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F U URHRICEER L PR A CRE SN THMiE L o TEBY, BA A UMY 1 M Th
HANRENVILEEA T VB A N THDLT NI TAIAT UE=T L EERLT
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N T DWAETIBFIND T, WAERIE O BILFREOREL{ LY, WERELT IEfMEIC
WETDHZ EIIREETH D, £ 2T NMR EE W THMEA 4 o R BRI IR O A
FURBOREAZREL, SEREROCRIGEZHFEE LT, —MiAf 4 EORREICON
TR+ HZ LT L,
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WA A 2 Bkt iE X, Bio-Rad #1811 4 IR AG 11A-8 35 L OV =2 bagft il &
A ¥ A 4> DSROL % 7=,
NMR
Y B D WPEA A ARG & 2 OEMEEIR A B L, FHERER, BHHEX O
v 2 NMR BUEHE IS B L C, l# ok > 7 L RO FiE T, 2Na, ¥Rb,
BCs, P NMR A7 MVEWRIE L7z, BIEICIE, LM KRZER RS % —o JEOL
GSX-500 = MW7z, 7 F N ER - THIRI Sz NMR 27 RLZxf L TiE, =—1
VY =AU RAREMBE T T o T H LI, WRSBEEIT o T T LR
JE &R T,

Lorentz-Gauss Curve fitting
frRax0<f <1)
fxH

X=0
F(X)=T+(1— f)xH exp {—4><In(2)( W j } H : Peak height & : Chemical shift
1+4x(

w : full width at half height

NMR
NMR ¥ 7 F Vi, 7 I v 7 b
DO NMR /RT A= TV, WipEA 4%

Gel
Tﬁ‘%ﬁiP"T%B(&*Yﬁi@ﬁﬁ‘fi%%ﬁ%'ﬂﬁ?%i@?}%/ﬁjﬁ Soln.m—
KX OEFIREICET 2 E® 257, Bk
PREAWE LAV AR BHE I L, E:$
. . . Ref.
NMR 27 frzaJlET 5 (Fig. 1), 22 5

THEOND AT MUVIZIE, PHERKE 7
VIR T DAL FREDOIE BT E T
%, ARMEFREOW N AE FHEIL NMR # A
DA =L LD 3 BODOT, B
BAFIRHEDS 77V &AM BRI TR T
Fig. 1 (&R L7z X 9 IC#7 VA L IsiAE T
TF NGl CTEBlS D,
AG 11A-8
A A IEHRTIE AG 11A-8 1, TRIGIEMERZ A A4 o RHABIE ONTIZAR U 7 27 U LV EE DR
FFENMET, B4, AFx—27 7 —I8HE & FER TV A8 [k TN EC A A4

Fig. 1. NMR spectrum for a heterogeneous
sample: *'P NMR spectrum for an equilibrium

mixture of 1-X4 and Na,PHO; solution.
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T A RN THDIINARFIINELEEA A 0.3
VR A RN THDH N AFARUNLT
YEZULEERT L0, EEIEEREA
B OEITLT L HFECTIEZ2Rn, iz,
EIREOR- T B Y - OFIRF TIEARY
T UNEBRBBIENOBBET 22 LR H 5,
2T, NT T NCFEE LT 11A-8 & 1
mol/l NaOH ¥&#k CTFi#& L, A K CTHol
Beo7=%%, Lmol/l HCI ¥k & L, VAR
RO Lle, WHiRIic T U
LM a2 & s (Fig. 2),
A EfEH L7z 11-A8 BHiE IZIE I L AR & 21
ENPIAFAT BV LELVBRICHFEELTWD ZERbhole, £, BT
DORINEZ Y I L NaOH &k & HCI iR CaB& - it L2 & 24, Riicsnd T R U A
BENEL LT ole, TROHDON T ABEICLY, AU T 7 VVENHEEST D 2 & D5
i’z (Fig. 2),

—7, Na B E£721% CsSTRIZHHEE L 7= 11A-8 Z# F 1 NaCl &k, CsClimik &8 L,
VHTRIEEY, BHIEZ PHAIR & & HIC NMR BREHEICREIE L, ®Na s L O *¥Cs NMR 22
7 hvaERIE LT (Fig. 3),

Na" amount in 1g of 11A-8
(mmol/g)

Times

Fig. 2. Change in the amount of Na* ion

in 11A-8 during successive column

13Cs NMR
Na* in Soln.
Yy Cs* in 11A-8
\
Cs* in Soln.
fU i
[ [ [ [ [ [ I
20 10 0 -10 20 10 0

Fig. 3. NMR spectra for equilibrium mixtures of 11A-8 and 0.1 M NaCl

or CsCl solution.

