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PAN &k : RE-RL¥HEmMBE F—~4%4 + PAN %
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X-100 #6fH L CIA LA L .

EDTA ¥k : BEfR L FRICH RO EDTA % KIZiERR
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ATS5 o s TRIEREETSF V- FETHETRD .

7vE=7% pH E&# : BILk7 vE=v L% AW

LikislkiciR7 ve=7X%mx pPH % 8.8 t L
LOERVWE. BER, Hbkma A+ vitowT 2.0 mol
dm-3 r Lik. 2o pHEFHAGRMEOEAL LDITT
ve=7HREHRL, pH KK TIs0TCHEBEHARL .

R RBEEA : 0.05mol dm-3 FTERF b Y TV A
KIBEIZ VY vBT/XKEF Vv axmz pPHE.8 L
hDERAWE.
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RIGEEREERE © ==4 v RA-401 Bz |
y 7 ¥ 7 —%BL2HAV7-. pH I3 EHE Sk % HM-20B
BpH A~ —, BXE, BARINKEDORE XY Y —
219 MAHONKEFEAVE. BE LA SOEESY —FIC
Ro7e®, =a—~—48 NB-22 REBEEASF > %
AwTKkE2ERSE 25°C & L.

KRV - ARNESFGRCB - K& HE T K
(Fobs) DBISEHERIBREF U TH Y.

3 FEBRRURSR

3.1 PAN &0 4 B UEA RN ®

HETEEF % & LoKBK PRt 3 PAN ko 45
#& pH OBFRC O WTIREERBEN D 509, AT
ToMEREULEVRILDDTEHEDI-DITER LT
HBRIBARBINPEER O = VBREER E & B—F a5
Lic. AFIv A =vivd PAN 8460 BARIY
Wk, = VBXEARBIFRE R 554 nm, 562 nm T 5x
104, 4.1x10¢ TH 2.
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#itko EDTA i@ & 2 B FBBRIGD £MEEEEHRD
BERER % Table | wR¥. s vBHR pH EEHY A
W VESTHRHEELRVCEE A Fivadl) L=y
v () O PAN gk BN T B #RIGEE TEE L
TUTHEROIWUEBCITFE L. Lirl, 7ve
=7 % PH BEHIZH\- 7 v £ = 7 KBRS
585 PAN 127 ve= 7 X2 EMBELZIT 2
P, EORRTH VIV ABGOBRE~ v VKD
BRECRENEKR Scm® 2 W BAHEOEEE RO M

Table 1 Conditional rate constants of ligand sub-
stitution reaction with ammonia buffer
and phosphate-borax buffer

. Phosphate-borax buffer Ammonia buffer

Metal ions kobs (s71) kopa (s71)

Cdz+ 0.30 11.40
Mn2+ 0.40 . 1.13
Zn2* 0.03 0.03
Cu2+ 0.02 0.02
Hg?+ 0.06 No coloration
Ni2+ <10-5 <10-5
Coz+ <10-5 <10-5
Fe2+ <10-5 <10-5

Metal ions :5.0x10-6 mol dm-3;
EDTA : 1.0x10-3 mol dm-3;
Temp. : 25°C

PAN : 2.0x10-* mol dm-3;
Triton X-100:1.09%; pH :8.82;
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Fig. 1 Relation between conditional rate constant

of ligand substitution reaction of PAN
complexes with EDTA and ammonia
buffer concentration

(1) Gd; (2) Mn; Cd, Mn:5.0x10-6 mol dm-3;
PAN : 2.0x10-4mol dm-%; EDTA : 1.0x10-3 mol
dm-3; Triton X-100:1.09% ; pH : 8.82

B FEARIGCHCSHEY 7 I 7R HAEVEEE
IR DBAF A IR, WFROEY 7 5 R
ANEVBRERBCIBE LI vadl) E=vry
(ID) OHHNERY BRI ETHHECHER 10 £ Lo
RiGEERREDOHIFI-Ih T w55, EDTA #H\
BHEEN T3, BEH R VT BhTuw
72. X, Table 1 ofEEnbAFivadl) E<=viy
v(AD) DSOS B A 4 v PAN S50 KIS EE 11M&
BDTNEL, MEOEERNWEECHE LV 0T
Bxhi.

3.3 RSEEE pH OB
AFIvAl) RO~ vy v () © PAN ko
EDTA i X % B FB R EEE & pH OB%% Fig.
2 Rt ) YRR Y DRBERY B SE ks
NE TRANLCEMTFERKIGOSBE & Rigc pH © 1/
CHOCRIGEE,»BA T EEYRT. Lo, EL7
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Fig. 2 Relation between conditional rate constant

of ligand substitution reaction of PAN
complexes with EDTA and pH

(1) Cd; (2) Mp; Cd, Mnp:5.0x10-% mol dm~3;
PAN : 2.0x10-* mol dm-3; EDTA : 1.0x10-3 mol
dm-3; Triton X-100:1.0%; pH 8.2~9.2 (0.4 mol
dm-3 ammonia buffer); Temp. : 25°C
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Fig. 3 Relation between conditional rate constant
of ligand substitution reaction of PAN
complexes with EDTA and EDTA concen-
tration
(1) Cd; (2) Mn; Cd, Mn:5.0x10-6 mol dm=3;
PAN :2.0x10-4 mol dm-3; pH:8.87; Temp.:25
®C; Triton X-100:1.09%

d)ll, &5, KA, g : PAN gtk & EDTA ofifr FBERICHEEZFAT 5 Cd, Mn 0ER 151

() &k Kt s\Tit, EDTA BEMN 1x10-3
mol dm=-3 Pl bz s\ CRIGEE IR —E & 7 A HE %R
L.

