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2.1 ¥ B

FAwic ks e<t /5712 Al 034 BcdH b,
535 mmXx9mm (&) OJ v v MIEFFTAD T A
ICHIM A R Z AL F i lE No. 2613 2 kEM L L
CETALK. BEBZHIMOOW, — X LYy s
E=2X—~ThD, 2P LBEHRLLBOKES VX
p-F /7 D EBNEMRIEEZ MALTHRELYY, £
DESE EN 056 BEEF RO & » X Efe TR2213
WFE 4 PEAALVFIV—F—~ LTI/ R F A
BUBEST — & 2 &HF L k.

22 3 =
Y VER, BV, KREY VEEE L AV RUEEEE
B (Vo) 2kdsicdoio &4+ (Bieha+
V) BEAFEMBEREROY VERSAKEI Y VA, B
VVERAKEZ S Y VA, REY VEEZAKEF YT A
EOEL DY Y AEE, R4V ELT 1% (w/v)
KEWME LCHRMNL, HEFRER L. KEORER
MRELCHVREAR ) —Ly, =& ) 1y, T2FVE
T ERER T FEMBE R 2By, CORER &4
0~80% (v/v) DEBIEEET 0~0.05% (w/v) #EHE
el

¥, K BREHBRINBELDI AV Vr 2TV,
LLl, BYVELAA VD Vg »5HHD B2 H
WTHEHBL .

3 HRRUEE

31 UVEE, WYVE, REYVERSSAITVD K
VUBR, BEYUER, WHY UEEO R AR
R (1) TR, b0 pKy BEELERZBELT
w5,

H,PO, == 3H+* +PO3-

(pKy: 2.1, pK,:7.2, pK;:11.8)
H,;PO, == 2H* +HPO,2-

(pK;,:1.8, pK,;:6.2)
H,PO, —> H* +H,PO,~ (pK, : 2.0)

(1)

DD, TNHL YV VEBAF D Vg RO K 134 %
VHIR S m= bS5 T 4~ BET S L pKy BESE
LTWwBOTEELZEEZRT O LHELLRS. KiE
R EV, BT AEE S0°CieRBF5&Y VB4 A
D Ve BOVK % Table 1 [iRd48, bR LE
ETH D, pKi OPIWVIBEC BT 58 8BDLN
et

ZTC, Bl Ve EZRLEIND YV UBA T U %
A F BRI ST B 70T, BEREREC S T A
BETOWTHRE L.
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Table 1 Retention volume (Vg) and capacity
factor (k') of POB-, HPO4- and
H,PO,~
pK; of
Ton Salt Vg (ml)» k'’ ®  corresponding
acid (18°C)
PO, 3~ KH,PO-H,O 12.59 0.051 2.1
HPO32- Na,HPO3:5H,0 12.20 0.018 1.8
H,PO,~ NaH,;PO,-H;0 12.43 0.038 2.0

a) Cl-: Vp=11.98ml; b) Cl-: k'=0; Column : H*-form cation
exchange resin (Hitachi custom ion exchange resin No. 2613),
535mmx9mm (i.d.); Column temp. : 50°C;
500 ppm each; Sample volume : 0.1 ml; Eluent : Water, I ml/

Sample conen. :

min

3elel CABERAEK BT LEEE 50°C LU, &%
£ 500ppm DY EE, EEYLER KREYUEBEA AU
DEAFE 0.1 mlizoWT, XZ ) —, =&/ —,
7D KR 40% RO T0% REHREE B RBEO
0.01% Rt 0.05% ¥sigyg (I ml/min OfftE) TT.
Fig.1 @Rt koo n< b5 aefi.

Fig.1 HOHALERLSCE ) VEEA AV IBETD
vv T AVIKBERCENT—2DE~2 L LTR
DT ps, 40% Ok —v, =R -V EFERTE
FoClz) VA AV IHEYTHE— IRy s W~
— 7 ELTHEDON, &Y VB FUMBSET S ENE
RLic. 70% OxA&Z ) —V RO Z )~ TREY v
gt Z o Ve SR LM, BYUVBECKEY VB
EA T D ST TETHL, VB A X ETRS
BETE . —75, T0% 7 bLTIE &Y UERA LR
Fig.1 ® D-2 tRT XS CELHUTE .

TDT LV, FEERBEORCRIBEEROEWE
WTHDT7 2 P L X » THBEEOBFERMETL, &
NOHYUEBAA LD pKy BEBR IBALZLLEDHO
LEZ Bhe.

