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Cation-exchange chromatography of rare earths.
(Application of controlled potential coulometry to the
automatic recording of liquid chromatography. VII.)
Yoshinori Takata and Yoshijiro Arikawa (Hitachi
Research Laboratory, Hitachi, Ltd., 4026, Oomika,
Kuji-machi, Hitachi-shi, Tbaraki)

Rapid separation of rare earths by cation-exchange
chromatography was studied with the use of a coulom-
etric detector. Sulfonated polystyrene resins of 8, 10,
and 129, cross-linkage were used with lactate solution
as eluents. The elution of rare earths was very much
affected by the pH of the eluent. The results indicate
that the pH-gradient elution is effective for rapid
separation. Good separation was achieved by the
pH-gradient elution of initial pH 3.4 and final pH 5.0.
The elution of rare earths was accelerated with the
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addition of sodium chloride to the eluent. Some
heavy metals which interfere under ordinary conditions
were mostly eliminated by controlling the sodium
chloride concentration of the eluent. Concentrations
higher than 0.1 M of sodium chloride decrease the
column efficiency. The raise of temperature improves
the column efficiency and the increase of cross-linkage
improves the separation factor between Y and Dy.
Taking into account of these results, it was possible to
separate 16 rare earths (Sc and Y included) in less than
80 min. with ‘the use of strong cation-exchange resin
of particle size (8~11) pm and of a stecp pH-gradient
lactate solution method. :

Keywords
Cation-exchange chromatography
Coulometric detector
pH-gradient elution

Rare earth elements

SERE AT & ZERB A A4 EF AR A OER

kg BBE* KiE S, bR —R

(1975 4 4 § 8 H&H)

THREEA A v L FARMA A4 v 2 EREEEEE SCE 2@+ 5 EHRMMBEERE AT, WK
SOREMECERT 5HELYRY LA, Thbb, BHILASJD BERLAY, WYY VAEX
BEMBELL, PHI~8CE ¥ + A #+ v LEHMEA 4 VORUHBEERD, REH5—FHORLR
WERIC R ERBRA 4 v KR LTATANLED s A7 AFE F ZEMLT, EREBRAFVETRS
L, pH7~8 CBHGLFARBAF Vv OLOBEERDSE. LOZOOROERLY, E4LERT S,

FOEBBBRT L LT, XIHEBRKE, RE®KO pH, BE, <228 (A ATATEF) OLE

B, tFEETEFOEBT O VW TN 2T - .

FEBRICL B LARIOBABRITI VT, £4 4+ VOELREY 5% 10-4M (FIEIRE 5x10-8

M) BECh +3% OBRECERTEL.

U
TRRER A A, FAFRRA & 78 EOSHTIIERD D

T

*AMERARFTERTHELYLE  BRRERTR
KBRES

UM kS TR RS - 5 R IR I i R X R
W

FHED-OZhTWw5A, REBROSEHERTHEY
LGS, 3 U BEBEEHVTOBMEREER
HERBEIhTVWA. Larl, 3vRHEREIRLE
STHIE T DM & L DERMA A VIR ENHIFL
rEaRRlEsEiE L T 5.
FLTEELIFARRS MY VLA LERRS MY Y
KD%A F v LIE(LKER(AT) Wk & B TN BRI

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

768 BUNSEK! KAGAKU

B RRCTERFALT RABNELEHERETE
Hick b, BILASRAD BERTPEORERE DT
FA B4 4, EHREA A ORFEZHELL. —
%, oAV AT VT E FRink, HifEEr Y
Y A-RVATVFE KA RS, BEGRERA A
VECAITHRIECXY, FARERA AL OLREE
LER L. THEE4 A 0BRRAREHEOZX VEY
T5. LOXS5K, BABKLREMEE TR LR
R RBEOTRET 5.

2 HRERUCEE

2.1 B 3K

HEERERR - b Y v AR : TR AR K EEREER O b
YV ARLLPUDTHEESFAZBAL T, REREL
5% 7V &Y VIRRKICIHER (BB + v OBRLEIE
Ok®») LT, 0.IM e fAM LA, BExz v RE
BHCBELR. ok, ZRT BRI TIERIAR
BRALT, BREBELLEIKEZAVE. .

FAREBET + YU ABE  TRRERREF ABERS
Y ARRBEKCERL, = vEZERTEELR.

wibkeR (I1) #Eveuk - K %K sl 1k Kk 8](I)
13.575g % 5% 7V & ) VIBERITIHE>» L, ThEBRER
fAC 1l g+ 54 0.05M EHERLASH, BER
¥ v~ M HED(BT $5RE2 A Mg-EDTA Tk 58
BiEE) X VEE L. 0.005M, 0.0000M ik
ChE@ASICHERLTAVE.

