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Magnesium isotope separation was investigated by chemical ion exchange with the 1-aza-12-crown-4 bonded
Merrifield peptide resin using an elution chromatographic technique. The capacity of the novel azacrown ion
exchanger was 1.0 meqg/g dry resin. The heavier isotopes of magnesium were enriched in the resin phase, while
the lighter isotopes were enriched in the solution phase. The single stage separation factor was determined ac-
cording to the method of Glueckauf from the elution curve and isotopic assays. The separation factors of
2Mg?-BMg?, 2*Mg?-Mg?*, and®®Mg?*-*®Mg?* were 1.008, 1.019, and 1.006, respectively.

Keywords : Magnesium isotope separation, Monoazacrown resin, Capacity, Isotope effect, Elution chromato-
graphy.

Introduction 22Na, is one of the raf8" emitters and this isotope is used in
various scientific fields as a source of annihilation radidtion.
Macrocyclic polyethers and their analogues have thé&im et al® carried out an elution chromatographic separa-
remarkable property of complexation with cations, espetion of magnesium isotopes with a;®D¢ azacrown ion
cially, alkali and alkaline earth metal ions. Therefore, theirexchanger. They also found that the heavier isof8ig?",
unique ability to form stable complexes with various cationswas enriched in the resin phase, while the lighter isotopes,
has been used to separate isotopes of alkali and alkalif@g** and®Mg?*, were enriched in the solution phase.
earth metal ions. The separation of isotoS#8F*-*5CuP* lon exchange elution chromatography with macrocyclic
and*Mg?*-2Mg?* was first attempted by Robessal’and ~ compounds is a promising method for the separation of iso-
Martin et al.? Konstantinovet al®investigated the separa- topes due to the ability of complexation with cations, espe-
tion of 2Mg?*-*Mg?" and 5Cu**-*C?* isotope pairs in  cially, alkali and alkalaine earth metal ions. In this work,
aqueous solutions of magnesium chloride and copper chlanagnesium isotope separation was examined magnesium
ride using the method of countercurrent electromigrationisotope separation using a novel 1-aza-12-crown-4 bonded
Konstantinov et al. showed that, as the concentration of th¥lerrifield peptide resin by ion exchange elution chromato-
magnesium chloride and copper chloride solutions increasgraphy.
ed, the relative difference in the mobilities of the isotope
2Mg?" and®*Mg?* ions and the mobilities of tHEC?* and Experimental Section
®5Cu?* ions also increased, and concluded that, at the high
concentrations employed, magnesium chloride and copper Materials and Methods The novel 1l-aza-12-crown-4
chloride might not be completely dissociated. Neubeal* bonded Merrifield peptide resin was prepared by the method
also reported the isotope enrichment of magnesium, cafjiven in the literature$! Synthetic route of the resin is
cium, strontium, and barium through the migration of ions inshown in Scheme 1. The capacity of the resin was deter-
molten halides. Aaltonémeported the separation of magne- mined novel by the method given in the literatiirelagne-
sium and calcium isotopes using a recycle ion exchangsium chloride and ammonium chloride were purchased from
technigue. He found that the separation factors of magneSigma Chemical Co., USA. An Atomic Absorption Spectro-
sium isotopes?®Mg?*-*Mg?* and calcium isotopeé’C&*-  photometer (Hitachi Z-8000) was used to determine the
48Ca* were 1.00016 and 1.00087, respectively. Jepsat? magnesium ion concentrations in the solutions. Measure-
first reported the separation of calcium isotopes with macroment of the magnesium isotope ratio was carried out using
cyclic polyethers. Nishizawat al’ obtained a separation Thermal lonization Mass Spectrometer (Finnigan MAT 262)
factor of 1.0112 as a maximum value for #dg?*-**Mg?*  with a rhenium double filament. Amount of 1.0-2@ mag-
isotope pair by a liquid-liquid extraction system using thenesium was loaded on an evaporation filament. lonization
DC18C6. was then performed by passing a heating electric current
The production of isotopically pur&Mg is important  through the ionization filament. After the ion beam intensi-
because the magnesium-24 is a precurséfNd through  ties of>Mg?*, >Mg?*, and®**Mg?* became sufficiently high,
the nuclear reaction éfMg(d,a) ?Na. The reaction product, the?Mg?*, Mg*, and?*Mg?* mass peaks were repeatedly
recorded. The mass scanning was repeated several times in a
“To whom correspondence should be addressed. Fax: +82-4Block, and several blocks were recorded as one measure-
267-4232; e-mail: chem131@trut.chungbuk.ac.kr ment. The mole fractions éfMg?*, Mg?*, and®**Mg?* of
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/N calculated by the formula:
MeCN 0 o .
YA VA WA W oo, [ j Capacity (meqg/g) =
Q /N\R (200 ONormalityaon) — 4( MLy INormality,q) @
Where R = C;H,CH, Sample Weight ( % Solid/1Q0
Yield : 60 % . . .
It represents the total weight capacity of the exchanger in
H. Paic the dry H-form. The resin must be completely in the H-form
’ before weighing the sample. Since differences in equivalent
weights of different ions would lead to errors. The standard
/ N\ /N sodiu_m hydroxi(_je solution was treated with_ 5% sodium
© ° Merrifild peptide resin © Ow chloride to ob.taln a complete exchange equilibrium by the
: : | excess of sodium ions.
o N U Toethyiamine o N Separation of Magnesium Isotopes The 1-aza-12-
\_/ “Merifield | / P g P

