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AB10 DB EEKY O IE HPLC TfTW, H 7 Ak
Develosil ODS-5, SE#EKEAkZ o< b7 F 7 3RFEEL
$4 PLC-10 Z W7z,

23 FUBEDAR

HEE/)7VERZ FhEhEBRIEUCTHEE
BT IVEYT MR, HBIKHy T v 734
TER U, ZDEBRY% Nettleton H DFHEDIZHE -
T, WBAKBKRY STEBR I TREL, SR L
1z,

2.4 # fF

2¢4°1 HEET/FJ/BELAVIEFRRE LG
FoBEMIZ, 355, BF, BBILKREECER
50ml % 100ml ¥— A —i2& 0, EREMEIREEL» SR
THTHEEYE, 30°CEBE L. COBRET 21—
TR T CHRE 2.5ml/min &85 X)) IR Z@E U
CTHEE XY, #X0HEE 10mm/min TLI—5 —IF
BLTR—RAF4 VORELIIEZHERLI.. ZhiZ
HEER (BHw7uRy b)) ZRHOTEEREDOKE
ftF R ABK 2ml ZEINL, BRET VA IS
LTEESBEIE, J0EEORNEORBELE L
a—F IR E. JOREKE» 5 RICELE 1
SBOWNE A, 6 DBEOBNE As ZH A0, TOD
O In(A4,/4s) ZKDTz.

2042 p-OH ICLBANILMDFER  p-OH IZ &
%350 FOSFEEE, 60ng IFO SV b eEl
SREHIT, 3.5X107*M p-OH B 5ml, 0.1 M 5 4
O VK 1.5ml, 0.18 M Na,CO5;-0.02 M NaHCO; #%
&M (pH 10.5) 10ml Zi0%, £ @ pH %KE{LT
FY Y AROEBCHBU %, ERICS0m &L
fr. ORI ELEOHEREFRREICR Y TR ERL
TREBX ¢, HE 600nm KB B2BAEOLE % FF-
T, 6.2% BEELAKEER 2ml ZRMT S &I E-
cwEEBEI T, ThUEE 241 ORIEEFR
THb.
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3e1 /5L FRUBMIEKTEICELS ABL0 BBELE
RYDOHTE

BEMANICBNT, $<OMBRIEHSHAVONTS
0, MEKED A A= X LOMFHIE, B UOMERISD
BRCEICERESREOWRICEVERTHS. TV
BEOHH L EMATREORITO LB, Z08B%K
DBBAHN X LERHREEN, BYET Ta—FO
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Fig. 1 HPLGC chromatograms of ABI0 and its
color-fading products with cobalt

Color-fading conditions AB10: 1.5X10™*
M; Co: 30 ppb; HyO,:0.2%; pH 12; Tem-
perature : 30°C; Standing time: (a) Oh, (b) 5
h, (c) 4d, (d) 6d. HPLC conditions
Column : Develosil ODS-5 (4.6 mmi.d. X 15cm);
Mobile phase: methanol-water (40 : 60, v/v);
Flow rate:1ml/min; Detection: UV 280 nm;
Injection volume : 80 pl

—DOTHBH. 2T, £9 ABI0 ZHNTIaANVE,
WBEILAFI & 2 BREERYZHR L, £O0REOHKEZ
HETE L 72,

AB10 1.5X107*M #% 2/%)U b 30 ppb, BEE{LAKZR
0.2%, pH12, 30°C D&HTREIE, ZOBEKE
HPLC TH#f L7z, 7u~< b& 5 A% Fig. 1 ITRY.
AB10 R UBBLKR SRFEOKBEIICHBRL, B
LTWBZEDHLLTHA. RDDIZT =/ —VRT
pmba7 /) VOEBRPBERINI. INDHIE,
ABI0 D=2 DT VENSBEEL, ZhEITKERES K
BLrEOLEYTH S, —HBREILKFRIEINNVELE
RiGLTe FaxyvsIhv, 503E pH IS
THEETH e Fa Nt F I N7 =4 VY OFRICKY,
L RaRVAF YNNI IINEERTHEBHMONT
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NH; O NH, O-
2-0H
Do O 22 O S RO
NH, O- NH, OH
. 204 HO OH
m~—(bN~<::>FOH+Hoa<::>—+ZN N 200 + 2N
» S05- SO;H SOzH
Reaction scheme 1
VB3 axNpurHsn BB EKEDE L 5 HHFEE
Le<TH ABIO lBEBEL BNV Eh s, ZhbD T 1.0