3.5 PAN RE¥ & REEDBRRK

# K3 oAl RO~ vy v AD) i LEERm3
% PAN oO#pr L BT BBRRIGEEDOBFRY Fig. 4
R, WITho$asd PAN BEOHINIRIGERE %
EF &5, PAN BEM 4x10-5mol dm-3 [ |k
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Fig. 4 Relation between conditional rate constant
of ligand substitution reaction of PAN
complexes with EDTA and PAN concen-
tration
(1) Cd; (2) Mn; Cd, Mn :5.0x10-6 mol dm-3;
EDTA : 1.0x10-3 mol dm~3; pH : 8.87;
25°C; Triton X-100:1.0%

Temp. :

3.6 FERRE
ChiEToEREREYECRIEYTHhE 5L LT
pH % 8.8, PAN Rt EDTA #E#% 4.0x10-4mol

dm-3, 2.0x10-3mol dm-3 + L, EEHREZLTDO X
BREDI. A FIvARR=vH v EThEh 28pg,
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14pg ITZFLdBREERY, ~vrvey 2{ficd
DIDDBRTR 7 A2 E VB> Y 74 10mg 20
AW EeD. KEEF v Y v AT BEEREY Hu
T pH % 7 §iifgic AT L7-%, 4%x10-3mol dm-3 o
PAN B (#1427 -1 10% B O + VY + v X-100,
10 % K¥EHK) Sem?® iz 5. pH8.8 o7 ve=7
PREA 10cm® %0z PAN ALY AR I, ZOBK
 0emd 2 27522 BLEL £8% 50cms L3
5 (BWA). BHKA L 2.0x10-3mol dm-2 ©» EDTA
¥ (pH 8.80 1y b v X-100, 1.0% B¥%B) &%
Aby 7N 7 e —2BCRAELTRIGEI®S. KIGBEA
# 0.5 BREY 7.5 BEOM K 554 nm k1T 5K
EE LR HIERRE SRS,

PEFLE LRGSO 1 iy Fig. 5 wid. Kt
BhBR AW IsiT B RGBT 0.3 B0 2E R E AL
XA V394 PAN kL = v v —E o Rt
IBHDTHD. RGBT 0.3 LR < v vk
DHEDRIECE I ERPVEBRXEBTELN RO D,
> T, ZDERD % RIGREE O CHF Ulcss & KIS
WL DBREEOELBIIFE LI CH ¥ 3 v A PAN $
BEORKETHOBRER»BH F I v ADEERITH.
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Fig. 5 Typical reaction curve for simultaneous
determination of Cd(II) and Mn(II)

Cd, Mn:5.0%x10-6 mol dm-3; PAN :2.0x10-4 mol
dm-3; EDTA :1.0x10-3 mol dm-3; Triton X-100 :
1.0%

RIGHEBIZ < v vEKRORIEIET T5 F TRXE
EELERE LcfiTths. RIGEKEE 4.0BDLBIL»
F3IvARD~ vH vEBEDO R UTRIGERED /)
IVEG AN, AL /s PAN S ORIG L %
WD TRERH I MEE O BERNELER Rbhb. -
T, ZOHEBNELRD &5 & AR RKIGEHE 0 & #ish
Lo & RIGBABROBEEDENSH F I T a L=V

KAGAKU Vol. 30 (1981)
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HET £4% UARATH 5.

Table 2 Simultaneous determination of cadmium (II)
and manganese(II) in their mixtures

Taken Found

(48/50 cm?) (48/50 cm3) Error (%)
——— — e — rrm—— A e—n
Cd Mn Cd Mn Cd Mn

28.1 13.7 28.3 13.7 0.7 0
28.1 2.75 27.9 2.76 —-0.7 0.4
22.5 5.49 22 .4 5.42 —0.4 -1.3
16.9 8.24 17.0 8.21 0.6 —0.4
11.2 11.0 11.4 11.0 1.8 0
5.62 13.7 5.66 13.7 0.7 [¢]
2.81 13.7 2.81 13.7 0 0

3.8 RESFVOEE

37 TRVCIAERARCEMEN F v RS, A F
IV A, VYT VOERBHT LGS A VOEELH
N7z (Table3). \ThoEEA A VIERLILEET

Table 3 Effect of foreign ions on the determination
of cadmium (IT) and manganese(1I)