crown-4 bonded Merrifield peptide resin was slurried in
Scheme 1 Synthetic route of the 1-aza-12-crown-4 bonded @mmonium chloride solution. The slurried resin was packed
Merrifield peptide resin. in a water-jacketed glass column of 35 cm long with inner

diameter of 0.2 cm. The temperature was maintained at 20
°C with an Water Circulator (HAAKE A-80). Five hundred

each feed solution were measured in triplicate(in this man- R
ner). ppm of magnesium ion in distilled water was loaded on the

Measurement of Distribution Coefficient The batch top of the resin bed. One molar M solution (k=128)

method was employed for the determination of the distribuy 2> used as an eluent. The magnesium feed solution was

tion coefficients® Each portion of 1.0 g of the 1-aza-12- then passed through the column under gravity flow. The

" . ' flow rate was controlled by a fine stopcock to be 0.6 mL/h.
crow n-4 bonded M.errlfleld peptide resin, 200-400 meSh”I'he effluent was collected, as a fraction of 0.1 mL each with
which had been dried to a constant weight af@0was

weighed out and transferred into a 100 mL polyethylene via goﬁutomatlc Fraction Collector(Pharmacia LKB FRAC-
with a polyethylene screw top. Then, 1.0 mL of 0.01 M mag- '

nesium chloride solution was added, followed by 49 mL of
ammonium chloride solution of the appropriate concentra-
tion to give a final volume of 50 mL. The reaction mixture . .
was subjected to reciprocal shaking at 100 strokes/min f%lThe lon exchange capacity of the 1-aza-12-crown-4 bonded

24 h, and then centrifuged for 5 min at 5,000 rev/min. The errifield peptide resin was 1.0 meg/g dry resin. This value

concentration of magnesium ions in the supernatant was comparable to those of the DIAION SK 102 (cation
determined using the AA-Spectrophotometer. The distribus xchanger, 0.60 meg/g) and DIAION SK 103 (cation

! S . exchanger, 0.9 meq/#). The distribution coefficients of
tion coefficient,Kq, was calculated by the following equa- A . .
magnesium ion on the resin were measured by changing the

Results and Discussion

ton: concentration of NECI solution from 1.0< 103 Mto 2.0 M
K = (Csi=Ceo) |j\_/ (1) using a batch method. The distribution coefficients were cal-
a” Ceq m culated using Eq. (1). As shown in Figure 1, the distribution

. . . coefficient of magnesium ion on the resin increased in a non-
whereCg is the metal ion concentration of the standard solu- 9

tion, Ceq the metal ion concentration after equilibrium of theIInear manngsr with increasing concentration over a range
solution,V the total volume in mL of the solution, amthe from 1.0x 107 M to 2.0 M NHCI solution. Five times of
mass ing of dry resin.