VAN ABIO DT VEE KB, S LT ABIO %58
B3d, REREICE FOX v v anoa L7 «
J=l, pZ MU T2 ) NEEXLDEFEIA
. I-TIYNTV2F 7 b= NVREHONBED A H =
ZALWBESNTBEYY, RBESCOBAICIE—&
VMR, ABIO OBAITIRE FOUF Y LIV ANH B0
BWe FaXVAXFINTIANENIEESEH, &5
LLEEBEFUHOKRBETHL &5, ABI0O DEED
AF—AVIRIEREDA DAL EEZZTELTRR
WHOEBbhd. X, BFIFE»HKEE, FUTHE
RENCEEEBITEILTHDT, ABIO D207 VED
2B, WENL—HBRIKREZICHRL, HRO
BHATE/ TVERPERLTOEEHEESINS. X,
TVEDGRIZEO T VESBRIIN, L LTREL, H
BRER T VEDORE LTV 2- RO 7-RLIC/KEER D
RBELUIMLEMPER T A EFRINSED, &2 TRk
BTEILD T,

3«2 NN PRUEABUEAECELZIHBE/ 7Y
BEDBEY

31 DIBBEXANZXLDWEICLDE, e FuFI
TIVANVEBEBTFHORBRETH S0 T, RE-BHEL
D rnBYEEPEL L AEELB >BEIES YN
DOHEZZFRTL, > TBARERBIIASX< LY, &
DERESEMANAEE B EEL NS, DL
EWELPICT 2120, RE-EZLD » EBTFHE % RN
SHBEEXONDETHGER, FICETFEE %KD
SHBEEXAONDERGIEZEA L -/ s H BT/
TV% (Table 1) 28K L, &4 DGEDEEYE
M ANTL. ZDMER A Table | IR 3. Table 1 @ In
(4)/4) DfEIE, pHEZELX 4 TEIEEITV, KRG
TEHEOLNIZBRAEZTRLTVS, EBEREAL VS OES
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Fig. 2 Relationship between the log(kx/ky) and
the Hammett ¢ constants of substituent
groups

Each dye:5X107°>M; Co: 30 ppb; H0O,:
0.25% ; pH: 10.0~10.3; Temperature : 30°C

FoaRIzoBHREFBELEETIHNESHY, &
NEVENMEZE DL DIEIOEEINSOMELN S 5.
NIBERKIEDERIEZEA U rBEL BEIDENE

ZINT D, A S BEHRKIIKBEZ RO CIEBRAEF
BED», XRREMHolmIER LT WS,

Z C T Hammett ODB#RETEK o'V L OBEHEE
EDBFERN, MERE Fig. 2 IURT. ke IEHREE
ROBRORIGORBY ORISEETEH, by IEHRE
DPEVERORKIGORBIORIGEEERTH 5. p-
NO, 2R\ TS, log(kx/ky) & o DRICHEBEMLR 5
N, r=—08 ThH-1. p (RIGEH)=—1.1Td
0, ehasn (BFHEEIEV) Bz EBEr
RET BHEAN S VL EL ST, D&
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NI PaERZEALLBRIIOVTE, BlED
B 54N, BOBEERARLLZ. 0= FaEOE
ViR, BMOEBETRIIEICE>T, XY EVRAIR
FLTVEZ RN _EEAEEE L, RE-2RLE

BRI & > THET 5RR-T7 VER LOBTHEED
BEEERDSEERBRLTBY, FOHEEZIRFL

Table 1 H acid monoazo compounds and their re-
lative analytical sensitivity

NH, OH D BFEENSEL BB LD THBEBASNG'?.
N=N-R Dto HEE/ 7/ aEORGEORELH, TV
SO.Na SOuNa e OEMATRE LRS- 7 VER LOBTERE %

Eins w588, I5bbBEREVRE-TVERLD
EPEEABINXEAMBICEAINIEE, FUER
ErEMANRESEIND LEXS.