®Na NMR A7 bV TiE 2 RO E— 7 BB S, RGO > 7 v 08 L b
D Na'o >, KBGO 7 0 — RTIESFR T 7 F 08 11A-8 D Nata 4 LIjE S
iz, ¥8Cs NMR A7 LTI 3RO — 27 BNEI S, @SR > 7 F L RN EER
D Cs A A, BRI O 2 KDL 7 F ) 1IA-8 H D Cs* A A LIRB S
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DSRO1

WHLY VA A2 (PH0y) DPNMR 7 I ANy 7 MIT R ITAFAT VE=T A
A A DOEBEZT, TOREOHME & Hic, K& EBEY 7 1425 (Fig. 4), PH0y
A4 D3IPNMR 7 2 By 7 MZ)KIET DSROL O'ERER (FEUKT =7 L5 ©
AN Fig Al RENTERUV VN NI AFAT VED T A F VBEREREEFR L TH
572 51E, DSROLICWAE SNIZKIEY VA A D ¥P NMR 7 I Ay 7 MELY, &
BILBEEZ RO D Z LN TE D, T 2T, flix OPRED NaPH,0, A7 & DSRO1 & ¢ L,
BHIEICW A L7 PHO, A A D3P NMR 7 2 L7 b &8I L= (Fig.5), PH,0, A 4
VIEEY OB A I Y7 ME (6.11ppm) EHEH L, ZOMEICHYTERUUL
NUAFAT VE=ZT AL G UREEZRDD Z LIZK Y, DSROL OFRERKEE ZE L
72 A, 203mol/l TH -7 (Fig. 4), Z OEIFMO FIETHRE LAEEIFIE— L,

8 DSRO1
%ml I
T 7L |
g
E
=
wn
8 | .
5 | fl | \
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L L
| I
10 5
-3
CmMA/dem
Fig. 4. Change in *P NMR chemical Fig. 5. 3P NMR spectrum for an
shift of PH,O, with the concentration of equilibrium mixture of DSR01 and
benzyltrimethylammonium chloride. 0.1 M NaPH,0, solution.

i 2 O D NaCl, RbCl, CsCl &K & Wil A 4 > 22 #ikétig DSRO1 % = Z i L,
PATEER%, BNa, ¥Rb B LN Cs NMR 2227 R ZHIE L7= (Fig. 6), WHFiLm 2
7 Mvb 2RO Y7 FIOURER S, BEEIK TS T 27 E LT NMR A7 b Lzl
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BIHEELTZ 2 KO 7T ANBHIENTZ08, PNa B L V¥R NMR 27 bV Ty 7
IVNETR > TR SN2 DT, WIRDHEZITV, > 7 TR E 2 F i Lz, 11A-8 2D NMR
AT MV (Fig. 3) T, JFRED m W v — T 72 v VBl S 72 2 & 5, DSROL
I3 11IA-8 ITH~, BRI OB —ERmnEEZ 6N D,

ZNa NMR 8Rb NMR

B3Cs NMR
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- //// \\\7 - M/’/ \‘\-‘.‘,,M ‘”/J"‘ \\,,77, Ji ‘\ .
)
ﬁ |
I ’{\ \ W
i /\
I |
N M | :
j |
j Al /
- = ¢ \\ S W"/ \\“ / \\¥,/ e
. . |
Na*in DSRO1 | . Na® in Soln. ﬁ\ Rb* in Soln. *i \l
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Fig. 6. NMR spectra for equilibrium mixtures of DSR01 and NacCl,
RbCI or CsCl solution.