lon Exchange Capacity lon exchange capacity was 23r
determined by the method given in the literatdréhe 1-
aza-12-crown-4 ion exchanger was transformed into the H
form by slow treatment with about 1.0 N HCl in the funnel. 22}
Subsequently, it was washed to neutrality with distilledf
water, and dried in air. Then, 1.000 = 0.005 g of the dry resire 21l
was weighed into a 250 mL Erlenmeyer flask containing o
exactly 200 mL of 0.1 N NaOH with 5% sodium chloride.
The mixture was allowed to stand overnight. An exchange , ) _ } ‘
sample of 1.0 g was separately weighed into a weighing bo 3 25 -2 .5 -1 -0.5 0 05
tle, dried at 110C overnight, and weighed again to deter- Iog M Ammonium Chiorice
mine the percentage of solids. Of the supernatant liquid il,:igure 1. Plot of logKq for magnesium ions on the 1-aza-12-
the Erlenmayer flask, 50 mL aliquots were titrated with 0.1crown-4 bonded Merrifield peptide resin as a function of,GIH
N HCI using phenolphthalein indicator. The capacity wassolution concentration.

' L J
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experimental trials were done to obtain accurate values ¢~
the ion exchange capacity and the distribution coefficient. A 5
35 cm long ion exchange column was used to obtain a sul 0.0
stantial total separation from which the single stage separ: -024
tion factor was calculated. 0.4 ]

The chromatogram was obtained from column operatior, -0.6
with 1.0 M NH,CI solution (K=128) at 20°C. The elution g 08+
time increased with increasing the distribution coefficient 197
due to the high adsorption of ions on the resin phase in th
column. For this reason, the eluents with the distributior
coefficient range of 30 to 300 were used to separate isotop
in my laboratory.

-2.0 T T T T T T
From the elution curve, the number of theoretical plates ir 0.01 1 10 40 70 95  99.5 99.999
the column was calculated by the equation: Am/m x 100
) Figure 2. Enrichment of magnesium isotopes by cation exchange
N = g[Ymad] 3) chromatographye :*Mg?->*Mg*, m :*Mg®*-**Mg?; a :®Mg>*-
B D 26M92+.

whereVnax is peak elution volume, an@ithe band width at  exchange. Egs. (4), (5), and (6) state that the heavier isotopes
the concentratio@=Cnax/€, andCmax coOncentration of solute of magnesium are enriched in the resin phase, while the
at the maximum peak height of the elution curve. lighter isotopes are enriched in the solution phase. Aaftonen
From the elution curve and isotopic assay data, theeported that the heavier isotopes of magnesium were
single stage separation factordMg®/>>Mg? )resi/(**Mg?*/  enriched in the front parts of magnesium adsorption bands
MY sontion  C*MGFPMY®resid C*MP?*?Mg?)soion formed in chromatographic separation columns, packed with
and EPMg?”PMg?*)resid (*°Mg*1**Mg*)sotion Were deter- a strongly acidic cation exchanger, Dowex x38 400
mined by the Glueckauf theot§The data were plotted on mesh. He used ammonium lactate solution as an eluent for
probability paper where the abscissa was a probability scaliée separation of magnesium isotopes. Koretaid,'’ Heu-
and the ordinate was a linear scale. The local enrichmemhannet al,*® Oi et al,*® Ooi et al,° Jepsoret al,**and
percentage was the ordinate and the fraction of the elutefujine et al®? also reported that the heavier isotopes were
mixture was the abscissa. This gave a linear plot. The slopgereferentially concentrated into the solution phase of chro-
is £./N, and separation factor is 4+The separation factor, matography using strongly acidic cation exchangers, anion
a, was determined from the slope of a least square linexchanger, titanium phosphate exchangers and polymer-
drawn through the points as shown in Figure 2. This is a typbound crown ethers. These results were in contrast with that
ical plot of the isotopic assays in this experiment. In thisof my work. On the other hand, Kiet al.? Qi et al,?* Klin-
experiment, the magnesium isotope separation factors fakii et al,>* Heumanret al,® Aaltonenet al,?® and Leé’
Mg Mg?, *Mg*-**Mg?*, and ®Mg*-**Mg>* were  reported that the heavier isotopes were enriched in the resin
obtained as values of 1.008, 1.019, and 1.006, respectivelghase of cation and anion exchange chromatography.
These values are considerably larger, perhaps tenfold more,Le€’” has shown that the metal ion species is less hydrated
than 1.00016 for théMg?*-**Mg?" pair obtained by Aal- in the resin phase than in the solution phase. This contributes
tonen® Aaltonert carried out an elution chromatographic to a difference in bonding and subsequent enrichment of the
separation of magnesium isotopes with a strongly acidic catighter isotopes in the exchanger phase. These phenomena
ion exchanger, Dowex 598, and reported that the value of are in contrast with my system. The enrichment faeteo (
the separation factor for thé&Mg?*->Mg?* pair was -1) for isotopes separated by ion exchange or extraction
1.00016. Nishizawat al’ reported the separation factor for chromatography depends upon the mass of the isotope as
the 2Mg?*-*Mg?* pair of 1.0112 as a maximum value in a well as the difference in the masses of the isotope Pais.
liquid-liquid extraction system including the dicyclohexano- can be seen in Table 1, the separation factor decreased as the
18-crown-6(DC18C6). From the experimental data, itmass of the isotopes increased, and increased as the differ-
appears that the isotope exchange reaction can be repmnce in the masseAr) of the isotope pairs increas€d’
sented by the following equations: Isotopes within approximately the same mass range may
have an increase or decrease in separation factor due to ion
Mg Resit 2XMg?*solution= 2*M0?*souutiont 2°Mg*'resn  (4) ~ complexing, but the mass effect is more signifitaats
28n 1 24 260 124 a2t 2epge2t shown in Table 1. Of the magnesium isotope separations, the
Mg Resin+ “Mg™ souton= "M soluion+ “MGTresin - (9) o ion exchanger is mo?e effective to separate isotopes
2Mg?*Resin+ 2 Mg solution= 2> Mg solutiont °Mg?*resin (6)  than Dowex exchanger. The magnesium isotope separation
system in this work, can, therefore, be explained by the fact
The subscripted symbols, such as solution and resin refénat the hydration and complexation effects are lesser than
to the solution and resin phases in this chemical isotopthe isotope mass effect.



