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EERRICE Y 2 RIGEEZ2RIH U 28(11) RO OSBRSS TEREELTOD T I —
WEBEEKIZOWTRRE U7, #(10) ORI UIEEER 2R F L — Mo S & LT, #&(I11)
TR U CEIRNICEEEARZERT 5 2 &, BNBEFEFERICBELZEL, ¥/ 1 FESOERLE

BETHAHIENPHLPITE -T2,

BR(IL) 19 2 4 7 2 — VEBEERDORILIEES R & BRILFHICH

U, BTFRSIMEAATAHAREBITOHAEE U THEETHEENE L, (1) 1T 2BLIEED
BHPEZELVWIEEBLNIILE. TYVERED 34V FUF Y TRV LY 42K VBT M) T A
(DABS) ROk K3V LEHMD 34-V Fux ¥y Ry X7 VT K77 =k K5V (DBGH)
BED -V FuF I EBHRILAMH () SBRHCEEaEEEZERL, RRICE(I) OBLZE

T HEEHEEZRLU 2.

2:(111) $EK D T VBB EIE 2.59X10* (DABS £), 4.17X10*1 mol !

cm” ! (DBGH %) Th 0, $(11) KU OERELHONEEBREE L TRHTE .

1 # =l

AR, BLREOR 2 2{LFEOSNERICEET 5ah
EHIEE > TV A, BK(II) RO OFRKFER
BEELTWE, F—307 5740, KT ik
D=, A xvraw b I574-3, Ju—4 I
7y avai) T E, BELOREVH L. EED
13, RIS EESEROEREEIC B BRI EE %R H Y
H(I1) BT OHRIRe s LT, AT
I-NVFEEEKOI ATy (1,2-V e FadyRy ¥ .
3,5-VANEKVEEF P v L) ZRHHVWAEFEZHREL
1200 g4 a v kg () SR EaEkEERT 5
P, FEIRFIC#(I1) OBbAZE U< (EET2HZ 2RV
12U, T A1) S5 DRI EAL % RN I
TS 2N RIEEEZRL U, X, ARHAKOBE 5
pH K OCBE 7 — & OO A2 REE LW l5
SERE (FRNEREER)'Y, )T 2=y
FRteFOO AT IV fF Ly b (PV) ZHND
REREERE, SRABFOL 111 ORESH
B2 O0THELE. Ths0—HOHRIZE W
T, HEFEEYOD -V b Fux v Eifid, $(I11)-
(11 RICH U THTER R OB LI HE O # & HEEE % 7R

MR LAY E TR 992 LB R OKIR i
4-3-16

TEBWHSEPITE ST,

KR TIE, AT I VHFEROESBEERE L LT
DOREZHLMIZT 120, VEREEEZBESILENE
R HEEL, $(11) OB ZFd FEM L EER
Te®E L., X, TVREHR 34-Ye Fudxy 7y
Ny EYA-2VA YT b YA, DABS) ROk K7
VURHME B34-Ve FuFr yRNU AT LT RIST =
Vb F5V' Y, DBGH) IZ & % &R M DEJREMEIC
DNTHRETU 72,

2 % B

21 B %

$R(IT) ZHERIR (1000 ppm) : FREEEL(IT) T v E=
LK Z TS (0.18 mol dm ™ 3) ITIAE L 12,

PR(IIT) AR (1000 ppm) : BRBEEE(IID) 7 & =
T A A KN 2T (0.18 mol dm™?) TSR L
1z,

FERRIG B E AR (0.2 moldm ™ 3): FEEE, BERES bV
T AKOFRBEUTHO.

AT A=, 34-YVE FOF 37 2 Z VEERE, 4-2AF
NWAHTIA—=), 3-A XTI hT7Fa—), ¥Yulao— Lk
UF 40 VAR (0.1 moldm™3): {RIEE KICIEMRL
THHBL 7.