Fig. 6 |27k &7 NMR A7 kL CRIAEAE & BIBRIAEF O > 7 v D5 Ik LT %
b,
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<|<|

T, BfFEAS—IIEIEMHAERDL, VXS FAIRE, CIlIIhF A U BE, VIIEIE
MEFIZFBRIREHEOEE TH S, BNV F VM L, ERL v ko7 (KiE %
AW, QRXNEvBIETODF A EBEEKRD, 3) XL oldtkz2EH LT,
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HBon=oictt D & PR ORIEE IR LT e v b LI=(Fig. 7). WEA 4 2 23 #a

BRI 632 — 5 A > OB,
Cs" > Na" ~ Rb’
DIEFFTH > 7=,
ATEDIGA A o ZHBINE D& BIE~D A A
v RO
R-A + B R-B + A" (5
(ZXRT DBPUREIIRA TR SN D,

_[R-B] [AT]
“A7IR-A] [B']

(6)

ZZTCTRIFBEORMAEZEZL TS, 01 M
RbCI+NaCl JE & ¥A#K & DSROL # i #: L, “F-fiy
)%, DSROL Z PHEiK & & HIZ NMR
BHEICHE L, ®Na, *RbNMR 2227 kL%
WE L7, Y7 IRER> THBRElEN=D
TEESBEEATV, by 7V sE b
LV RHAEH D Na' 1 4>, Rb* A A DEE %

(4)

6
O NaCl
O RbCI
A CsCl

4¢, . |

D o A A A A
o O
2 E%DDD O @) O o :
0 L L
0 0.2 0.4 0.6

Salt concentration / mol dm®
Fig. 7. Variation of distribution ratio

onto DSRO01 with the salt concentration.

B LT (6) L 0 Kroma 23R 72 Kroma & B O Nat A A2 DELT T 72 2 2 (Xna)
DORAfR % Fig. 81289, F72, 0.1 M CsCl+NaCl iR &A%, 0.1 M CsCI+RbCl IR &%
IZOWTHEERIZ, NMREZ W T Kegna Kesre 2R E L7z (Fig. 8),

IRAVEIR T, A 4 BT OXxt A A M OMABNERAZEET XL RNH 5 DT,
Hogfeldt’s Three-Parameter Model BN -3 & | JBA A 4 U T IT%T 2 BHRAA S kgjp 2 KK L

D RDT-,

Kea = kAYAZ + kBYBZ + 2kB/AYAYB (7)

T 2T, ka, keldHl ATE. i B ICKT ARG T, Xa, XslE, R-A, RRBDENLT
FUvarERLTWD, BT, Ky, ks ZFESEARENSGOTH a 2LV KD,

Kg/a = kAYA + kBYB +aXaXs (8)

ZTNENDOREBIERIZEIT D kega, o Dffi% Table 112789, 723, Fig. 8 (/8 L7 FMT

(NXEANTHIWEFERTH D,
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RbCI+NaCl System CsCIl+NaCl System CsCI+RDbClI System
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Fig. 8. Selectivity coefficients for alkaline metal ion systems.

Table 1 Selectivity coefficient kg;aand deviation from the linearity a for the mixed system

B/A Kg/a o
Rb / Na 0.852 -0.002
Cs/Na 2.48 1.97
Cs/Rb 2.72 1.92

B A 4 o AZHREIZ T DT ATV EBA A DA F L BIRMEIL, RSN KX VT
FEi<, Cs">Rb*>Na" TH DA, WtEA T o RHBAG T DA A v DA F @R
IZ Cs*>Na* ~ Rb*Th -7,

WPEA A v 2 Bk E DSROL (X9 B2 A A 2 OFRIREE TR D720, Fx O Na BEIEIK

(NaCl , NaPH,0, , NaClO, , NaSCN , NaNO; , CH;COONa , Na,S0,) 125\ T *Na NMR 7£%
AWTHRF L7z, Natasik & DSROL & 8 #h L, FirElE%, MR & FHEEik s NMR 308
BIZHE LT, ®Na NMR 227 ML ZHEIE LT (Fig. 9), 2 KOV 7 F ARl sh, &
BESGSBIRE R O Na* A A D> 7 v, @GR EET O Na'A A D2 7 Fn L fi)d
SNz, YT FRER S TR SN D ESBEZITV, Sohicy 7T Vs X
VRGO Na' A A BEZRE Lz, ohdezF L, Pk o Na g izx LT
7m v kL7 (Fig. 10),
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CH3;COONa System NaClO, System
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Fig. 9. “*Na NMR spectra for DSRO1 in equilibrium with CH;COONa or NaClO, solutions.

