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IKBR{ES% (IIT) IC K B ALK BREVIC T DEREEY

DL L IBELERFRIL

w8 E 2L owmEt, Bl A

(1994 4E 6 B 21 H2H)

BAKPOMEEESARLEYERRHIEL, RESTRES2BEE CTREBMRT 5 HEE LT,
K ER b kT R (hydrous iron oxide, HIO) "DRERLZIZEB L 17. EHEEFREEMOE TV,
DTHEDHEZZERLUT, 4 BOANVKAYBEOZDERLEMERAL. TNAHDRLIZONT
BER -pH thig 2 &, &5 FHO HOOC- EOK & BB I HOOC- £LISk DB #ukt H5Ik

BHIRRIC RIS HE 2 BRI B U 7z,

(1)HOOC- #% 2 Ll EH 5 A VA Y BIL pH 4.5~5.5

TEBMICREREINS. (2)HOOC- EL & HIZ HO- BESEThT0EE, SO DORE T
R xS N %55, M Cl- HRBMBELZMH T 5. (3)VThOBE L BRI HOOC- Bizxt U T ik
RIS U BINH 5L Z2DRITAEL< L5, (4)HN- BIZLDBEEEEI VALV ECIZE
MLIZIEOD, BRI TWIRE 2 H T 5. (5)EAMAKICO VT # % &, HOOC- # OB T (pK,)
ERMERN 50% &7/5% pH fE (pH,/p) ORI, pH = —pK,+9 DBZEASRB 5I 5. ZOHE
ZEMT AL, HIO KL H5ARILAMBEEORE 2 TR TS LN TE B,

1 &

HgoK - WK - WK & D o 12 RKFR OB S
EEELVZOBEZRBELEDSIZE, Chor2TE
BRI O HEL, BT, FHETRE LB SEEIC £ TR
WTBRLEND D, THRIBHEERIRE NS 2 OREIIHE
BOWMOBRBESERL TCVELSHETS, HIRK(LFEL
CRBRELZNER O S ICIERAIRTH 5.

AWIFEIE, BREFOMBEBLEEGER LAY TERED
BAZEETHDOTH->T, T FORBELM MRS
% eIz, KEE{LEk (hydrous iron oxide; BL T, HIO
EHEELT B) KL B EBEAYORBIZERLIZHDT
5. $abb, FHENERLEMOETVEEY &
C LT—EOH VKB CITE OERILEY A EY LT

T, ZNHDIEEEBEE HIO ~ORE 8 2 R
Ui DTHh 5.

HIO ZHHEA & 3 2 WMBILERDBREOTHOD,
ZUT, RORNSERGIL, ABE 2 OmREMESE
HILEBEWKPOWBTROEEBETH BV ™D, Ko

il

* OEEKFEARERARM - BEYHIER: 606-01
RERTH A X &5 M #ET

ORE RS AR E REEER 606-01
BRI A2 TR X 55 FH T AHART

E
RESE

34 ORBKBIEHOF T, &b HIO Ol ER:
WiIcEB U, RAKFORETEOMEE % KRIL
. CO—HFEDOWFEDOHIZH > THEK 513, HIO ~AD
WERRPHAKD pH IHEBIKET B 2 &2 sk L,
WERD pH 2 BEICHAB T &5 8RE, 20U T
HIO K &2 RERMEXROHREM ZHBBNEELLE T
WHELY. Bz nig, WER -pH #hs (Ll
T, BAMMRERRET 2) 2EAKE §5 HIO B3 B
BRI S hi- 2 Ein s 5. BEdhE» H
BYoE0) CORER, KEZBEET METELL
FIEEHICERT 5LV DMFELEH LBV, F
Thb, Cr(Il) 13X HIO KRB XNZDIZ LT Cr
(VI) BBEZ SNz &Y ¥ U02" i3 HIO K2
BE SN DD [UOy(CO;),]%2 BREI AN &Y,
B ETHBD. ERE, Nakayama HIEZOKEZERLT
SN R OB S BITHR DD LA TR I 8 L
1219,

