
SOLID NMR STUDY OF THE 7Li/6Li ISOTOPE SEPARATION 
ON INORGANIC ION EXCHANGERS 

Yasushi KANZAKI*. Noriko SUZUKI**, Mitsuo ABE*** 

* Kogakuin University, Nakano-cho, Hachioji, Tokyo 192-0015 JAPAN 
** Showa Pharmaceutical University, Machida, Tokyo 194-8543, JAPAN 
*** Tokyo Institute of Technology, Meguro-ku, Tokyo 152-8550, JAPAN 

INTRODUCTION 

The selectivity of the inorganic ion-exchangers between similar ions is 
generally higher than those of organic ion-exchangers. The high selectivity of 
inorganic ion-exchangers has been ascribed to the different hydration states of ions 
that are accommodated in the solid phase. The authors have focused on inorganic 
ion exchanges that have high selectivity for lithium ions and planed to adopt the 
solid NMR spectroscopy to elucidate the mechanism of high selectivity. The role of 
hydration state in the exchangers' phase was accounted from NMR spectra of :H and 
7Li. of ions and various developments have been achieved to account for the ion 
exchange selectivity. The 7Li/6Li isotope separation was examined also to establish 
the high isotope separation coefficient. 

EXPERIMENTAL 

The ion exchangers examined were titanium antimonate (TiSbA), 
monoclinic antimonic acid (m-HSbOs), cubic niobic acid (c-HTaOs), and cubic 
niobic acid (c-HNbOs). The ion exchange reaction of lithium on proton-type 
exchangers was carried out in batch method and the ion exchange selectivity and 
7Li/6Li isotope separation coefficient were compared. Solid state :H- and 7Li-NMR 
spectra were measured using 270 MHz FT-NMR spectrometer (JEOL GSX-270) 
with a 500 W high power amplifier and a wide band (2 MHz) AD-converter. The 
observed frequency for 7Li was 104.88 MHz. 

RESULTS AND DISCUSSION 

Lithium ion selectivity: 
According to the MR study, TiSbA was found to have two ion-exchange 

sites. The size of one site was small and lithium ions were accommodated in 
dehydrated state. The size was small enough to avoid dehydrated sodium ions and 
resulted in lithium ion selectivity. The size of the other site was rather large and 
hydrated lithium and sodium ions were accommodated simultaneously. M-HSb03, c-
HTaOs and c-HNb03 have definite ion-exchange site and only dehydrated and small 
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lithium ions could accommodated. The definite small ion-exchange sites had 
excellent lithium ion selectivity. 

isotope separation: 
The 7Li/6Li isotope separation was examined on above lithium ion selective 

inorganic ion exchangers assuming that "the isotope separation coefficient increases 
with increasing the dehydration degree on occasion of lithium ion accommodation". 
In fact, the isotope separation coefficient is determined by the vibrational motion 
between the lithium ion and coordinated O2" ions and the isotope separation 
coefficient must increase with increasing the change in the coordination force. 

Table-1 shows the isotope separation coefficient measured by the batch method. 
X in the Table shows the mole fraction of lithium ions in the exchangers (solid) 
phase. The dehydration degree estimated from the NMR spectrum is shown in 
"comment" column. It was obvious that the isotope separation coefficient increased 
with increasing the dehydration degree. 

Exchanger 

Dowex 50W-X8 
TiSbA-1 (x=0.02) 
TiSbA-2(x=0.13) 
OT-HSb03 (x=0.2) 
OT-HSb03 (x=0.4) 

c-HTa03 (x=0.2) 
c-HTa03 (x=0.4) 

c-HNb03 (x=0.2) 
c-HNb03 (x=0.4) 

S(7/6)=f(7/6)sol/f(7/6)ex 

1.003 
1.025 
1.011 
1.030 
1.022 

1.043 
1.028 

1.043 
1.028 

Comments 

hydration similar to aqueous solution 
40 % hydrated 
80 % hydrated 
monoclinic Li0 2H0 8Sb03: 12 % hydrated 
orthorhombic Lio4Ho 6Sb03: about 20 % 
hydrated 
(cubic) Li0 2H0 8Ta03: few % hydrated 
(cubic + rhomb ohedral) Lio4Ho 6Ta03: 
several % hydrated 
(cubic) Li02H08Nb03: few % hydrated 
(cubic + rhombohedral) Li0 4H0 6Nb03 
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