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BN CE T, FTo, 20~50A v ¥ a LU OMIAKRIE T, Bk (2fE~14%{E) To7a b NMRAA
7 MVOBRIN TE Tz, BIENEHKD AT MABMBOIED V1L, BEEEN12% & 16% T, ZEMES%LI T L V2
EATVNAR D %R LTz, BB OKOLF T 7 ME, SUGENE 2 120> TIRIESHIZ 7 N Lie, ZofkFe >
b A DIEEE 1 % CTUEIR] U E OERKERIK & i ARKESIROB OV 7 1 F AT 7 M aefib, Fhll L Cidimg,
LY, MRl LTIV RENT, £72, Z2EE1 %O O A NVKR L BBOENLT 0 N ALFEY T N &

FEHEL LTz & & OB 2 KTz,

%m0 — A SRR, SN, DVB, st HAL

1 [FC®HIC

A T BRI FED BT HFIR L FERRITHER ST
Wh, WAL, A A OBRESHHT, AT AAHRAHD
e, —J7, BEERCHEARA 4 HEA 4%
DERED T2 D OAMFRHMIK MG, KRS SOk~
RRABERA ST D, A A ZBBIERIICIE, 2ot
NE, KOEGHE, AT ERM, A A2 Oy
PERSIE SN TOT, 2D O RE2AEE TR
LRTNASY

EZAT, AF BB L INBOKE T 1
NMRCEIT S Z Lok Y, I— RUng 4o 22l
PR OB WY LUK, Bix ZefffgensfTiebhn <&
79 RO L Ea—bHERTHDY, Wb A
A R HHE R O FEELRIE CORERER T, {LF 7 b
OIEMERRIETLT L TETWRNEEZ DR, A
MV DIEA Y FOJFRR OB S 47 & 10 2 78wy,

FIT, KEOBENT, VRiFOA 4o A HE % 5%
LI LTz, 7o b TONMRANRY MLORIENRTE
UL, B A AR ORE L LT OSSR, KoKt
A F 2 DIRBEZEORHEE 10 FERICTIR O D FIREMER S
o F 1z, fHAPCEAL OBIIEORIED ST - FHE~D
KB FHREE B X DD,

F T, BaITRRDHEGEEOHROBREED A 4 A
BRI & 81T, VR f~+4hi - T 7 - NMR A

12

K, L7 b, 7m hr, NMR

7 MU X DREERR LT,
2 X B

2. 1 AF IR RIERN

HEZ W= A A 22t fiR I ZDowex50 DHAL T, 42
XY © =1 ¥ (Divinylbenzene : DVB) O&H
BT, 1~16% %Mo, A A 2HHEDFEHIDowex
50WX 1(50~100mesh), Dowex50WX 2 (50~100mesh),
Dowex50WX 4 (50 ~ 100mesh) , Dowex50WX 8 (50 ~
100mesh) , Dowex50WX12(100~200mesh), Dowex50
WX16(20~50mesh) & T* (100~200mesh) T 5,

KRR DK 72 B NIA A L AR BT T O FIEIC X
ORIz, KOBE, KITEEE LicA o 2D
—ERARIL, OB TRI3500rpm THI1053 A,
A TSRS OKEZ IR Y brE, BRI L, @i
Z2RE, TO%, HEZEHEHETR120C, ARFRHIFEEL,
HEALHEAN D 7 — 2T, EBE TG, TORER
WEEITV, S Z Ky EE U TROT, A AN
B, A U< g UTo A A MR O —E A KR
L, 20%, NaClo—ER&ZIRML, KBA A %A
AR L D L, 0. VREOKERLT F U ¥ AR
RIZEVHEL, KFBEA A EERD, WEEEYZDO
IR L L TRDIZ,
2. 2 NMRAIE

A AL AR O T 1 h U NMRANY M LORIEIFX 1
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1 A A AZERIE ONMRIE A =25 B s8]

DB TIT IR 572, EASMm ¢ ONMRIEH OB I
TMS (Tetramethylsilane) AV OE 7 v a1 (CDCl,)
ZAR, ZOHIZ, MKERT LCEZL dmm ¢, W
1. Imm ¢ DF v ¥ 7 U —{TA A 23885 2 Ad, HIEH
OFELE Lz, SMAIOTE DR Z1340mm T, A A A3t
HEDRIT-OFLNT2 D L9y kLT, ZOFIMLEE
NMRAZ MVRIEOR A VOHRIST, i bR
mL, REOV TNV OMEEHRILIFLTDTHD,
HE R 1E24. 520. 5°CTITo 72, 2EEITINM-A400
(AARFEFRD, E GBI £53399. 66MHz, #l
M > FEEEIL134. 50kHz, ~L A1Z90E (12.20
sec) , LI —s—4 1210, BHIEIZ8000Hz, T —X
RA 2 ME32K, FiFIL16~256[H T T o7z,