ERBS DA IS 53 HIO TEE I, BEEEYITE
FP[EET® 5. Davis 5137V 7 I VEE, o-b RUuF
REEM, 24-V b FOF VHEEROWLELE % ik
LTWnaY, EHOE—FOMBEAT I/ BIONT,
HIO RU £ ODREKBILY~OREZEE % ZHEMICH
BU, 73I/80 pK, iz TREHBOBRDOB
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BRICHRID U 7219, Yokoi & & HIO IC k 2B OEER
% HE LYY, X, Hori bIdEHK) VLAY DRARKR
DEDLSY OIS Lo e R d 5 2 EITEH
U, A VLA O FiEmkEEE R 1272020,
PIFIRRBERGRE, HFRICAHVAF VIVE (B
T, HOOC- &) #8952 HHRILEHD HIO iIZX4d %
WEZEH % 2 h 5> OIEMBIC D &5V CRFERYITHE
U, FliEsmsoBletz2En 5L bil, KREE
DRE# FREBOLFEZ D LI UVTTFRT 25
ZEZRUIERTHS.

2 E B

2.1 & ¥

EHLEY (BRELLAY) &2 OEBEK: HIO IIX
T HREHGEEHEOERLEYE, RO M ETH
5.
benzoic acid(1), phthalic acid(2), trimellitic acid(3),
trimesic  acid(4), acid(5),
acid(6), terephthalic acid(7), homophthalic acid (8),
acid(9), acid(10), p-

hydroxybenzoic acid(11), o-aminobenzoic acid(12), m-

pyromellitic isophthalic

salicylic m-hydroxybenzoic
aminobenzoic acid(13), p-aminobenzoic acid(14), o-
chlorobenzoic acid(15), m-chlorobenzoic acid(16), p-
chlorobenzoic  acid(17), acid(18),
acid(19), succinic acid(20 ), malic acid(21 ), citric
acid(22), acid(23), B-hydroxy-

maleic fumaric

a-hydroxypropionic

propionic acid(24), aspartic acid(25), a-alanine(26),

B-alanine(27), monochloroacetic acid(28), dichloroacetic
acid(29), trichloroacetic acid (30), formic acid(31), acetic
acid(32), propionic acid(38), octanoic acid(34). <D
T, 1~1T KOV TETHRERRROHEREZ R
NaOH B IC, X, 2hHO b0 KR KICER
L, WEnhd 2mM BEE U

HIO (BEH) OH8K: stEE 0T RRFHRHE
FeCl;-6H,0 % 1 M HCI iZ BfEL T lmg—Fe/ml E UL
FE, ZORM® 20ml I3 L TRAD 2 M NH; KB
AR, AR LT HIO & 0 T EML,
BT, FEAK 20ml T 5 E¥EE L. 20 HIO 2%
B 15ml ICHB S B 2%, £BE 0mliC L.
HIO H8KIE7 TN T 7 ARERRD LD ITFEHDOD
EHLLSTBL, B LBV TV LTORERRIC
13, COHBMED 4ml (Fe iCHBE LT 4mg KT
58O HIO) ZRHWLIZ.
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22 KRBME