—7%, 0.019% R 0.05% :@RER TILEDRE
DERITE - TEY VA &0 B3 5EET 2ERER LA
25, ISBEMRR OIKEA & L IRE DA X » TSRO
N—=254 B LR LT Vo FhECERFOKOFHRIC
XA THEDOE—~ IR ED BN, 0.05% Do BET
VEREERRT B A — vt — N LCEIE R RE & T o Te-

DT kiE, Wheaton®® LAE_TWBH X SiCA
CHER Y B R T T T 4 —THA T W LA 4
HE E OHHEETS DTS, YRBED pK 2R
Bz LTWwW52S, —FTLoSiRt Fr o EREic
XoTHHENS. LTORE, 4 X2 RO R
(BHEENC & EN 5 BEORE, Cr) L0/l (B
BRI EEN 2B EORE, G) LOMTOIRELHL,



H® & HEBE:
(1,2,3)
(a) “
¥-10 min (1,2) (L2)
(3)
(B—1) ’u$ (B-2) 4/\L/\L
1,2 (1,2)
@) (3
(C-1 (C—-2)
(1,2) 1
(3) e
(D~1) (D—2)
(1,2) 1,2)
(3) (3
(E-1) (E~2)
)
)
Fig. | Chromatographic profiles of mixture of

PO,*-, HPO,>~ and H,PO,~

Eluent flow rate : 1 ml/min; Column temperature :
50°C; Sample concn. : 500 ppm each; Sample
volume : 0.1ml; (A) Water; (B-1) 40% (v/v) metha-
nol; (B-2) 70%(v/v) methanol; (C-1) 40%(v/v)
ethanol; (C-2) 70%(v/v) ethanol; (D-1) 40%(v/v)
acetone; (D-2) 709% (v/v) acetone; (E-1) 0.01% (w/v)
HCIO,; (BE-2) 0.059%(w/v) HCLO4; (1) HPO3z2-;

(2) HyPO,~; (3) PO43-; (4) Water in sample solution

FTibb, HEHRE Ki=Cr/Cs DEV (BHE 0~1 0
E%L5) Lk THEOFHESITLNEDDTHIY,
Ky B— R BEEtonEoBE L BRERCHIEOR
BERY - THLT 5. Foid, KEHERPTEIESR
BElim T 5 L E0ho KEA AL RES BRTAE
B, £V UBOBBERETTS. Thbb, BEMEH
O& Y U EBROMBEMETT 5 L LIT X » TLOMRHEK
FA4 T4 AU RBRBIETOREKEA A X DA
FrHBR NI R, ¥ Ky ¥R ->T Vr
BEKXLEd D EE LS.

DEoiEEPL, B BIFL Y RUAK-7T &
U ABEIRT D \WCEICHRET L7

312 7 FBEOBE BT KBEE 50°C,
BEEERE Y | mli/min 21, &% 500ppm oY

YRR Y VEL KEY vEREAS FVOBRBRBEI A vk e~ /5T~ 9T

Capacity factor (k') of anions

0013520 30 20 30 60 70 80

Acetone concentration, % (v/v)

Fig. 2 Effect of acetone concentration on k' of
PO,3-, HPO,?~ and H,PO,~

Column temp. : 50°C;

Sample concn. : 500 ppm each; Sample volume : 0.1
ml;  (A) PO43 (B) HoPO,7; (o) HPOs2-

Eluent flow rate : 1 ml/min;

B, MY LEBROWHY vBEAF D 0.1ml 245
ARAEAL, ZhLYrBitro k' 7' bR
EORRERET L.

Fig.2 R RT X507 & bUigEOHEAE LIEY
VEEA AL K BERENCER UL h HORRE
%) LA F i WET B Ky A7 ' BN
EoOWKICE HBEEROBERBOKRTICX o THAL,
FNCE-T K BEALELDTHS. Fig. 2 KRl
FEBERIE CEME TR Lo, 7 bUREOEX
LEBEEYUEA A0 B OEOEROEITHERL
el

3.1.3 HSLBREOHE BEKRE 0% T
v, WEGERES Iml/min XU, 77 LREER (25~
80)°C Toihay, RIVEMAA LD K wowTi
L7

Fig. 3 R TXIO>C&) VBRA AL D & 1345 a0
EoLRELbiCT & FikECRE (Fig. 2) LRk
EEp A L. TDT &V, ¥ 7 AREQLRITX
o THEMRD FEESKETL, &I UVBAFYD pK
PR Uieted EEZBND.
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Column temp., °C
Effect of column temperature on &' of PO,%-,
HPO, 2~ and H,PO,~
Eluent : 40% (v/v) acetone, 1 ml/min;

the other chromatographic conditions;
(B) H,PO,~; (C) HPOs2~

Fig. 3

See Fig. 2 for
(A) PO43-;

—7, &V UERA T OHEREE JIZELHRY TNz
E5EH I ABEDOLRE EBITHST B2, 50°C LU
LR RE LB bidnL, 50°C BES EYEEL
S5z,

3.2 UUE,
FES

3e2:1 7 PBREOEE BRERIIKEELE
Bwicss (I ml/min OFE) OELWA S D~
SEREEEL L, TR MOoBFBRRBEAWIBED
BB ORY VA F 0 ¥ — 2 EEP SRDI. =
OfERE Fig. 4 wiRd. Fig. 4 »OHEL»R X 51T
oA F o ThLEILWA 413 0~80% 72 F&
THELHBRDLNT, 13LAE100% OBEFESELRL
oo LA LR, Vo B UEBROWEYD B
AFDFENET 2 MOBECHEBALELITETL, £
OBREWRREY VB, HYUR, VBRI LCDIET
Horc.