3 MBREEE

3. 1 AFAUKHEBEE—KRONMRRRY L

X212 Dowex50WX 16D A A L AcHafsiE 1hz, 141 mm
O7 1 h U NMROFERZRT, OppmDOE—7 (FE/ v
TV LR OTMS Ty 7 S OREYEWE, 1. 58ppm
DE—J X ORI OKRDOE—7, 7. 26ppmD B —7 %
HAFRLESNholmrau iV a0 —7 Thb,
4. 80ppmD =7 (IF ¥ 7 U —NOKDOE—2 Th D,
XFD T A RV Rick b —2 T, WidZnakiL
2 (CHCls) 3 FHORFEIZEKRFEDH TV ik
HE—T ThD, AFZHBIED AT U, BRI
BT, BHET-E—A 2 NOIRPMEBEAIEIIENY, =
DEREED 7 1 b K IEHIE T8l s s,
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CHCl

in sol
in capillary
1,0 in ol

T™

PR, ¥
N FEETE FEETE FTTS FTET Fe
10 8 6 4 2 0
Chemical shift / ppm

1

K2 A A AHaIE (Dowex50WX16 HAY) —K%&
TO LRFORAERNEE D AKD 7 v F > NMR A k

I
° DVD
o -
N
2 9
4%
L P N S
N 129 4
1
e Iy
L L L L L 1
75 70 65 6.0 5.5 5

1H NVR Ghemical shi ft / ppm

K3 BIBEOA AR (Dowex50W HAY)
— KB TOBREORBIIERROKD T 7 L NMR A
7 MV

#F1 A A HHEE (Dowex50W HA) —KFZED
Tl % DIEFGEEIC IS 1T B BRI (8 nob) 35 £ OWME (5
H:0.0b) DK OPIEMFS J OB IE (6 m0.e0) DILFET 7 b &
KIAEDNE RO AL 7 k(6 120)

DVD [ml MFH:0* Sincb O HO OHOcor O 20
% m*! p*? ppm _ ppm _ ppm _ ppm
0.736 0.0197 5.080 4.805 4.855 0.227
2 1.30 0.0347 5.203 4.826 4.876 0.350
2.74  0.0744 5.450 4.801 4.851 0.597
8 4.93 0.127 5.969 4.805 4.855 1.114
12 6.25 0.160 6.172 4.806 4.856 1.319
16 8.15 0.205 6.955 4.787 4.837 2.102
*1 :mole/kgH20, *2: 711 b L E/L0Hp=3x/ (2-3x) xITHYF
DENLSFR

Dowex50WX16 DHAL D A 7 1 Mt IENER D /K 1E6. 97
pPMITHRIE (KI67Hz) DIEWVAALY bk LTERlEh
Too KOE—7 RO 7 N TEIIEND D, A4
VASHASIE RN S VT KD N D AV 7R RS & D
DOFfFEETATIC LY, b Fafi (4, HOVERL,
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BTN ONA A BRI DK D & — 2 1 HBRRESAI
V7 MTHZERELNT, KLU, WIE LA A A
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BB L AKDRF Y BT V—NIZH D70, 1y ZE5HICHE
LRI E v BT U —NOKDOBALRNREZR Y, 555
RIS L DR IEZ L E LT 57120 THDHY, 14
VEHIINEN OK DAL 7 MTRIF-DERIR TH B 720, 7k
BHE DX ¥ 7 U —OME ORI L ABALREOFIEI LN
L LW, HIEORER, SN OAIILARTICH]E Lz
Mot 7 MAEIRIC L 2Ky 7 ME L —8 LT
16),17)D

A T BN OIKD AT S LD E— 7 | IEEREEN
BT ONURREBRINC S 7 M &R LTz, ZhUL, A A58

BTG 2 SRVE (S Fe LI L7 & R LR C©d 52,

B HDIE, Z T THELNIANBOKD AT N IVORHIE
IE LWV REAE SN TS Z L Th D, Gordon H2
DOUBTOBIEINTOKITA 2 AHHNE DR A T o7
BT, L ZoKkoOE—7 BHAEL UT-A A 23l
WEBDKDILH:S 7 R 2RO TS T2, E LA A%
PRI OKDIFET 7 R ER LT EE 2 bbb,
ARl VE F 721385 (28 ~+25fE) oA A 23kt
JERIFAC LD IEDRERD S, SERK~DA A 55 kst
OFBEIEL L, T LFY 7 MBRHETEZLDLE
ZHivb,