Ane/nm 10 (4,/46) (pH)

—@ H 528

R (symbolized as)

0.0823(10.0)

3.3 p-OH % A\ /=700 M OBEIMF GO
2.46% (12.5)

-QOH -OH 548
598"

Pl EOREHERD 5, p-OH IZE 5 I/50 FOOHH
BICERETHLLETFHEINSEDT, KRIZ p-OH %

OH Wiz 3,0 ~ ORE S BRET U 72,
m-OH 530 0.297 (12.5) 3¢3+1 /%)L P RUBR{EKFTICE S p-OH DB
C) . s N
538 &  p-OH EI/50 b, BELAEOHFICLY T L
HVHETEREL, FrHrEEICES. ZOBRPNANRY
OCH; p-OCHj 547 0.234 ( 9.0) MU % Fig. 3 IR, pH 10.6 IZHB VT Id 600 nm IZH
OCH, W BRIPGRE L, 59T 50%, 30 53T 85% WAL T
. B BaeT - % 73
m-OCH, 539 0.0285( 8.7) % ‘ﬂwtm%%ﬂ@ SATH, p-OH R4 IRET
BH, FOREEFEFEITNEL, 60 FOBET HHRIN
_ BEIL10% BEULIBALah oo, —RICEBEZ
@cm p-CH; 540 0.121 ( 8.6)
CHj
@ m-CHj 532 0.0497( 8.6) L2
@COOH p-COOH 536 0.120 (12.4)
COOH v 0.8
@ m-COOH 530 0.104 (11.5) g
—
Qo
2
<
@SoaH p-SOH 528 0.174 (11.3) 0.4
SOzH
@ m-SO;H 526 0.0747(10.0) ®
0
. 400 500 600
@-No2 p-NO, 542 0.188 (10.3) Wavelength/nm
NO, Fig. 3 Absorption spectra of p-OH at various
«@ m-NO, 524 0.0449( 8.5) standing time :
p-OH : 3.5X107° M; Tiron: 2X107 2 M;

a) Concentration of dye : 5X107°M, pH4~7. b)
pH 12.5. ¢) pH 11. d) Maximum values at optimum
pH. Color-fading conditions : 5X 107°M dye, 30

ppb Co, 0.25% H,0,. ¢) 3 ppb Co

H,0,:0.25%; pH 10.6; Temperature: 23°C.
(a), (b): cobalt blank; (c)~(g):p-OH solu-
tion in the presence of 2ppb Co; Standing
time: (a) 1 min, (b) 60 min, (c) 2min, (d) 5
min, (e¢) 15 min, (f) 30 min, (g) 60 min
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Fig. 4 Effect of Tiron on the color-fading of p-OH
with cobalt

p-OH:3.5X107°M; Co: 2 ppb; HyO,:0.25% ;
pH 10.4; Temperature : 30°C

BRI IE, FhES L RLE CHILREESY S
ZENEL, BE»ORBESRIBEIBEANHS.
p-OH BNV MU TREEL L, LrbREAZ I
HEBRLET, RIFsEMOTREEEZ 5N 5.

332 EMLANEE EHHEERECOEE
WIS HEZ G200, EMRICORE 2L < #
Méﬁéﬁm%%og®f&é,%@%ﬂ@ﬁ&@&:
HEITHRORETH 5715, HHEA 4 EBERT L
BOBRMFPHAVLNTVSY, AT I3 EM(LH
EUTarw hoEmMAImick<HOshTWVE T {1
YEMWAZELITL, ZOREERE L. Fig. 4 IR
Uz kDI, 4 avidEEilé LThBEsH 0, K
MRTBERAORICEEDE SN S 3X1073M 2H
BT EITUT.

3+3+3 pH OYE  p-OH OBEIZRKIFT pH O
FEEZRE UIER%E Fig. 5 KARYT. pH10.5 KU 12
HETREEEDHEAVRSNS. pHI12 DFEDIES
PBREEEIIKESBEEIRVWEEZEZ SN ED5, FE#IC
pH OB ZZ I3 . pH 12 T3 BAT 5 EH AWK
ERVWESTIEETE P o2, pH105 Tid, pH 12
IHEB U CRRE LS 505, pH AL, BEARK
ZHRMUT pH OEEHAE/NSIL 5 ENARETH
. o T, KETIEBHARKIZ 0.18 M Nay,C03-0.02
‘M NaHCO; SEHAMW 10ml 25U, pH % 10.5 123
ByslicUl. B8, BBLAEFEELZ TN
E, p-OH 13 pH 10.5 T/ hASETFE L ¢ b BITE RS
M (10 53) TiEL<BBLE» T,

334 ZTOMDRADKRET BBILKRRE 0.1

pH

Effect of pH on the color-fading of p-OH
with cobalt

Tiron: 1X107* M. See Fig. 4 for other con-
ditions.