23-Vbe Fux v LEEE, 34-Vke Fux v EE
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i, h7z24AVEE, 4= +buhT3-NVRVP34-V LR
OF vy Ry X7 N7 RIEK (0.1 moldm *): &&3E
CRIY - VIEH (50%) ICHERRL CEBLL 12
pL-3-(34-Yb FOF T 72 WV)T 7=V RO pL-/
V7 FLF+ ) vEEK (0.1moldm™3): Migd3kAE zhZ
105 XU 0.2 mol dm ™ ° FRERICIAMR U CHRABLL 72,

DABS B (1X107% mol dm™?): DABS % /KIZ AR
U, BEFTICHRTE L 72. DABS I355H8 & 0 /"I hE
WV, ANT VBT N AR I T LUK, BT
A—WEDH Yy T VT EOERLU .

DBGH ¥ (1X107%mol dm™%): DBGH % 7KIZIA
i L, REFTICERTE L 72. DBGH & Kavlentis O f5 5™
D, EENVD 3,4-J FuF YRV ATNHTE N
EWBET I ) ST 2V VDAL O AR LT,

BB OB WA & v okzEFEH U

2.2 & B

W DRE I IEASL 228 Y TV ¥ — L5
FTROHN 139 WS NOCER 2 V. BREA (7
KN 7y ZHE MTV-3 BUERM) CRIE U - EER
57— %1k, AARESR PC-9801 /S—VF+ Iy a—
S ERMGERALUCHT Uz, $427) v 7 RVE RS T 41
Princeton Applied Research 174A BIR— 50757 4 v
7T+ 54RO KPS-7908 BUIKR TV ¥ ¥ VA F v
F—IZ k> THIFE LK. ESR A7 b VORIEICIEH
A®E T JEOL-JES-FE3X # X /3> N ESR A7 tbn1
A—F—% AW, pH ZHEBERK HM-26S B pH
A—F—ZHOTRIEL.

23 KRIRME

2:3+1 MEETHOBZE  02moldm™® B & IHE
BEERKEE S 0.1 moldm ™ * # 7 I — VEFHEIAARK 5 ml
WWAKEMAT 48ml & Uiz, 25°C OERMEICH 20
SEE L 72, 5X10 " moldm ™2 #k(11) B 2 ml 2R
mu, WAREICE T SBNEORKETORE %17
WV, FEREER (k) ZR®7z (pH5.2~5.3, 25°C).
2+3+2 BRILZEMRE

WA 7Yy RN YA Y= F T T VRS
#w (1X10 3 moldm™?) 2EEFM (25°C) KHBNT
BEELRULE, 77y y—A—AKv ({EHER), &]-
LR (BHEER) ROESHER k) 20 THl
E LT
MILBTTEMAE: 77 2 — VEEERER (1X1072
mol dm™?) WEFBR U 2%, pH Z{LicEd 58
P& SR-E (L ERFEAR B O ISR & WL CHEIE U 72,
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2¢3¢3 ESRAIFE H 72— VHEEEKBK (0.1
mol dm *) ICEBOEEIRK (pH10) ZHRMmML, &
BIZBIA 1 5%0DESR Y7+ VvERIEL L.

2+3+4 DABS XU DBGH # AL /#11) RU#%
(II1) ORRNEE

DABS ¥%: BFERIEZEE AW (pH6.0) 20ml, 1X107°
mol dm % DABS /AWK 4ml IC/KZINZ 45ml & L 12
%, WA, XREETH ZRERY S B2 ECHRBIAR
5ml AWMU 72, BRI % RIGBGR & U T 465
nm 125 B BOCEORRREIL % /o FERK % W E U
T 30 WREIBTRIEL, 7T F@hEfr-1". Ao
WINERICH T 2BHAE (4,) KO AR D BEE
(A) &0, ZnENE(I) RULHBOREZHEL
1z,

DBGH ¥:: & B ® (pH5.6) K T 1X107 % mol
dm *DBGH Ak ##h£n 5 RO 10ml & L T,
DABS % & RIS BIERIE (AlERE 345 nm) %Z1T-
7z,