Fig. 10 kv, AT O Na EHENMEWER, A 4 I K D0 D2 RN &
720, NaClO,, NaSCN &k i, (KIREICB W CTHELE AR VR L=, —J7, ‘PR
WO Na fRENRWE Z AT, SfkiE—EE 1 ICE3< bo L FREN, WA
JIIRFFVEA A > D Na HE¥si (CH;COONa , Na,S0,) (2B L CTidZ D & 5 REHm A4 b
Teh, WAE DR EEA A2 O Na sk (NaClO, , NaSCN) Tl 2 (L TIEIE—E & 72

ST Na' A A DOSEDOFER L0, WPEA 4 2 RN IZ 6T a1 A o BEIRMEIE,
WD XD RNEFIZ D,

Cloy > SCN" > NO; > CI' > PH,0, > CH;COO™ > SO~ 9)
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Fig. 10. Variation of distribution ratio of Na* ion onto DSR01

with the concentration of Na salt.
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T 5 —MlbGA 4 OBEREDOFFNE, Cs*>Na" ~ Ro"TH Y, —MMifEA 4 OERMED
F1% ClO, > SCN™ > NO3 > CI' > PH,0, > CH;COO T - 7=, %Afifa A 4> D@L IT—fff
A A LK<, CHCOO >SO DIEFTH -7z, A A iz LD RIRMEDER L, F
W P OEIRENMRVER, BHE LR, WERBEXROT 47 VBEOEK T, K
BB TRENRR VIR LT,

ST, R THELNEREZ RIS, —MiAf 4 OSBRGSO RGFH 21TV, FE
HICit 2 5 250 BEEME S AT 22l T 20ER’NH L, £12, AEIFAE LEHEFEELS
flif A RICHEH L, Rl A A O A A4 BRI T 2 KO EHR A2 ST, mk
A A R 2 W T D BERAE R OSSR A EE L, EY U VICE A T D 0BER
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NMR studies on the selectivity of monovalent ions onto an amphoteric ion exchanger

Yoshinobu Miyazaki

Department of Chemistry, Fukuoka University of Education

Summary

Absorbents such as ion exchangers have widely been used for recognition, separation and
concentration of various ionic species. Some absorbents selective to a monovalent ion have been
developed and applied for the separation/concentration process until now. Amphoteric ion
exchanger can also be used for the separation/concentration method. The use of water or dilute
salt solution as an eluent is possible for some separations, which is not only suitable for
instrumental analysis by ion chromatography or ICP-MS but also good in terms of
environment-friendly and low cost method.

The adsorbability of alkaline metal ions and anions toward the amphoteric ion exchanger is
weak. It is difficult to determine the amount of adsorbed species from the data about the
difference in concentrations of the target species in the original and equilibrium solutions.
Therefore, we applied NMR method for the clarification of the characteristic of amphoteric ion
exchanger internal solution. The ion exchanger beads absorbing a chemical species were loaded
into an NMR tube together with a small amount of equilibrated solution, and then, NMR spectra
for the gel bed were recorded in the same way as that for an ordinary solution. The
concentrations of monovalent ions in the amphoteric ion exchanger were estimated and the
distribution and selectivity coefficients were evaluated from the NMR signal intensities. The
sequences of sorbability were almost the same as those for ordinary ion exchangers, that is, Cs* >
Na" ~ Rb" for alkaline metal ions and ClIO,” > SCN™ > NO5; > CI' > PH,0, > CH3;COO" for
monovalent anions. The lower the salt concentration, the difference in the selectivity of anion
became larger: in the case of perchlorate and thiocyanate the adsorbability is rather high under low
salt concentration. This characteristic can be utilized for the practical separation/concentration of
monovalent ionic species. The selectivity of divalent anion was lower than monovalent anions as
opposed to a strong base type anion exchanger. This is attributed to the strong electrostatic
interaction between fixed anionic groups (carboxylate groups) of the amphoteric ion exchanger and

the divalent anion.
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