FOMBERALARERI TR CHESFRAELZH, B
B KCIEREL .

22 % W

BMEERERC pH A — 2 —X3HY LRAROL D
RERL K.

3 EREUHER

3.1 WMARERE (RBRRE

BENR (L — 5~ 200 ml) iz (0.1~0.001)M FHHEEL
F MY ABBEFARE T Y Y ABKRETCHTHhS
ml FOEMCHIL, IMREEY ) Y 27K 10m] &
0.2% ¥5F> 10ml ZFmL, #RT5KL5iK, pH
7~8 ICFA Lcth BREAFKTLERZ 100ml L §5.
. DFBEHRIZ (0.05~0.0005)M g {bokER (1) $RHEWK
ZiET L, BiEEE&ERE (1000rpm) % IETEME, SCE
P LT HEHRBERMERICX D, FAMBRI A&
HEERA A L OAFRE kDS, —F, RLX 5 CHY
L BEEKC IM sva7vFe FBey 2ml i

* GEARBERDY
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2N2,S0, +HgCly=Na,[Hg (SOs) ] +2NaCl
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Typical titration curves of thiosulfate and
sulfite ions

100ml of 0.005M Na;$,03, 0.005M NaSO; 0.02%
gelatin and 0.1M KNOj as supporting electrolyte at
20°C, pH=7~8;  (A) with 0.02M HCHO; (B)
without HCHO
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Fig. 2 Effect of pH

© 0.IM (f=1.021) Na;S;03 10ml; K] 0.001M
(f=1.021) NazS;0; 10ml; O 0.IM (f=0.921)
Na,SO; 10ml; [J 0.001M ( f=0.921) NazSO; 10
ml
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0 3 5 5
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Fig. 3 Masking of sulfite ion with HCHO

@ 0.1 M S;032- 5ml1, 0.1 M SO;32- 3ml; O 0.1M
8;0;2- 5ml, 0.1 M SO;2- 5ml; pH=7~8
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Table | Amperometric titration of a mixture of thiosulfate and sulfite ions
. 2+

Conceptrauon Mg Relative error (%)
5,042 SO42- Concn. Theoretical (ml)1t Obs. (ml)TTT POE N S5

™) ™) ™) $2041- SO52- S:042- SOs2-1 7 ?
0.005 —_ 0.05 5.11 — 5.10 - -0.2 —
— 0.005 0.05 — 4.61 — 4.62 — + 0.2
0.025 0.005 0.1 12.77 2.31 12.65 2.35 -0.9 + 1.7
0.005 0.025 0.1 2.56 11.53 2.54 11.70 —-0.8 + 1.5
0.005 0.0001 0.01 25.60 0.46. 27.80 0.35 +8.6 —23.5
0.0005 —_ 0.005 5.11 _ 5.08 — +0.6 —
— 0.0005 0.005 —_ 4.61 —_ 4,56 — - 1.0
0.0005 0.0005 0.005 5.11 4.61 5.18 4.53 +1.4 - 1.7
0.0025 0.0005 0.01 12,77 2.31 12.92 2,27 +1.2 - 2.0
0.0005 0.0025 0.01 2.56 11.53 2.61 11.33 +1.9 - 1.8
0.005 0.0005 0.0l 25.60 2.91 25.91 2.25 +1.2 - 2.5
0.00005 0.00005 0.0005 5.11 4.61 5.20 4.76 +1.8 + 3.2
0.0005 0.00005 0.001 25.60 2,31 26.08 2.16 +1.8 - 6.5

t SO032-5ps. = (5203248032 ) gps. — (52032 )obs.; 11 . Determined with iodometry; ttt Average value for 4 titrations

37 “RRDREH
3.1 oLEAWT, HRA +, FAHEERA A
DEAF Vv ERERBLUFERSY Table 1 Wiy, BEXR

ZrhFh 0.00IM : 1, 3-1 OfET, £iBE O
10, 20, 30°C) T\ T 0.0005M E{L/KER(IT) #RHE
WCHEL, BEME (KR CRETREORERZR

L7z (Fig. 4).

30°C P A T M B AL, HIERERIS R
X LTROEXEYE525. —F, 5°CiiBVTRYER
ZEETHHIETRERBEMLIILD, LirdEIMED
NN EDREREZHEASDS. ThHOBRRIIE
PER A A L OERES HLKER(D) & RARE L O ik
R EEE, 1REE{Lic X 5 IKEBMSEHRELTVYS D
oLBEbh5. (10~20)°C TEWTRHYERETHER
BT LA LR T, YEBEADE, S SEERCE
DEEASBEIR L C, BARERARE T LiBEESHEME L —
B L7z fEoT, 20°C FIECHETNETHHI LY
5}75’071:.