3 MRRUBE

3¢1 o-ZEFOXVEFEFEHRAEEGHICLZ#HUAD D
2 3[R

3elel $(III) ¥L— FOERBRRICLIBLEE
R R HTa-VEEROCZOFEEKOY T S T
T— XA F Ly b E ) oMb EEES S
B, I FNEROZDOFERISEILEEDREZ RS L
N ERE LN BT RO O RIGHE
BEAWEZRAT H7-01013, (1) OBk {EtEd
LB R2EREORRIVEETDH SH. ART I
(II) OREFEEE LTS s —BOAEKLEYICD
VT, S(IT) OBbIcxd 2 {EERR AT L2, 2
DAER, $(11) RO & EEEERE2ERT 5
YANNYTNFO TNy, T/ANNY) T VAT
T ROE7UA NN 704 T 2RV 2ED B-
I NV —tuvy T/ VRO ba Y RAEE
(D) OBEIEHEIZBEE LW EWIHL2ITE -
. —8, AF Y VERO R - TEBTIEE
(11) BLIRERISR Sz, h o OFEERER
mH, g1 ORLICEEERZ2RT ¥ L — FEED
HiEmE LT, (1) 801 o U RN ICEaEE
ZRKRT 5. () RMRFRFEERICEHERKSL, ¥/
A FEEOTERDSTARETH B EFNETHH . Th
5O IR & OBLEICHY, TobbBTRE
DS S ICBfRT B SRR L 12,

3¢1+2 HFIA—IEOBRILENEHE

AT A
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Table 1 Kinetic and electrochemical characteristics 0
of substituted catechols o1
: E,/V
Reagent f%/ 1 Cos. :‘>E=‘ —50F 02
0% agage) R 03\
Catechol {(CA) 1.56% 0.59 L
CA 4-acetic acid 1.00 0.51 0 04
CA 3-carboxylic acid® 2.11 0.56 Ly —100r
4-Methyl-CA 2.14") 0.49
4-(2-NH,-2-COOH )-ethyl-CA 2.83% 0.53 o
(DOPA) 3
4-(1-OH-2-NH,)-ethyl-CA 306"  0.62 —150f
(Noradrenaline) - . !
0 2 4 6 8

3-Methoxy-CA 3.50 0.51 ‘ e
CA 4-carboxylic acid® 4.06” 0.5 ko/1073s
3-Hydroxy-CA 4-39b) 0.53 Fig. 2 Relationship between‘(EPH=0—Ep) and ko
Cf’z 3’5“1‘15“1;0_““3 ;‘C‘d 6.42 0.73 I: CAd-acetic  acid; 2: 4-methyl-CA;  3: 3-
"N (g(a]é)abti{)i(t)lrllenyl—CAa) 6.56 0.50 methoxy-CA; 4: 3-hydroxy-CAj; 5: Tiron
4-Nitro-CA¥ 10.75" 0.64
CA 4-aldehyde? 36.94 0.65

a) measured in an aqueous solution containing 5%
ethanol; b) ref. 12

1 1 J

—1.0 —0.5 0 0.5 1.0
E (vs. Ag-AgCl)/V

Fig. 1 Cyclic voltammogram of 4-methylcatechol

1: pH 3.0; 2: pH 5.8; 3: pH 10.1; Scan rate: 100
mVs !