3. 2 R &

WD E— 27 OFIEIE, NMRAEHE I S iz A
A AR HAHE DB & DK OIRREEHIE L, A A 25He
HHIEDPNES & S D KD A2 S ILVORMEDILDS Y DJFIA
ERARR, UP LB SR IEE R 2 e

HNEBDKODIRREIEA A 2R 2~ 2 L CIIAREW
Tl e Bbinsd, BIHIERNEBOKDIREED FFH3A A28
HRIEORHEZ R L TND EB X BND, FK2ITHKLEEE
BT DA A L ZRBBIENE OMIBE ORI ERE R A=~ T, 4
HOKRDOIMEITIL, A A 2BHHIRIC X D BN TR &
Nz, ZREEE16% T, HiEEH20~50mesh & 100~
200mesh COMIBOZEII AL LN o722 &b, Ktk
DEWTHITENERD K DFMBEIE TR & 2 b o & Bb
ns,

BRI O KITZAEREH31 % ~8% TlIHI34~50Hz C,

14

#* 2 Dowexb0W HE!DEIZAGEE DN KD T 7 kv
NMR AT sV O#E

DVD% 1 2 4 8 12 16
oflfE/Hz 34 39 49 47 81 67

12%LA ETIRA Y 2R Lic, GMBE16% T, hifE, 20~
50mesh & 100~ 200mesh T O FRIE O 75 138 & 772
Mo T, RN OJRRNEA A AZHRR &7k & DR bR
DENEZ HND, A4 AHHRINEOED AT L H Y
PR BN B UVREFZ ATV, XUEBUDOR
FERALRIZ, -0.614X106cgs emu THH, ¥
BOMEESTm (-1.056 X 106cgs emu) & /KI5 M
(—0.390X10°6 cgs emu) THULRITRE S BB,
Gordon! IAMBIRIRDIRIENZ ST, A 2 Akl & 4k
ORI & OBAEERDFEZ L D AT MLVORIEE BAES -
TV, BHENENE, BHESERRTHD ZLi2Ly, W
ERRII IR — L 720, BB~ OBA RO I 7
WERFEL TN B2, A AR OB T, A
VIR RIEOAR U B VRO T, ThODOEREND
DEEEEZIE > CORIGOEALDR B U Ky FAFIAIE) — 7248
a5 2 LI K DI DL #EL, fERE
LT, BMEDIENY ZRLTWDIHDEEZIBND, 448
FER12%LL BT, BIRNAE L EE WAoo, Mk
DEERES %A F L0 D7 p b, BIENCTOXRS D E
ODHZEMIIRL IpoTolzd bEZBND,

3. 3 E4E

X4 124 A 2R OBk 7 1 b L Fplixtd B K
EAHUEL LAY 7 M2 Ty b LERERE R T, E
RO 1 N RITKIT 2V T M TH D,
KOPTOBEHX & A A2 ZSHRIT D AV B EE D fi e
ERTRA(), (2 TRENDHY,

HX + H:0 — HsO0* + X (1)

R-SOsH + H:0 — HsO* + R-SOs 2
BRI OB S 7 b 6 aoldZ(2) THEND,

b = pH3OT§Hs0" + pH206H0 (3)
ZZT, pHO'IEE R oA 2, HsO' OKFEE/NLR
S HsO NI Z DENMLFHET 7 b, pHOITKDKFESTR, 6
H0IIKDE/MLEET 7 M EET,

KREFREYEL Lib%y 7 M Q) RoE HD § 0= 0
L, R

dcb, X = pHs0™ § HiO" (4)
THRIND, BOMFHEE o 258 Uiz & X320
OobHX = «apH:0' 0 H0'
+ 1/3(1-a)pH:0 § HX (5)

S HXIFEHX DENWALEL 7 N 53T,
A Z AR DN DOIK Tl
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#3  HEREOMEROT T N EMEFY T FOME

73 Our data Hindman Hood & Reilly
HC1 12.8+0.1 12.71+0.04 11.8
HNO3 10.2£0.2 12.19+£0.13 11.43
HCIOs 9.3+0.2 10.07£0.07 9.17
H2S04 84+0.1 — —
Oinob = « PH;O' dHsO"
+ 1/3(1-a)pH:O' § R-SO:H (6)