HRf X mE (50ml F) O/ 4 ICHERILEMBR
(LR 2mM BEE) 2ml ZHY, FEAKT 34ml i
ZHIRU 1248, HIO o8 (RFEH) 4ml Z2RML T
BREOABEL2ZERL O 2BEDOVED HCl 50
X NaOH Bk Z A TR O pH ZFIEDELE L,
ha=RT 5 BE (RENSHIVEVEL 2, 9 2H
W TPRERL? S 4 BREKRVES S &ERETFEHIE
L, #hBREERICEEPzVE2EPDT) IR
VRS, BRELEZOSEILERL L, BEICHAE 04
um D A v 75 v 7 4 V¥ — (Nuclepore ﬁlter®; %
¥ —p b DEEEREORAZ 12D, 5P UD
0.5M HCI-1 M HNO; BEH TME L T+H5IkiF L
1) TF@% LT HIO OEz2ZERICL, 20 LEA
WIzoWT, pH ZBIET 5L &b ICERFT HERILE
YOBEARE L. BREADOTEREBREROREH
WIROBEICHE- Tz, bbb, (i) BEREET AL
&% (1~17) &, pH 10 O R T 240 nm 1B 2Bk
EZAEL, o UHABLEIREREERL TRE
rES. (G) REHK HN- 2653569
(25~27) k=> v RV vE?7T, (i) 20, FEkK
ARV EEE, SHEEKRE (BEBENR TOC-
5000) K LV EBIKZEE LTERLIZ. BENIHRIMUK
HAHALAME S HIO & OREFEHRICEE T 2 BRI
amgEn» > REREZEH L, ZOf2REFHERO pH
fEizxLc7Tay b U, BEMRE (Fig. 1) 207
K, (2) & (26) 2V T HIO » 5 OAREBIUESR
BT o120, WEhOLEYH pH 7 LLEDOKBERAIC
FEHICEN X . HIO KRE LI tEMB iRz
ZSTIREEINTVS I END o1

3 MREEBER

31 HNEXIIEHOOC- H) OHELBRAEE
DzHE

itet1, 2,3 4 5 3VThLERESZLT
HOOC- #D» 2B 5B BHEANVEVBTH- T,
SFHO HOOC- BEDOXUIINEIC 1, 2, 3, 3, 4 HTH
5. &2 DOLEMOWREIR% Fig. 1(a) CER TR L
tz. FHIC HOOC- % 1 HET 5 1 ORERE
pH 7 {HiECHER L > 1B THH», pH DET &
EHICHA LAY, pH 5~4 OITRBUCER LT,
HIO OEMRHSIAE 5 ERID pH 3.5 TId 60% ICET
5. X, ZOWREME» S pH,yp B (BERD 50% &
5% pHE) EUT 40 2HAMB I ENTE 5.
HIO OFHER2 %< 35 &, NI TIRERIIH
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Fig. 1 Systematic comparison of the adsorption behaviors of 34 kinds of organic materials
cited as (1)~ (34) in the text

The adsorption curves were measured under the uniform conditions: concentration of an
organic material in each 40-ml sample solution=0.1 mM; amount of HIO used for each=4
mg as iron; shaking time for the samples to attain adsorption equilibrium at an ambient
temperature=5 h. The broken line is the adsorption curve for benzoic acid (1), which was
taken as a reference. The curves for materials (26) and (27) are not given because they
showed little tendency to be adsorbed in the pH range examined.
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X4 50T, 1 OFHEMHE HIO 2B/ LITE
S TEBENICTAREE 85, UTOERTE, Z0LEY
DOWEMIGE EEITRY, ChESBRLESLE(LEY
DOWEMDOBRIEAHT D EICTH. TROLHEEOR
EMfRICHAT, FREVEV pH HBIC B R
HrhaHE, -7 pHp>40 &8 554, €01t
EY13 HIO IK & > THRAIZTHBEI NS SHEL
1z,

SFRIZ 2 HO HOOC- #£2HT 5 2 1, k<
HIO WREI N5, FIZRT &5, 2 ORAEHEIE
1 1I2HAT pH OFEWEBICH» > T 3 pH 2= b
BE#L, pH,»,=68 TH 5. 5 THICHEED HOOC-
BEAETALAWICH LT HIO X3RN 2 BB mER
L5,