WVEUZ £ 58k (11) OBILEHEDRZRHAT 5720, —
HOFEZMCEMIT OV TH—DFME T &) Blbo
VEETE (k) ZAIFE LT (Table 1). BTRT IR
HFEAULUN 34-V e Fux YRV AT LT Fidek
(II) OBILICH L TRAKDEEDRZRL, KL T
WG LU 4= buh 5T a— V2T HIER L T &, OfEIE
F3BITEL . HEORRLAEE S BILEILEMD
BRAEBLPIZT B0, Y47 ) vy IRV ET T A

(ZHEMHE 01M K50, KB E 1X107° mol
dm™3) ZEEULR. 4-AF VA Ta—NDY 47y
JRNYET T A% Fig. 1 ITHIRL 2. BV pH BT
e FoXx /) v-+3ix ) v ROBEBITSETFL, B
BAIC Y — 7 Bl s h iz, EBAMO Y — 7 58RE
pH O FRIZH->THAL, LIF/ v-F/ VROB
(LB AEENTH 1. e RaFx/v-v3iF /R
RAFE Tk, LK (pH3) O¥— 7 &N (E,) &#&
(11) ORLERE (k) ORICHEMEIIED oNEh >
1z (Table 1). 5 BOKEM S 73—V (0.01 mol
dm ™%, pH1) DOILEBER-pH tifICHB 1 5B S B
59 mV ThHY, AV A MROEIZEHE UL, St
EIC L0 pH=0 0B 2 BRILEITTEA (Epn—o) 2
HHU, (Egu=o—E,) &k OBffE 7Oy bLIcED
5 BRI EARBIRARAL L 72 (Fig. 2). € pH #HEOD
BT A—=NTIE, —MRIZ -k FOF /v (HQ)-0-t 3
F /v (SQ) PENRLYT 5.

E=E°+0.059 log( [SQ] [H*]/[HQ]) (1)
E° BT AXEBT -7 I1dRY457, (E—E°) OHEEH

GREETH BN, FA 7Y v I RVT A P) —IilE o
THRMU: E, AT 5 LI,

Ep—o— Ep=0.059 log( [SQ]/[HQ]) (2)
DRFANE SN, (En=o—E,) DEIZ HQ & SQ ©
FAELICHIES 5. 202 &IdARABRICRTTHRE

(HQ) THETHEENL VAT E, (1) Ot
XU CTIREDREPHEECH S EB2RLTVAS. Dk
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DOFERIE, BIEARBRICE O CBETFBHECHIC & > T
fbxhizhsa— VD, #(11) DL % RHES
BHENHINETORIGCHERE D ZXRELL. —8SF
J UEIE R LRI A HO A, k(D) @
B LTI R I HEIT L2, 5% DT VA VEEE
R CRE L 72 0 7 0 — VEREIKICEE LT iE, AL
AFMB AN Y A MDORICHDT, (Epn=0—E,) & k
DRI R s MBI RD s s - 1.

3e1+3 #%(II) OB{LEECRITTZEEBTFOLRE
Sk(11) ORLHEEIC R IZTHERTE LT pH, BHR
FE, BE, REHERE, tsirBIohb. X
7 x /- VEOEEBLETEMISETHRSGEREOE
A, HB50VIE pH OHKIZE>TETT 2 &5
NTHWs. (11 OBLEE IATBREEROCEED

Concentration of iron(II) /104 mol dm—3

0 2 4
10}

7

wn

L
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2
% i ' 2

Concentration of Tiron/10~2 mol dm=3

Fig. 3 Effect of Tiron and the iron(Il) concentra-
tion on the rate of iron(II) oxidation

pH 5.3; Temperature 25°C

KAGAKU Vol. 42 (1993)

ERICHEOERT A5, BEREOREICHKE RFF
Utz 831 5035 A0y BEO—TELHGT CHl
FLIky ZHR UL E 25, REFAKBEE TR
EHRTAZENPELPIZA -1 (Fig. 3). 94020
tIX VI IVHINMY, RIGRICES T2 & 3B
WOCHRUT. F2THT I VEEEEKD ESR ¥
F&E pH 10 THIE L 2. £ OER, k(1) ORELiE
HENRBNS LT A VE (AT A NVROAFIVA
FaA—=), A +FIHTFa-NVEE) T, TIINVOD
ARSI, REEIBEINPLTNIEEZRLTO
. —7, BEHROAkEL 34V Fox yRER
B, s4uvissE, BEOKHTIET I HNVOERS
HRTE VY, HEXOBRICE>TT I AND AN
7 MUSHBE L, T & BB S B L 1o Hk D 5
RENVERlx Nz,

