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Separation factor for °Li and 'Li has been determined using ion exchange resin having 1,7,13-
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trioxa-4,10,16-triazacyclooctadecane (N;O;) as an anchor group. The ion exchange capacity of the N;O,
ion exchanger was 2.0 meq/g dry resin. The lighter isotope, °Li, is concentrated in the fluid phase, while
the heavier isotope, 'Li, is enriched in the resin phase. By column chromatography [0.3 cm(1.D)X 30 cm
(height)] using 3.0 M ammonium chloride solution as an eluent, single separation factor, o, 1.018, ie.

(Li/*Li)yegin/(Li/ Li)g, Was obtained by the Glueckauf theory from the elution curve and isotope ratios.
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1. INTRODUCTION

Ton exchange resins were widely used for the
separation of isotopes. One of the specific charac-
teristics of crown compounds is the ability to selec-

*To whom correspondence should be addressed.

tively form complexes by capturing cations, espe-
cially alkali and alkaline earth metal cations with an
ionic diameter fitted to the cavity of the crown com-
pound, and this leads to a natural application for the
separation of isotopes.! The first reported use of cy-
clic polyethers for isotope separation involved work
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by Jepson with calcium salts.?

The separations of lithium isotopes by ion ex-
change chromatography. were carried out by Fujine
et al. and Kim et al. using by cryptand and a-
zacrown ether resin.”™ The ion exchange method,
however, has a disadvantage of small isotope separa-
tion factors. Recently, large separation factors for
lithium isotopes were found out in several systems
cnntaining macrocyclic compounds. Jepson and Ca-
rins, first reported the large separation factors in the
range of 1.026 to 1.041 for some two-phase chem-
ical exchange systems composed of an aqueous solu-
tion of a lithium salt and a chloroform solution of
lithium-{25.2.1] cryptand complex.” Nishizawa et al.
have determined similar separation factor of 1.042
for lithium isotope separation using benzo 15-crown-
5 as an extractant, and of 1.047 by cryptand [25.2.1]
polymer.6 Recently, Kim et al. reported a maximum
separation factor of 1.053 using styrene-divinyl ben-
zene copolymer with monobenzo-15-crown-5.” They
also carried out the lithium isotope separation by
chemical exchange with polymer-bound dibenzo py-
ridino diamide azacrown and reduced dibenzo py-
ridino diamide azacrown, and obtained the separa-
tion factors in the range of 1.017 to 1.035.°

In this work, the lithium isotope separation by the
ion exchange resin containing the azacrown ether as
anchor group was investigated.

2. EXPERIMENTAL

2.1. Synthesis of ion exchange resin

1,7,13-trioxa-4,10,16-triazacyclooctadecane  trihydro-
bromide was prepared by reported procedurcs.9~ll The
cyclic triazatrimerrifield was prepared by reaction of
the corresponding cyclic amine (N30;) with Merrifield
peptide resin in benzene. The synthetic procedure was
described in the literatures'>™"® and shown in Fig. 1.

2.2. Reagents and apparatus

Lithium chloride and ammonium chloride were
purchased from Sigma Chemical Co., USA. Atomic
absorption spectrophotometer (Hitachi Z-8000) was
used to determine the lithium ion concentration in
the solution. The measurement of lithium isotope ra-
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%’ ig. 1. Synthesis of ion exchange resin with 1,7,13-trioxa-
4,10,16-triazacyclooctadecane group.

tio was carried out using thermal ionization mass
spectrometry (Finnigan MAT 262) with a rhenium
double filament.

23. Ion exchange capacity

For the determination of the capacity of N;O; ion
exchanger, titration method was employed.” Each
portion of 0.2 g of cyclic triazatrimerrifield, 200~
400 mesh resin of H-form was weighed out ac-
curately, and transfered into a 100 mL polyethylene
vial with a polyethylene srew top. Then 50 mL of
0.1 N sodium hydroxide containing 5% sodium chlo-
ride was added and incubated at 25°C for 24 hrs.
The reaction mixture was centrifuged for 5 min at
5,000 rev/min and then 20 mL of the supernatant
was titrated with 0.1 N hydrochloric acid. The capa-
city of ion exchanger was calculated as

Capacity(meqg)

_ (Viaots X Nyvwor) ~ (Via X Nup) )

mass of resinX % mass of dry resinvi00

where Vy,on and Vyg are the total volumn in mL
of NaOH and HCI, respectively. Nn,on and Ny are
the normal concentrations of NaOH and HCI, respec-
tively.