Fig. 1(b) 1&, HEBRIY INVK VK 2, 6, T 2R
T, HOOC- RO BHRNBONREEI O HERTH
b, COEEOBICEIN > ERITEOVD, FLHER
T5E, HSFARD 2ED HOOC- EH AT & 5 0N/
SMITHDH 6 &7 TCHREHMBILEIET—HL
pHy/»;=62 252 5D LT, 4V MLO 2 132%
BOIREY (pH,,=68) #TRULTWA. X, 2 DL
K& 1251 T HOOG- #D—7 % HOOCCH,- #ITE
Xz nL 8 L1250, ZOMEFEOREMBREI T
%. HFAHT HOOC- BAEWIEEL TV AEA (2
L8, BN TWAERS (6 & 7) ichk~T, K&E
MR T HERRPFEND &I 5.

EEBEANEYBICET S PRoERIIITEOEE
SR A VAR Y BICHLEATE B, Fig. 1(c) BZDZ
EHERTHDOTHH-T, SEEDOY H VKV 18,
19, 20 OWEMMBEENR TV S, HEMIRT LIICZ
h5=%0 pHyy BZNEN 6.7, 6.1, 6.7 TH-T,
nWFhd HIO I IRFEINB T E, MAT, 2D
HOOC- E» Y 28 (18) bW b7 v A% (19) &
DEIBJEINSLE, DF 0 2 HD HOOC- EAZE
RIRIIC K DFEEEL D 5 &5 s EPREZRAICT S Z
EnHm A, ALE 20 ORBEMEL 19 (F T ¥ A
M) £ 18 (VAR offifgicERs &S, HU
FRCHHEERD.

3.2 XBME (HO- &) O%ER

SHFAIC HOOC- H &84T HO- #EHFBAINS
CHEIIE LKL B. X, HO- BOBERMNELE
b, Fig. 1(d) ¥, HOOC- #% 1 BEH T 255
BALEmOA VN, A5, TNOZNENIC HO- &
EBALIGEOREHMRZERLIZBDTH L.
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HO- ##2 &% 5 0iEA (1) OBE’IBRS pH /=40
THHDIK LT, A I (10) B VIE ST (11)
2 HO- A X W5 &, W H{BHE 2 h T pH,jp=
59 L85, ZOPRIEA N ML (9) ® HO- ETHEIZ
BEINT, pH,\)p=72 L7125,

B OEMILIEHE A VAR VBT HRO 5B, Fig.
1(e) 3ZDHERTHB. HO- BHHAXATHEY
33 T pH,,=4.7 £ 5D LT, HO- HEHHAX
hiz 23 & 24 TIENFN pHy =60 KU 56 &7
0, HOOC- ¥ & HO- E %€ R >{LE&¥WH HIO i
BRICRES B EANRBICRLTVS. YANVKVER
20 & 21 OB LREETH > T, FIHED pHyp=6.7 I
HO- #IZ &> THED pH, =74 ~E 5. —KNIKE
-7, HOOC- #IZHEL T HO- EFEAZIN S &,
pHy, WEE 1pH 2=y KT 5. X, 3O
HOOC- ¥ <& 1 0 OH- &% ff 4 £ > 22 {Fig. 1
(e)} &, 21 IHAT pHyyp #8IC 1 pH 2= 9 MEK
9 5.

HERE LT HO- Z20( 263 5HKLEY OB
X)) % HIO IZIRFE X 477 Yokoi H DHFFEALER' & HE
¥ 5 &EHFHIZ HOOC- # & HO- Hz2 e HFo(LE
¥ (e Fux YA LEVEE) ORENFBL> TRV &
D 5. HELENBREZB L ITIEE > TV,
ZOERZIE HIO ZAVWTERLAM 2 BREHET 55
WESCRHAINTEOLDTHS.