ZZT, §moldA A AHBENER DK OB 7
M &S, 8 R-SOHITA A L AHMSHE D 2L AL,
R-SO,HOE/MLET 7 N EERT,

bt e A 4 HsO*DOE /LT~ MIHERETLL. 8,
HEEHNO3IT11. 43, R FEREHCIO4139. 17% Hood 513
WL TW5H2Y, 2 b Hood & DOFSRITEAIAIK OISR
OFFEN2L, fIE L7 EIZHindman 23845 LT\ %22
WREEDT — ZITHE STV, Fox ORMERFIE LT
I BIBOMEITER, Wk, WERRDS L OmRIIEnE
N12.8, 10.2, 9.3B L U8 4Th »722¥, FIITHRLS
DOH30+*DE /W LFET 7 OISR 2779, HsO DE/L
(Vs 7 DASEROFERE Z L\ H 72 D OILRIE IR & [
A T DOKBE~DEER S DD EHEZ HND,

A A BHAFED A VIR U F-SOsHOffBECAE T D B
FEX A A VHONZ LV EETWDLHDT, 4R
BRINRSER DK & DLFIRREDIE M X DAL FA IR
L2bD0TEHBRWEER bND, ANF U BEHEE-SOsHIL
TFIVRMEDAF Lo — =R oD~ b v 7 A
IREE L O T, B KOS ~DOF 13BN L
EZBNDHDTIRSOH=0TH D, F4ITRLTND X
I, BHEE1% IR L v/ hSWT e h Y
7 b § H,0"D11. 52, 2% TiX10. 09T, #ilk & IFEF LT,
BUERE AT ON, WD EIR L, BB %% Ak
VEROFRBERE DIEHE L U TR OFERIT, LIENCH S
7o fl2? &R URE RS DAL, Hox OFEROITN L0
RETHLEEZEZOND, FREEDNREEOHEME & Hi
B LT=DlE, BMEEEDE IS oA A L 2 HAIE PN D
ZEBRANE Y, RANT OREIREEDSE R, AR CEROREED
B <720, AVIRCRROFFBEEEDNBY L2 b D LB Z B
Dy A T BB G PR OB O SR | TR S| T i~ i
1 % F TITROEDORETH D LB BND,

1 KEF~+HAE TOBIRITIEA A A BUsEs R D AKAL
F T MIBIROREEZI 2 &, BIIENEROK b
FEMOBSGOENEZ T, EfE/b 7 Mgk
722 8T RN, L VRBRIRA A IR N ER D IREE A
o, BHRENEO A VR SR ORREE RS bz b
D EEphs,
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# 4 Dowex50W HEIOKZEEEIZBITAE Faxv
1k yEp, BIHENEOKDVEEL 7 R 60 v ke
Form hEAGEFEY T b, W0 /p, BLOR
JVIR VRO, o

DVD%  p/3x/(2-%) 5120 512 /p a
1 00197 0227 1152 1.000

2 00347 0.350 1009 0.781

4 0.0744 0.597 8.02 0.696

8 0127 1114 8.77 0.761

12 0.160 1.319 824 0.716

16 0205 2102 10,51 0.732
B0 e e
251 .

L o N

2.0F 3

E L 4
4 L ]
£ L ]
o, Lb&F .
P ° ]
LOf © 3
0.5F © 3
0_0:....|....|....|....|....'

0.00 0.05 010 015 020 0.25

p / 3x/(2-%)

X4  BEAEEDA AL NGO T 7 b oy =p T3
D BIERER DK DAL 7k

4 F&OH

VRA BRI~ DA A 2 Hatig — K rD 7 a ko
NMRA A MAORIEDF DT, A A AZHHIENE
DIKDOFMEITZEFRFE12% LA TF L BN HRERBE BN
7o HEIDOEEDTR S IILEGRIE 1 % CHalg & RO &35 %
DD, BIRDO ANV CERILOMRBERE A5 BT,
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Investigation of Ion Exchange Resin of One or More particles
by Proton NMR

Yoshiyuki FUKAZAWA, Yoshihito KAMIMOTO, Ken YOSHIOKA,

Hisashi FUJII and Tetsuya OKUDA

We investigated the water and H-type ion-exchange resin (IER) systems that had one or many
IER particles by proton NMR. The accurate proton NMR spectrum of the inner water of one particle
IER was observed. IER was 1mm in diameter having H-type Dowex50W and 16% DVB
(Divinylbenzene) cross-linkage. In addition, we observed proton NMR spectra of the inner water of
many IER particles from two to ten or more. Those spectra widths of 12% and 16% DVB were about
two times broader than those of the lower content DVB IER. The chemical shifts of IER inner water
were shifted to a lower magnetic field as the DVB contents increased. It is thought that the acid
strength of the H-type IER (IER containing 1% DVB) is between hydrochloric acid and nitric acid
from the mole proton chemical shift. The dissociation degree of sulfonic acid group of IER was
determined from the chemical shift of the IER containing 1% DVB, which is thought to be the full

dissociation reference.
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