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Room Temperature Ionic Liquids (RTILs) β-NMR on 26Na

EMIM-DCA

BMIM-HCOO

…not only high vacuum solvents

• built from bulky, asymmetric organic 
cations and weak basic anions

• extremely low melting point and 
liquid state at low pressures

• negligible vapor pressure, high 
thermal and electrochemical
stability (low risk of degradation)

• more viscous than organic solvents
and water

• green solvents – biodegradable and 
non-toxic

100 % water

26Na beam from ISOLDE
t1/2 = 1.1 s;    I = 3;    5e5 ion/s

spin polarization via Optical 
Pumping

30-100 mW of laser light at 589 nm

Implantation info 
liquid

10-6 mbar pressure

CW RF 
excitation

Asymmetric emission of 
β-particles

• β-particles will be emitted in the spin direction
• resonance phenomenon comes from NMR

Detection chamber

book-like water clustering
of imidazolium cation water dissolved in IL cavities

Water – Ionic Liquid binary solvents

23Na high vacuum NMR results

This work has been sponsored by the Wolfgang Gentner Programme of the German Federal Ministry of Education and Research (grant no. 05E15CHA), Conventional NMR measurements were conducted: Leipzig University, Germany (group of Prof. Matysik), Poznan
University, Poland (group of Prof. Kozak), Geneva University, Switzerland (group of Prof. Viger-Gravel)

➢ β-NMR spectrum based on signals only from 10e6-10e7 nuclei

➢ 10e6 higher sensitivity than for 23Na NMR

➢ liquids need to withstand at high vacuum

➢ direct implantation of metal atoms into sample material.

➢ no counter-ion and water solution needed

100 % ionic liquid

 

 

   

   

   

   

   

   

   

                    

 

 

 

 

 

 

 

 

         

        

 
 
 
 
 
 
  
 
 
  

 
 
 
 
  
 
 
 
 
 
  
 
  
 

 

   

   

   

   

   

   

   

                    

 

 

 

 

 

 

 

 

         

        

 
 
 
 
 
 
  
 
 
  

 
 
 
 
  
 
 
 
 
 
  
 
  
 

 

   

   

   

   

   

   

   

                    

 

 

 

 

 

 

 

 

         

        

 
 
 
 
 
 
  
 
 
  

 
 
 
 
  
 
 
 
 
 
  
 
  
 

 

   

   

   

   

   

   

   

                    

 

 

 

 

 

 

 

 

         

        

 
 
 
 
 
 
  
 
 
  

 
 
 
 
  
 
 
 
 
 
  
 
  
 

 

26Na high vacuum β-NMR results

Absolute shielding of 26Na
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Isotope I t1/2(ms) Q(mb) old μ(μN) new μ(μN)
23Na 3/2 stable +106(1) 2.217500(7)
26Na 3 1071 -5.3(3) 2.851(2) 2.849390(20)
27Na 5/2 301 -7.2(3) 3.894(3) 3.89212(24)
28Na 1 31 +39(1) 2.420(2) 2.41844(19)
29Na 3/2 44 +86(3) 2.457(2) 2.45535(17)
30Na 2 48 2.069(2) 2.0681(11)
31Na 3/2 17 2.298(2) 2.29670(17)

Ref. R. D. Harding, S. Pallada, J. Croese, et al. accepted by PRX, 2020

magnet poles

sample

magnetic susceptibility

measured
shielding of 26Na 

BMIM-HCOO
578.8 ppm

EMIM-DCA
577.3 ppm

Shielding and chemical
shift reference:

σ[Na(H2O)6] = 582 ppm

aromatic
ring

aliphatic
side
chain

polar domains

non-polar domains

possible space
for water

aggregation

                                                    
        

Two water species confirm the 
presence of microdomains

H2O + D2O ↔ 2 HOD

1 water – 5 IL

1 water – 1 IL

1 water – 2 IL
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the aggregation

                                 
          

Δ = 2.5 ppm

+ SOLVENT SAMPLESOLUTE

NaCl EMIM-DCAH2O +
degassing

Na+

D
C

A

1 sodium
10 water
45 EMIM-DCA

1 sodium
10 water
1 EMIM-DCA

• 23Na NMR standard:    
0.1 M NaCl in H2O

• sodium environment 
depends strongly on the 
sample preparation

• samples with changed
water : 

ionic liquid ratio 
represents different
chemical environment of 
sodium, as revealed by:

▪ chemical shifts
▪ resonances` full

width half maximum
▪ signal-to-noise ratio

                          
         

BMIM-HCOO
10-5 mbar

water clusters are
unavoidable in 23Na 
NMR

β-NMR analysis 
of Ionic Liquids
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high vacuum sample preparation

23Na NMR

Required:

• accurate (ppm level) magnetic moment of β-NMR nucleus (μ) 

• in-situ 1H NMR measurement in a known host (σ) next to β -NMR sample (ν) 

• magnetic susceptibility (κ) and geometrical factor (α) for β -NMR and 1H hosts

Na+ in water

Ref. A. Antusek, Bratislava, in 
Harding et al. accepted by PRX, 2020
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26Na
10-6 mbar

BMIM-HCOO (10% H2O)

EMIM-DCA (10% H2O) Advantages of β-NMR
• no need for β -NMR reference measurements
• acquisition of the signal coming from the

selected volume of the sample
• precise quantification of metal atoms implanted

into the host
• ONLINE studies of the chemical reactions

catalysed by the metal atoms

shimming coil

sample
ladder

β-particle 
detector

RF coil

1H NMR 
probe

It is not possible to prepare ionic liquid – Na+ solution without water

mica
sample
holder

ab initio calculations  - for comparison - ongoing by A. Antusek

N
a 

ch
e

m
ic

al
sh

if
t

[p
p

m
]

4.0

3.0

2.0

1.0

0.0

N
a sh

ie
ld

in
g

[p
p

m
]

578.0

579.0

580.0

581.0

582.0reference: Na+ in H2O