3.3 73I/E (H;N-#) O»R

H,N- EDSEEBRHINVAVBICEAINTS, Z0%
BEHEMEWV. $2D5 Fig. 1() &, 1ITHLT
H,N- Ea54 LV b (12), x4 (18), /S74L (14)iIcH
AXNIZBEOREMBE LD TH B0, KITR
¥ &3 I ZEOREMBRISEEIENL, BERE pH
4 AT 50% ISES V%, ChARSfEE LT pH
DETEEBIZTEEYT 5. 12, 138, 14 ORER#E % pH
505 42> THET B EENEN pH,/e=5.0,
49, 46 PKF B, ChETIKHRLULTE L ZDOMDERE
REOBEERBIC, HN- BS54V MLUCEASNS S
FOHBEBKE L DD, FhTHZOHRIITEHR
¥ 1pH 1=y I BESEHIBREDONIBHDTH
5.

JERFE N VAR vV BRIZ H.N- B2 BAT 5L ZDORR
B UARE R TS LD ICENS. HN- BAF2S
W33 [T ot vBOREMES Fig. 1(h) 2B} 13
pH,p=4.7 #5250 LT, ZOILFEEIC HN-
BN af (26: a-TI=V) BBOIE BN (27: B-T
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FZV)IBAIhDE, BERFZIIEAERDHN
72 7%, Davis & Leckie I DI BT I/ BED
HIO "DORERZOPROFTRDTHBY, 73 /8
TR S N5 zwitterion & HIO WEICH T O IEHETIE
BNERLLTVAEY, ZHESEIFEEDOIEZ2HDHTD
AT, ZOBDT I/ BORERHEICXL T, HIO %
B cHW 5 &Y HIO IZ Cu(OH), ¥ Bi(OH); D
EUIKBIEYMPBENIBRERE RS EERRLTL
2 16)17)

—H, BHEY VAV 20 3RO &S IC
pH,/»=6.7 {Fig. 1(f)} TH B, THIZ HN- Z%E
AUT: 25 TId pH,p=6.2 &7 5. H,N- B k- T
L&Y OB TS NE2, FhTHHTFHIC 2@
D HOOC- #%2F3 51L& (BT I /B 3,
HIO K L2 BERENEETH B ENoh 5.

3.4 /00X (C1- &) OHE

Fig. 1, g BWIEERIC Cl- EPBEA SN HEOHE
THH. AL Cl- BB ASE (15), HIO ~D
TEE 1 L0HEL 20, ZOEYMORERE TER
EARAlgeL 5%, 24 (16) &/%7 (17) @ Cl- Ei3iF
EAERMN L, ZhsDRBEHEIT 1 OREdhig
LELB. :

BRI VK VB 32 (CH;COOH) O X F LT
Cl- &z, 2, 3EEATS&, Fig. 1(g) KHEL
fe k51, 28 (pH,/,=4.0), 29 ([E 3.5), 30 ([7 3.5)
LB, DWTNODBFAILE Cl- HROFELEIX HIO ~DE
EERIHTHE0IERAL, Uhrb 0BT Cl- &
DHEEHIZML 8D, Cl- 26T HHRLEYOMH
ENARETHENWIENTFRANS.

3¢5 EMERANECBICE T ZRBHODHE

Fig. 1(h) i%, 4 BMOEHKEE / H VAV 31~34
EBATREFHOE ST L5 REMBOLA % T4
RBThHDH. Thickd&, TVREVEORERHN 0 & 1
BOBEXIEAEEDLLRNVD, 3hs 7THICKEE
WEPARICED L BHRIEND. Zhod 4 &
DILEYORE ZHBEL T pH 7 0FE» A 0, pH
5~4 D TRKDODEERZRUIE, FOBEHITT
B3 5. &4 DOBREMBZ pH OEVEF S ICEDP - T
SMEU T pHy HZSK®D 5 &, REBUTIS U T 4.4 (31
& 32), 47(33), 53(34) 15, ThsiEnTh
b, BEEICRA 1 ORFE (pH,/,=4.0) % EE]->TWV
T, HIO I L5 FIHBRENSAIRETH B EEX T L.

