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The Separation of Magnesium Isotopes by Tetraazamacrocycles
Tethered to Merrifield Peptide Resin(TDM, TPM)
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'Department of Chemistry Education, Kongju National University
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Abstract  Tetraazamacrocyclic ion-exchangers, 1,4,8,11-tetraazacyclotetradecane bonded Merrifield peptide resin(TDM),
1,4,8,12-tetraazacyclopentadecane bonded Merrifield peptide resin(TPM) were prepared, and the ion-exchange
capacity of these TDM and TPM were characterized. The distribution coefficients in various conc. of NH4Cl for
magnesium with ion exchangers were determined by using the batch method. We found the isotope separation
factors on new prepared tetraazamacrocyclic ion-exchangers bonded Merrifield peptide resin(TDM, TPM). The
isotope separation of magnesium was determined by using of breakthrough method of column chromatography.
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[Fig. 1] Synthetic routes of 1,4,8,11-tetraazacyclotetradecane
bonded Merrifield peptide resin(TDM)
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[Fig. 2] Synthetic routes of 1,4,8,12-tetraazacyclopentadecane
bonded Merrifield peptide resin(TPM)

2.3 0|2uEE

2.3.1 o|2uetE8

ol ehETS 3h 4% TDM
TPME H-form A]#oF it} TDM J—} TPMZ 0.2 g& 7}
ZF v)A o] Yl 1 M HCl -&HE 3}=F Zsfo] oF 3087k
Stirring AJZ1 - gHJek o] aghpEANE A A ThA 1
M HCI g-9& 2= #3to] StirringA| 1Tt o)<} 22 1}
;{4_0_ 7 ~ gﬂ 7(—]E H]—E{s]__,—_r ZALS _g_gl_li_% 7].5H;\1 74;_
ouoﬂ 3| 2R o] /%lylxl ko HHW]—Z] _’_Z]e ES=PN
A2 F 65T o oA A=A

ol 2T SAHIYLS vt g2 WY eR o
FHAch Ax" TDM I} TPMO| H-formS 0.2 g Fs}

o

v Jw
0x oA
B

, Sl
H

=

4>

)

Y

0%

o] 5% NaCl& Z3F3t 0.1 N NaOH &9 50 ml= 7}3F
T 24A7HERE BE0] 2 g ol & A2 A 20 ml A
T Fte], Bz oS AFRSte] 0.1 N HCl #5&
Ao AAAETH14].

TDM $X|2} TPM $=%]9] 0]
Hate] IG4gHe AMESFAT l
of ulgl AakstATH15].

Vivaor Nyaomr — C
FA ] FA X % 7122E2/100

o] 2 8H-gH(meg/g) =

714 Vion & 8171918l F3H NaOH 2] olw,
Ve AFAl S0 HCL 9] HaE mt 2 Uehd Zlo]
Tt} Naxwon 2} Nuc= NaOH 9} HCIQ] 2% =z o|th

olemanle] ol LA ALE A9 g G
P2 T 5 ot B ATeIME ol nEA 02
62 10CAH 512 5t A4 579 TAS Do}

A FBEFAEH3]

2.3.2 BEA%

dsitmyE gl 27 S dothy] 3l BE
A4=E 5743t H-form =%, TDM 3} TPME 7%
AlA 025 g & HeFste] 100 mt 4zF kAT Y,
0.001, 0.01, 0.1, 1, 2 M 9] NH,CI-&N-& 49 m& 7}t

S npxato g Mg =49 0.01 M MgCl, |0 | nf
# @01 g vk & 2447t Al&53}1o] Shaking g}
71] sto] HEol TESt A Rgoo] AedHE ICPE

&2 Ao & AXSFATH1T].

_ (C:i Céq)l/;nlrl
0=
G, 3
A71M Mp= 2 219] FA0] AL, Vi 849

o 1
53], Cols E2§99) nh1 g0l Eolm, Cuts 3

Fo =L 1o Sxolct.

2.4 222X}
gelamvtE el HeloldE et dol
Uehic.

_ Kl? _ V;nan

= = =1+c¢
del V;nazl

I8Eg  BEoxls IZnfEafos  EZ 9

4698



Bl=etolx 72|32 (TDM, TPM)S o]&

3 IkIu 491 UA0) Helo] Bt AT

elution maxima?] H] X EXEZA4=9] H|o|t}

2.5 ZRSEQIXKR)
Local enrichment factor(R) t}29] 4]0 & FojZc}

ne GG
GG

N ( V;mr? B V)Z ( Vmaxl _ V)2
(HE)(T( VoV V.V D

max2 maxl

olEte N E4T Avko] F9a

17} 29] )

3. MHZET ¥ 1Y
3.1 TDMZ} TPMe| EM
TDMZ} TPM9] FHdoiis d7|leh R Ad e}
TGAE AFE-3}TE  merrifield peptide resin®] IR AHE
HollA C-Cl A2 690 em™ ol A LFEREA|TE, T1jut A)
£/ F4E TOMI} TPMol = C-Cl BT L)
QISleh. e TGAQRHOIA TOMT TPMe] e
S5% Z3gtH] =, TD : merrifield peptide resin®] H|-&-2
1242 79 ol27 gt} AAsigen, BheT e Al
JEo TDM T} TPM 25 ok 3 g A% itk o] A7} TD,
TP7h 23 B UESAO] To gHS WAHACHIHY
3~6].