2.4. Separation of lithium isotope
Cyclic triazatrimerrifield resin was slurried in am-
monium chloride solution. The slurried resin was

. packed in a water jacketed glass column (0.3 cm LD

X 30 cm height). The temperature was maintained at
20°C with a water circulator (HAAKE A-80). 500
pg of lithium ion in distilled water was loaded on
the top of the resin bed. 3.0 M NH,Cl solution was
used as an eluent for the separation. The lithium
feed solution was then passed through the column
under gravity flow. The flow rate was controlled by
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a fine stopcock to be 3 drops/min. The effluent was
collected as a fraction of 30 drops each with an au-
tomatic fraction collector.

3. RESULTS AND DISCUSSION

The resin having N3O; as an anchor group have a
capacity of 2.0 meq/g. This value is less than those
of the Dowex 50W-X8, 200~-400 mesh, a styrene
based sulfonic strongly acidic cation exchanger (4.8
meq/g of dry resin). The value of 2.0 meq/g is of
the same order of magnitude as DIAION SK 110
(2.0 meq/g), DIAION SK 112 (2.1 meq/g), and
Wofatit CN (2.0 meqg/g) cation exchanger.'®

Fig. 2 shows the plot of Am/m versus local en-
richment percentage (R-1)-100% based on Glue-
ckauf thoery."” The relationship between the local
enrichment percentage and the proportion of eluted
lithium is linear, and the local enrichment per-
centage increases with increasing the proportion of
eluted lithium. The separation factor was calculated
by Glueckauf theory.w In this experiment, the heavi-
er isotope, 7Li, concentrated in the resin phase,
while the lighter isotope, 6Li, is enriched in the fluid
phase. The chemical ion exchange reaction can be
represented by the following equation

10.00
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Fig. 2. Result of the SLi-'Li separation on N3O; ion ex-
change resin eluted with 3.0 M NH4Cl solution plotted on
probability graph paper.
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6f i+ Nt . >+ 6] 1+
Llnesin+ Llﬂuid*—* L]resin+ Llﬂlu'd (2)

The subscripted symbols, such as fluid and resin
refer to the fluid and resin phase in this isotope ex-
change reaction. The generalized theory for the
direction of isotope enrichment is not established yet.
Lee,zn Klinskii et a/.?' and Heumann and Schiefer™
reported that the heavier isotopes were enriched in
the resin phase of ion exchange chromatography. On
the other hand, Aaltonen,23 Heumann and Lieser,™
Russell and Papanastassiou,” and Jepson and Shock-
ey”® stated that the heavier isolopes were pre-
ferentially concentrated into the fluid phase of chro-
matography using strongly acidic cation exchangers.
Previously, we also obtained similar results with the
direction of isotope enrichment using an ion exchange
resin having crown and azacrown as anchor groups.®

The separation factor calculated from the ex-
periment data was 1.018. This value is higher than
those of obtained from sulfonic acid ion exchangers.
But, the separation factor in this study is inferior to
those obtained from the cation exchange resin by
other groups, for example, 1.047, obtained by Nish-
izawa et al., who used Merrifield resin with crytand
[2g.2.1] which was a kind of macrocyclic compound,
to separate lithium isotopes.“ In a comparable ex-
perimental system, we also obtained the maximum
separation factors of 1.053 and 1.035 using mono
benzo-15-crown-5 and reduced dibenzo pyridino di-
amide azacrown as anchor groups, respectively.® So it
could be thought that the magnitude of the separation
factor is slightly depended on the ligand and solvent.*
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