Taken Found

Doty (e/0em®) g/Nems)  Eror (6
(mg/50 cm®)t Gd  Ma €4 Man G4 Mn
Zn?+ 65.3 16.9 8.24 16.7 8.31 —1.0 0.8
Niz+ - -587--—16.9 - 8.24 169 8.17 - 0 —0.8
Cuz* 65.4 16.9 8.24 16.6 8.19 —1.8 —0.6
Cot+ 58.9 16.9 8.24 16.7 8.05 —1.2 —2.3
Fe?+ 5.8 16.9 8.24 16.6 8.34 —1.8 1.2
Hg?* 30.0 16.9 8.2¢ 16.9 8.43 0 2.3
CH;COO- 34.5t 16.9 8.24 16.8 8.48 —06 2.9
NO;- 31.0f 16,9 B8.24 16.9 8.5¢ 0 3.6
Cl0,-  49.71 16.9 8.24 16.9 8.4 0 2.4
PO~  47.5t 16.9 8.2¢ 16.9 8.2 0 —0.4
- 17.7 16.9 8.24 16.7 8.32 —1.2 1.0
SO,2-  48.0t 16.9 8.24 16.9 8.2 0 —0.4
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HELTHIEEI . X, B14+yv &2onTiz 1.0
x10-2mol dm-3 ¥ TIIEEIAL bhich o k.

I

REL-EEEIESAD, #HAD, =, »adD),
a0 (A1) BOwkAL 1) 7o U230 E LT S SRS
fFRe~2* v /78 8fehleaYioadl) E=vHv
(Ih) oEE® RAFEWTS> T, RIEEEXFIAH
THERBEOHENBLSERTVA. Lo b EEciE
RHETHHR20bbT, HEHREDS £4% HH
ThHo THEDERLELAETHA.

AEBEOERAELY AR THER L&D CTIEECH
L, FELT=vrvZBBELTW55 58 ILUOBEK
BO—RBBKCOVWTAEROCRFREEC I DER
7otz fER (Table 4) 21 HRTHERELHIA F IV
AR IR\, BEOHMTHS 2 TERFE
B0 - LTH T hbD XS 2o,
Bohtc= vy vOEBBEREFEREELRV—BER
LTuw3%.

il

Table 4 Determination of cadmium and manganese
in mining waste water and its treated water

Present method Atomic absorption

(ppm) method (ppm)
—_— —
Cd Mn Cd Mn
Waste water 0 631 0 648
Treated water 0 52.2 0 54.0

Agr PAN 40BN FEERGCHTH7 vE =
7O EMBHRET FIA LTV EC BEr DD, o
BMBRILTHCERTEHI N I 2D 7 v vEEGN
PAN St L TR ERRIGEERXFH S LR T
5 LHEEIRB, RICHEEOMmI OV TR
ERHOEETHE L.
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Kinetic method for simultaneous determination
of cadmium(Il) and manganese([l) by ligand
substitution reaction between 1-(2-pyridylazo)-
2-napthol chelates and EDTA. Koichi NAkAGAwa,
Toshio OcaTa, Kensaku HaragucHr and Saburo ITo
(Government Industrial Development Laboratory,
Hokkaido, 17-2-1, Tsukisamu-Higashi-2 jo, Toyohira-
ku, Sapporo-shi, Hokkaido)

Simultaneous kinetic determination of cadmium and
manganese, on the basis on the difference of the rate
of ligand substitution reaction between 1-(2-pyri-
dylazo)-2-naphthol (PAN) chelate and EDTA in
ammonia buffer solution, has been studied. Although
the difference of the rate of the ligand substitution
reaction between cadmium chelate and manganese
chelate is small in the absence of ammonia, it becomes
sufficiently large enough for simultaneous determination
by an addition of ammonia because of an accelation
of the reaction of cadmium chelate caused by a
catalytic effect of the ammonia. PAN and its chelates
were solubilized in water with nonionic surfactant,
Triton X-100, and with a small amount of methanol
to measure the rate of the reaction by a stopped-flow
technique. The procedures are as follows; Take a
sample solution containing less than 28 pg of cadmium
and 14 pg of manganese into 50cm3 volumetric flask,
add 10mg of ascorbic acid and 5cm?® of 4.0x10-3
mol dm-3 PAN solution (109, Triton X-100, 109
methanol), and adjust the pH of the solution to 8.8
with 10cm3 of 2.0 mol dm-3 ammonia buffer and
then dilute to the make with water. The reaction of
this solution with 2.0 10-3 mol dm-3 EDTA solution
(pH 8.8 with ammonia buffer) was observed by a
stopped-flow apparatus at 25°C. Change in the
absorbance at 554 nm as a function of the reaction
time was recorded and the concentration of cadmium
and manganese were determined by linear extrapo-
lation method from the reaction curves. The present
method is free of interferences with other metal ions
and anions, and applicable for the determination of
cadmium and manganese in mining waste and treated
water.

(Received Nov. 27, 1980)
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differential kinetic determination of cadmium and
manganese; ligand substitution reaction of 1-(2-
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ammonia; solubilization with nonionic surfactant.
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