DLEOER? D, TEMEELCWBE4 A7
2 b URINBEOEARIC L - TE DB ZbE D
7ebERWOT100% OBFBHRELRLIDDOEFEZD
noe, pKy B2 THEEV VEEA AR T R PR

HUVE, REUVBEAFTVOBR
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1009 (a)
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Acetone concentration, % (v/v)

Effect of acetone concentration on electro-

lytic efficiencies of Cl-, PO,-, HPO,2-

and H,PO,~

Chromatographic conditions : See Fig. 2;
(B) H,PO3~; (C) HPOz2-; (D) PO43~

Fig. 4

) Cl-;

IREDQ BRI L B & OWRO R (Fig. 2) » 5
LPRESIED pKy PR LTWEDTED BiE
BOBETTEEPBELLNDS. LrLERAED, EHY
TRz X 51 pK 25 4.8 THBEHEA A, pKi 2t
6.4 CTHHREBA AL RN pKy 22 7.2 THD ) B4
Fole ERRILA F L LR 100% OEMESERTH
H&Eh, By 7ot dy pK9.1), 7=/ 1~k
44 (pK 9.9), R4 x> (pK, 10.3) KUY &
4% (pKs 11.8) in E S hin vz L 2% 25 &,
pE: 23 7 EEOBMT BT BKEA T RH IR Ty
5B Thbb, TnbEA T2 O pK EPE
TUTFTHIE, TOKEALT L %70 EDET
DEBABEIIEIE PH 237 0B ETKEA F 02574
BEIND X5 ICHETT 57209, 7' bUIRINEEDHE
RKZE o THR Y VEEA A2 D pK BEALTHEDOBME
ERET LRV &EB8EZ 5.

DEozind, £VVBAT2 0 BEHED KT
1%, pKy (92) ©BWT 60% DI ED7 & briBET,
pK: (J97) THWT 20% DlEo7E boBETIH
5YVERA A D pK BEREC X > TRESRAWERL
Ltierrztick 0k EELZONS. —F, VB
4 XD pEs IR Lz X S RETIRBHEIAL W
DT, BHTRERKEA XU RE) VEBA AL 084 L
Rtz pKy RO pKy =0 TH D, FofERR (1)
ERT LS FRIEFERLLTWEDT Fig. 4 RRLEE
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Ton exclusion chromatography of phosphate,
phosphite and hypophosphite ions on a hydrogen-
form cation exchange resin with flow coulometric
detection. Kazuhiko Tanaka* and Hiroshi Suna-
HARA®¥* (¥*Government Industrial Research Institute,
Nagoya, 1-1, Hirate-machi, Kita-ku, Nagoya-shi, Aichi;

e, BE: ) VER Y VR REY vBEA A VOBRREEA A VIR e~ 5T~ D

#*Department of Industrial Chemistry, Faculty of Engi-
neering, Hiroshima University, 3-2-8, Senda-machi,
Hiroshima-shi, Hiroshima)

In the separation and indirect detection of phosphate,
phosphite and hypophosphite in a mixture by ion
exclusion chromatography with a hydrogen—form cation
exchange resin, a flow coulometric method was used
for the detection of hydrogen ion liberated by cation-
exchange. The chromatographic conditions such as
the composition of an eluent containing organic solvents
and column temperature were investigated. For a
water eluent, the capacity factor (k') of these anions
were 0.051 for phosphate ion, 0.018 for phosphite ion
and 0.038 for hypophosphite ion, respectively, and
depended on the first dissociation constant (pk;) of the
corresponding acid. For the eluent of water-organic
solvents or water-perchloric acid, the & of these anions
increased -with decreasing dielectric constant of the
eluent caused by the addition of organic solvents, such
as methanol, ethanol and acetone. The increase of k'
occurred also by the addition of perchloric acid. For
the water-acetone eluent, the logarithm of £ of these
anions increased linearly with the increase in the acetone
concentration from 0 to 809 (v/v) and the increase in
column temperature from 25 to 80°C. Each electrolytic
efficiency of these anions obtained from the chromato-
gram peak area decreased with increasing acetone
concentration, being 909 for hypophosphite ion, 57%
for phosphite ion and 509 for phosphate ion, respecti-
vely, under the conditions of the 809 (v/v) acetone and
flow rate of 1 mljmin. The separation of a mixture of
these anions can be best achieved by elution with 70%
(v/v) acetone at 50 °G.
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