W, #21b, Bl KEE(ESR(IIT) IS & 2 A VAR VEEN O 7 OER LA O Rt 969

pH,,
© = N W H O O N O O O

7 8 9 10

Fig. 2 Relationship between the pH,/, value,
which is the pH where 50% adsorption occurs and
can be read off the corresponding adsorption curve
(Fig. 1), and the pK, value for the dissociation of
the HOOC:-residue in the organic material inspected

The pH,/, values evaluated by extrapolating the
adsorption curves are indicated by shaded circles.

3.6 HOOC- ENMBER & pH,/, EOHEMICD
WwT

INETOFERCTEWY LT 34 BOFRLEYHOH
T3REDLON HIO KWREMZRL, &4 0KkEH
o5 pHyyy HEZZAB - 12, ZhHDffHIE, 201t
AW HIO THRBHE SN A0 EI D EYET 120
OEHLSHETH 5.

Fig. 2 1, 32 £ pH,/, % Z D{LAHD HOOC-
ROMMBHEER (HEMEO HOOC- &g Ehs & x
I, £ DOE—BREEER pK,) I LTTay Utz
bDTHB. LR UIzkHIZ, HOOC- HIFELT
Cl- BEDPHFAET 585415, 28,29, 30) IZIZBY» TR
EOHMBMEI Y, XWiZ, HO- ErSEET 284
(9,21, 22, 23, 24) IZIXLEDRENFZ 5745, ZDfth
DBEIRRITRT &5 2 FoHIs (8,20) 13dH 3
23, pHyjy & pK, ORIC pH,/s= —pKg,+9 DBIRA
ELEYICRO L > T WA, REMEICEI T 23R 1315
T2 WA, Fig. 2 1RO 2RI 2 BHEFRE b &I
THL, EHTLHARIEEDO pK, flih 52 DILEW
D pH,/, % RBEH 5 2 ENHREE 5. HIO IC L5
THRBHEEORS %2 TR 55 2T, RN
Ruiahis®x s,
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Y

Systematic comparison of adsorption behaviors of carboxylates and their ana-
logues onto hydrous iron(III) oxide. Toshitaka Hori, Yuko SuciyaMa™® and Masahito
SucryamMa®® (* Graduate School of Human and Environmental Studies, Kyoto University,
Yoshidakonoe-cho, Sakyo-ku, Kyoto 606-01; o Department of Natural Environment Sci-
ences, Faculty of Integrated Human Studies, Kyoto University, Yoshidanihonmatsu-cho,
Sakyo-ku, Kyoto 606-01)

To develop a preconcentration method for organic traces occurring and circulating in
natural waters, the usefulness of hydrous iron oxide (HIO) as an adsorbent was examined
by measuring the percent adsorption of 34 carboxylates and their analogues (spiked to 0.1
mM concentration in a 40 ml-sample solution) onto HIO (a constant amount of 4 mg as
iron) as a function of the pH of the solution. The adsorption characteristics were discus-
sed in reference to the chemical formulae of the organic molecules tested. (1) Those
molecules with more than two HOOC-residues are adsorbed quantitatively onto HIO
from solutions with pH 4.0~5.5. (2) The presence of a HO-residue with the HOOC-
residue facilitated the adsorption, but that of a Cl-residue suppressed the adsorption. (3)
The effect of the HO- or Cl-residue was enhanced when it was located adjacent to the
HOOC-residue in the molecule. (4) The HyN-residue on aromatic rings had little effect
on the adsorption, but that on alkyl chains suppressed the adsorption. (5) As a whole,
the pH,/, values, read off the respective adsorption curves as the pH where 50% adsorp-
tion occurred, were inversely proportional to the pK, values for the dissociation of the
HOOC-residue. According to these empirically obtained rules, the success of adsorption

preconcentration of a family of organic materials by HIO can be anticipated.
: (Received June 21, 1994)
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