32 (1) RUSII) OSRNEREZOSEEL

321 #(IL III)-DABS % 7 VRE&FED DABS
BT RO ANE VBEEA L, PV EERKREZK
ERIEE L TogEE P s Nz, 8(111)-DABS &
KOEEBER O#(II) OBILEEIINT 5 pH O
BERME U, 8R(1IT) OBMLHE W pH E< 251
EHRUN, BAEREZERBL R#E/ZL pH X 6 T
H 1. DABS BEOHEINIIHE - TE(I) OBBLHEE
DKL, BRSBTS OBIERIGE 15 7
BETseRt Uiz, #k(I11) $EROMBKRTEINFERE (465 nm)
BB ELVECERE (6) 13 2.59X10* Tmol ™ em ™!
THY, y4avRcEBRLTH S BSOS ITRENES
Eht. HILEFUL MY AFVT VEZD A
(CTMAC) Z B U 728 (I11) -DABS R Tid, ¢ »*
6.48X10*1mol 'cm ! (540 nm) T THE AL, HEHOD
#k(I11)-PV-CTMAC = TRICHEARTEHWEEZRL
7. REKoH»HHEBEIZ LT H L2, 7 ppm bV
NNVOFK(IT) RO % 3% UNOABRETH

Table 2 Determination of iron(II) and iron{III) in deep groundwater

Iron (I1)/pg ml™'

Iron (I11)/pg ml™"

Sample
No. DBGH method Tiron method® DBGH method Tiron method®
1 10.9 10.9 0.4(0.4)» 0.4(0.4)
2 8.8 8.6 0.3(0.0) 0.1(0.1)
3 , 7.9 7.8 1.4(0.3) 1.3(0.4)
4 1.2 — 0.0(0.0) —

Average of three determinations; a) ref. 10; b) values in parentheses are iron(ITI) associated with suspended

particles.

NI | -El ectronic Library Service



The Japan Society for Analytical

Chemi stry

WX

WIER T X7z, AI(IIL), Ti(IV), Cu(ll) & 0T
WIEOIFERRLI., TIUVI = ADFERES LTH
HNBTVYREBZEDAF LUV EEI) & E2EKG
(pH 5.6, e=4.03X10*1mol ™' em ™', A, =520nm) %
AU, BRSSO OBLAZEEL 7205, S e
LT OBERE IR snEhr- 1.
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Catechol derivatives used for the simultaneous determination of iron(II) and
iron(IIT) by differential kinetic spectrophotometry. Masatoshi Enxpo and Shigeki
Ast (Department of Materials Science and Engineering, Yamagata University, 4-3-16,
Jonan, Yonezawa-shi, Yamagata 992)

The effect of a substituent on the rate of iron(II) oxidation has been investigated for a
series of catechol derivatives, and their use as kinetic-spectrophotometric reagents was
evaluated. In addition to catechols, some spectrophotometric reagents for iron(III)
showed a marked acceleration effect on the oxidation of iron(II). The characteristic fea-
tures of these were found to be: (1) the ligand atoms bind directly to the aromatic ring,
(2) reagents are capable of forming the quinoidal structure in the redox process. The
acceleation effect of catechols for the oxidation of iron(II) increases upon the introduction
of electron-withdrawing groups in the aromatic moiety. Electrochemical studies have
also revealed that the reduced form of o-dihydroxy aromatic compounds plays an impor-
tant role in the acceleration of iron(II) oxidation. Azo and hydrazone derivatives con-
taining the o-dihydroxy group are designed as sensitive kinetic-spectrophotometric re-
agents for the determination of the iron(II) and iron(III) oxidation states.

(Received May 17, 1993)
Keyword phrases

differential-kinetic spectrophotometry; determination of iron(II) and iron(III); o-
dihydroxyaromatic derivatives; redox properties of substituted catechols.
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