Fig. 5

% ETIRBEOBMINE FHITGERERE L ABITHEML 72
s, EhLlEDORE TILRERE 3R 4 IC8ENT 5 Hm
BRoNZ. UL, 0.3% LLETIBRLKEDSR
KL ORET BBEDHDR—25 4 v HEN, BED
RRES 2, 2 CTRBBEILKROBES 025% &35
&L, p-OH BEIZSWVTIE, BESEMY 5
KONKICHBE IR T 5EEX6N5E. 2010, -
OH BEWEWIH» BNEF UL, AT cRIBHEOR
ERTRERIBAA (BEE 1.8 LIT) THWAZEDTE 3
BEOD p-OH BE 3.5X10°M 2HWVB LT U,
X, Fig. 3 DBIRARYT f b, BIEFEIL p-OH
% pH 10.5 IZ B WV TRARBINEE 2> 600 nm & U
fo. BEOEFIEVKIGEE S WRIGEE K <
BN, BETIYV FI—LLRTL 30°C ZHANSE

ol N Y A

3.4 REBRRUCHRM

Dl EOBRBEAIEFG T CREREZERLIZE S, O
NIV NERE 025 1.2ppb TRIFZ BRBEFESEL
7z (Fig. 6). BB IE /50 MEE 0.6, 1.0, 2.0 ppb 2
XU, ENZENENEERE 7.0,69,47% (n=7) &
50, BREHROBE L &P (1.2~2.0ppb) THLEH
MR T, EE&FFETH - 1.

ZDEIIT p-OH IZ &5 5V FDFEEIL, ABIO %
MuashEsy 25 SEEERRNEL, 3.2 TR
RIEDEEHESIIC L 0 7 VREIKICE T 5 35 h OB
R SRR DORHDVARETH B EEZHNS.
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0 1 2 3 4
Concentration of cobalt, ppb

Fig. 6 Calibration curve for cobalt determination

Tiron: 3X1073M; pH 10.5. See Fig. 4 for
other conditions.

3¢5 HERROTE
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Synthesis of monoazo derivatives of 1-amino-8-
naphthol-3,6-disulfonic acid as new reagents for cat-
alytic analysis of cobalt and the effect of substituted
groups on their analytical sensitivity. Kunihiro
Watanase, Akane Tsutsumt and Nobuyuki Koura (Facul-
ty of Science and Technology, Science University of
Tokyo, 2641, Yamazaki, Noda-shi, Chiba 278)

In order to develop new reagents for catalytic analysis
of cobalt, monoazo derivatives of l-amino-8-naphthol-3,
6-disulfonic acid having electron-attractive or -donative
groups were synthesized. Relationship between the
structure of dyes and sensitivity for the catalytic analysis
of cobalt was investigated. By following the Hammett’s
law, the fading rate of almost all of the examined dyes
was accelerated by substitution of electron-donative
groups in the dyes. The dyes having electron-donative
groups were useful as the sensitive reagents for the cat-
alytic analysis of cobalt. Further, the optimum condi-
tions were investigated for the determination of cobalt
with the most sensitive reagent, l1-amino-8-hydroxy-7-(p-
hydroxyphenylazo)-3,6-naphthalenedisulfonic  acid (p-
OH) among the examined dyes. The procedure was as
follows : Take a sample solution containing less than 60
ng of Co (II), add 1.5 ml of 0.1 M Tiron solution and 5
ml of 3.5X 10”* M dye solution, and dilute the solution
with water to a 50 ml after adjusting pH to 10.5. Then,
circulate the solution through a flow cell in order to de-
termine the absorbance with tube pump (flow rate: 2.5
ml/min). Add 2ml of hydrogen peroxide solution
(6.2%). Read the values (4,, A¢) of absorbance after 1
min and 6 min, respectively. A ‘calibration curve was
constructed by relationship between In(A4,/As) and the
concentration of cobalt. The values of In(A,/As) were
nearly proportional up to 1.2 ppb of cobalt, and the rela-
tive standard deviation was 6.9% (n=7) at 1ppb of
cobalt.

(Received December 28, 1989)

Keyword phrases
H acid monoazo compounds; catalytic analysis of Co
(II); 1-amino-8-hydroxy-7-(p-hydroxyphenylazo)-3,6-
naphthalenedisulfonic acid.
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