Enrichment of Magnesium Isotopes by Monoazacrown

Bull. Korean Cher@08td/ol. 22, No. 6 573

Table 1 Separation of isotopes of some divalent elements by cation exchange

Separation

Enrichment

Atomic Isotqpe Factor Factox10® £ a0 Method Reference
Number Pair (a=1+) (e=a-1) Am
12 Mgt Mgt 1.00016 0.16 0.16 Elution 5
Dowex50x 8
2Mg?*-*mg?* 1.0112 11.22 5.6 Extraction 7
DC18C6
2Mg?-Mg?* 1.008 8 8 Elution This Work
Azacrown
2Mg?-2mMg?* 1.019 19 8 Elution This Work
Azacrown
BMg?-2mMg?* 1.006 6 6 Elution This Work
Azacrown
20 Ocgr-Acet 1.00047 0.47 0.12 Elution 5
Dowex50x 8
4cgr-ecet 1.00087 0.87 0.11 Elution 5
Dowex50x 8
Ocg-Acet 1.00026 0.26 0.04 Elution 27
Dowex50x 12
ocgr-Hcat 1.028 28 7 Elution 18
Dowex50x 12
Ocgr-ecat 1.048 48 6 Elution 18
Dowex50x 12
38 84g 2+ 88t 1.0000036 0.0036 0.00090 Breakthrough 19
Asahi LS-6
8652+ 88g 2+ 1.0000023 0.0023 0.00115 Breakthrough 19
Asahi LS-6
8752+ 88g R+ 1.00000097 0.00097 0.00097 Breakthrough 19
Asahi LS-6
56 130g 2+ 1383 2" 1.000041 0.041 0.0052 Breakthrough 17
Asahi LS-6
13?138 gt 1.000016 0.016 0.0055 Breakthrough 17
Asahi LS-6
131?138t 1.0000053 0.0053 0.0053 Breakthrough 17
Asahi LS-6
; 41.
Conclusions 2. Martin, H.; Harmsen, E. Elecktrochenl1958§ 2, 153.

Separation of magnesium isotopes was investigated by3'

chemical ion exchange with the 1-aza-12-crown-4 bonded 4

Merrifield peptide resin using an elution chromatographic 5:
technique. The capacity of the novel monoazacrown ion g,

exchanger was 1.0 meg/g dry resin. The heavier isotopes of

magnesium were enriched in the resin phase, while the7.

lighter isotopes were enriched in the solution phase. The sin-

gle stage separation factor was determined according to the-

method of Glueckauf from the elution curve and isotopic

assays. The separation factor&ifg®*->Mg?*, 2Mg**-*Mg?",

and®Mg?*-**Mg?* were 1.008, 1.019, and 1.006, respectively.
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