TOM FT-R AB|EE

2100 2020 1940 1860 1780 1700 1620 1540 1460 1380 1300 12201140 100 960 900 €20 740 66D
aEom')

[0 3] Wg|d=7) A%t 1,4,8,11-tetraazacyclotetradecane
(TDM) 2=x]9] R AT E

[Fig. 3] IR spectra of 1,4,8,11-tetraazacyclotetradecane
bonded Merrifield peptide resin(TDM)
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[Fig. 4] IR spectra of 1,4,8,12-tetraazacyclopentadecane
bonded Merrifield peptide resin(TPM)
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[Fig. 5] TGA thermogram of 1,4,8,11-tetraazacyclotetradecane
bonded Merrifield peptide resin(TDM)
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[Fig. 6] TGA thermogram of 1,4,8,12-tetraazacyclopentadecane
bonded Merrifield peptide resin(TPM)
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[Table 1] Capacity of 1,4,8,11-tetraazacyclotetradecane
bonded Merrifield peptide resin(TDM) and

1,4,8,12-tetraazacyclopentadecane bonded
Merrifield peptide resin(TPM)
cation exchanger TDM TPM
capacity(meq/g) 1.65 0.55

[ 2] H2d=r} At 1,4,8,11-tetraazacyclotetradecane
(TDM) =A]¢] A3t E §Ho| A mfay|
wol et ExAS

[Table 2] Distribution coefficient in various conc. of

NH4Cl for magnesium with 1,4,8,11-
tetraazacyclotetradecane  bonded Merrifield
peptide resin(TDM)

H,CI(M)
0001|001 | 01 | 1 2 | ST

Ton(ppm)
magnesium | 5.423 | 5.723 | 7.35 | 659 | 3.39 | 170
Kq 6067 | 5740 | 4425 | 4960 | 9841 | -

[E 3] "agert 435t 1,4,8,12-tetraazacyclopentadecane
(TPM)=2| 9] A5t E =8 oA Q] nf1vle
o] It ExA4
[Table 3] Distribution coefficient in various conc. of NH4Cl
for magnesium with 1,4,8,12-tetraazacyclopentadecane
bonded Merrifield peptide resin(TPM)

H,CI(M)

0.001 | 0.01 | 0.1 1 2 ST
Ion(ppm)
magnesium | 5.424 | 555 | 7.44 | 698 | 342 | 170
Kqa 6068 | 5930 | 4368 | 4673 | 9736 -
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[Fig. 7] Elution curve for magnesium isotope separation
with  1,4,8,11-tetraazacyclotetradecane  bonded
Merrifield peptide resin(TDM) in 2.0 M NH4Cl
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[Fig. 8] Elution curve for magnesium isotope separation
with 1,4,8,12-tetraazacyclopentadecane bonded
Merrifield peptide resin(TPM) in 2.0 M NH4Cl
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[Table 4] The local enrichment factor for magnesium
isotopes each fraction of 1,4,8,11-
tetraazacyclotetradecane  bonded Merrifield
peptide resin(TDM)

in

fraction R, R, R3
1st 1.0181 1.0015 0.9837
2st 1.0192 1.0297 1.0102
3st 1.0292 0.9999 0.9715
4st 1.1929 1.0544 0.9738
Sst 1.5232 1.1101 0.9991

fraction | Am/m x 100 | log R; log R, log R3
Ist 25.43 0.0078 0.0007 -0.0070
2st 86.33 0.0083 0.0127 0.0044
3st 95.36 0.0125 | -0.000021 | -0.0125
4st 98.37 0.0766 0.0230 -0.0115
Sst 99.99 0.1827 0.0454 -0.0004
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[& 5] Hgjd=r} 233t 14,8,12-tetraazacyclopentadecane
(TPM)=A1 9] mhavlgs el I 5755
AR}

[Table 5] The local enrichment factor for magnesium
isotopes in each fraction of 14,8,12-
tetraazacyclopentadecane bonded Merrifield
peptide resin(TPM)

fraction R, R, R3
Ist 1.0086 0.9941 0.9857
2st 1.0020 1.0038 1.0018
3st 1.0183 1.0009 0.9828
4st 1.0046 1.0134 1.0087
Sst 1.0145 1.0284 1.0136
fraction |Am/m x 100 log R; log R, log Rs
Ist 5.963 0.0037 -0.0026 -0.0063
2st 77.09 0.0008 0.0017 0.0007
3st 93.16 0.0079 0.0004 -0.0075
4st 96.85 0.0020 0.0058 0.0038
Sst 99.99 0.0063 0.0121 0.0059

[¥# 6] TDM #} TPM o] 2ughp%]9] 22917}

[Table 6] The separation factor of magnesium isotope for
ion-exchangers

Separation factor(a)
Resin
2.0 M NH4CI
R, 1.003295
TDM R 1.000813
R3 1.0000475
Ry 1.0000343
TPM R 1.000178
R3 1.000144
4. 4=
HYBESA S o]-§sto] TDMI TPMS 21 A=
shon, TGARAG|A] o FA5E 24 HES ¢
251943, TDMZ} TPM o] £ siA] o] o] L&
AZE A4l 1.65 meq/gZ} 0.55 meg/g ©]Jch vl
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