
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The solution structure of electrolytes

Free EMC Coordinated

EMC

Old methodNew method

This work is funded by Russian Science Foundation (grant №23-23-00343).



Solvating power of solvents

24This work is funded by Russian Science Foundation (grant №23-23-00343).



Solvent characterization
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1.77

1.57

2.06

2.19

2.20

2.20

Coordinating solvent number
(1.2M LiFSI)

This work is funded by Russian Science Foundation (grant №23-23-00343).



Our advances in electrolyte design 

26This work is funded by Russian Science Foundation (grant №23-23-00343).

Coulombic Efficiency 99.95%