VIREHLERCX 5T, B4 4V DOERBEDRERSD
OEENIH 55, 13F £3% LA TERTES. Ll
REEAUNS WAV A A v OIREEHES 50 {5561 &
HEHIS TV KRAL) EHErgr Hvic s SR HR
MRC X HRE, RELBEIRIMIREIKEL,

WA AL OHERENEYD S I8 -7

3.8 RHEAAOESE

FAFREEA AL, EHEEA AL 2K 5X10-3~5x10-4
M DREBEIC FEOEL FIET, 3-1 OBREE
P - TR Lk % Table 2 TR T

Table 2 X b, BILBRTHHE THLHEME A2, M
KA A LR LS, 2 vREEETRERRE
WRETH B0, FEEETIIEERA A 1% 100 587

Table 2 Effect of diverse ions in thiosulfate and
sulfite ion mixtures

i . Theoretical value Obs. value
< Diverse ion Oa2-4S0,2- S, Ox2- +50,2- Error
=:' (x 10-3M) 52 (; lont;M)a 2 (;( JO'SM)’ (%)
g SO,2- 516.034 9,720 9.70 -0.2
3 Cl-  504.307 9.720 9.675 —0.4
ClO3- 501.112 9.720 9.61t —-1.2
N3~ 514,011 9.720 9.860 +1.5
NO;- 0.513 0.097 0.099 +2.0
5.130 0.972 0.979 +0.9
n 513.021 9.720 9.360 —4.1
0 5 10 Br- 25.11 9.720 9.810 +0.95
0.0005M HgClz, ml SCN-  5.038 9.720 9.853 +1.4
Fig. 4 Effect of temperature Sz-t  5.080 9.720 9.521 ~2.1
25.10 9.720 9.613 -1.0

0.001M S,032- 5ml, 0.00IM SO32- Sml;
[J10°C; O 20°C; @ 30°C

A 5°C;

t ZnS was precipitated with ZnCOj3 (solid 2g).
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Determination of sulfite and thiosulfate ions
by short-circuited amperometric titration. Sumio
Yamasakr, Hiroki Onura* and Issei NAKaMORI**
(*Department of Industrial Chemistry, Faculty of
Engineering, Kyushu Sangyo University, Matsugadai,
Higashi-ku, Fukuoka-shi, Fukuoka; **Department of
Chemical Engineering, Faculty of Engineering, Kyushu
University, Hakozaki, Higashi-ku, Fukuoka-shi, Fuku-
oka)

The differential titration of sulfite and thiosulfate
ions with mercuric chloride (HgCl,) solution has been
studied by short-circuited amperometry using a rotating
platinum wire electrode (1000 rpm) as the indicator and
SCE as the reference electrode.

Sulfite and thiosulfate ions, respectively, from Hg-
(SO,)s?~ and Hg(8;0;),*~ quantitatively at pH 7~8.
But, in the presence of large excess of formaldehyde
to sulfite ion, Hg(SO;)s?~ is not formed. On the basis
of these phenomena, sulfite or thiosulfate ion in their
mixture is determined differentially. To prevent air
oxidation of sulfite ion, glycerin is added to ca. 5 (v/v)
% in the sodium sulfite solution. The recommended
procedure is as follows: To a sample solution, ca. 10
ml of 1 M KNO, and ca. 10ml of 0.29 gelatin are
added. The solution is adjusted to pH 7~8 with the
diluted perchloric acid or sodium hydroxide. The
solution is diluted to 100 ml with deaerated water.
The sample solution is titrated amperometrically with
(0.05~0.0005) M HgCl, standard solution by Pt rota-
ting electrode (1000 rpm) at ca. 20°C. The concent-
ration of sum of sulfite and thiosulfate ions is found by
this titration.

The second sample solution, to which 2ml of 1 M
formaldehyde is added, is titrated with HgCl, standard
solution, then the concentration of thiosulfate ion is
found. The sulfite ion can be determined from the
difference of the two concentrations. The whole
titration procedure requires about 10 minutes. Each
ion of sulfite and thiosulfate can be determined at the
concentration range of ca. 5x%10-8 M~10-*M, and
the relative errors are ca. +3%, even in the case of
lower concentration (5x 10— M). Sulfate, carbonate,
chloride, azide, nitrite and chlorate ions in the con-
centration ranges up to 100 times of the mixture of
sulfite and thiosulfate ions do not interfere the determin-
ation. It is an advantage of this method that the titra-
tion is applicable to the solution containing oxidation
reduction substances such as nitrite and chlorate ions.

(Received Apr. 8, 1975)
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