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analysis by the present method and (8) 0.01 ppm of Keywords
arsenic in a sample solution can be determined. Arsenic
(Received Feb. 19, 1977)
Coprecipitation
Polarography

Zirconium hydroxide

TLAZBMIUNDFA-NEEART U EZTLAA L ZHNS
WEHRKIYL, A, 88, FIO A F 2 xtmb-RFRESH

el dfE* B IREARR i AGiER S RE FIR

(1976 4 12 H 20 B m)

#F I A, EH,

(MIBK) iz @Bl Sh 5.

By YT 52 LA TERL. BRERI,

CORBMRERTELESITCHE T 5 H B oW TRF L.
gEEEpeR Rl FRAECLIRELROMR L Z2AATIMEO D VI 7 A, §H,
FhERD F I va (1~10)pg,

A, WA T AALB T =LA =ty (MNT ik HL &mgai+ %) LHIGL
T M(I) : Li-=1:2 OflR% - Kisth ok MIDLe " &4k 5.
Fr7vE=TALAY (TBAY) L 44 vid 22K b,

ORI T FF-n-T7
v pH @i CAFAAL VvV T F L7 bV
o
N, HHERDE
$A (5~25)pg, %/ (40~

200)pg, FER (1~S)pg OB THEF LEM L L - 7.

PFY TR X HBOE S R T o A, B, &, BRENODLE
FHT IR S ROME D DH. ThHOERA A Uk
TR X - CTERT DA, P FIDLADXSN
HIRTOTEHE T L EEROCRIRR,
NTW5. it TECMBEOEEBEA A 2ERT DS,
fi 2 O ETHHIRET RSB SITVwD. FL—
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Na,L : BE#R1® & [@h%, Stiefel BRI L TE
WL, BEMLACLOEZMAL .

7K 3 AEEEST  RREEEE S ¥ 3 v & (GASO,-
xH,0) 0.114g 20 ¢ 5L, HAKCEHERL, 1IN B
f: 2.5ml ®mmxict, £WEZ 250ml L (9
200 ppm).
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SRHARAE AL - R RTEEESR (CuSO,-5H,0) 0.982¢g %
O o5WUL, REKIZEHEMRL, IN Bifk 2.5ml 2imnx
7ok, 4wE% 250 ml & U7 (¥ 1000 ppm).

SAERUETS WL « R ARTHRRER {PD(NO;),} 3.197g 20 &
SEL, ZEYACEMRL, IN HER 2.5 m] iz %,
£WE% 250 ml & U7 (§ 8000 ppm).

MR BHRELES (ZnCly) 0.104g 20
r 9K L, EEKICHEMRL, IN EE: 2.5ml 2z
#%, &% 250ml : U7 (¥ 200 ppm).

IhoDERBAF VIBEBHETIEF L — PRI -
TEREEL, HOKIGUTHRLTCHW .

FEERE AR AW - 2 M EEERKTAMRE 2M PEERS- bV
v AKBHEEZESLT pH 5.0 & L 4.

BALF P S-n-TF AT vE=Y AENE - BRbRR
Bibs bS-n-FF A7 vE=w LA 6.045g ZIEMNKIC
WAL, 500ml & L7 (3.75x10-2M).

TotMORFIT TN CHBRLEFEHAL .
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PH A — % — : A 3RFEHR F-7pg B pH A — 2 —%
FRL~.
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2.3 TERERIF

fR7k (100~1000)ml 7 73 lic & b, Tz Na,L
BERK 10mg % inx 7%, MERMIRFEGIAW 5 ml 2
< pH 5.0 iz FM+ 5. 3.75x10-2M TBA+, Br- 7%
e 2ml Zhnzrcth, RENKCKHEZ-ERCTH. K
W MIBK 25 ml Zinz T 2 SRR DIBEL. £ 20
SrTERE Ut AEMEEZ S| L, 31 IR &HClR
THEREEZTT . PICEEBEERIC OV T L R
KRIEZT - CTREMREERL, ThXh&ER1 4
DEFRERDD.

3 gh L

3e1 FFWNMERLE
R LT L — ADEEMIZOWTRE L, RkOX S5
Al S THERSDOSTEITS LT L.

B Cd 2288 A, Cu 3247 A
Pb 2833 A, Zn 2139A

5 TEF Cd 6mA, Cu 15mA
Pb 10mA, Zn 8 mA

TRIRE 13 1/min (1.5 kg/cm?)

b, MWy, ek, R BEL P A, 1, 88, dWERO A A4 VR L - BN b 551
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Fig. 1 Effect of pH on the absorbance

1:Cu 15pg: 2:Cd Gpg: 3:Pb 80pg; 4:Zn 3pg;

Aq. phase : 500 ml;  Org. phase : 25 ml
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3¢3¢1 Na,L MN'T o Kiswii e cmE b a2
FTLARLETH L. UL MNT 1k 2o &H/A +

LERINCRIS U, TEAKBEOME MAD L2 %
AT 5 (BlziE, pH 3 itkiF 5 Zn-L &Ko &iF
BIKERUE 1014 TEH D, jiYF 5 EDTA gtk 5
ek R ER 1052 [~ DAk E V). 2 2Tl iTE
EFAFA X > THBINIRKFEoR, REOLEN
xR BE LT, NaL K 10mg Znxdz el
7z
332 RILF bPS-n-TFNT7VE-DLALAFTY

MNT §EAEE 4T T a4 o 24 v v b
&L, BEEciBIh, fomBERIETICARE
W (Bl xE, Kex=[2Q%, ZnLg?~1e/[ZnL2~1[Q*]2=
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1022.4113) 0 =421 QVY—=F hS-n-~\F VT L EZ Y
LA F ) Gl TREORAKND, MED &FA 4
e T IRERT S B FIHTE 5. AT
Na,l. jBREFA HE LT 3.75x10-2M TBA+,Br- Buk

2ml iz bz Ew L.

3.4 RV EURRMH

2.3 TR AR SERIEEICIE - T, IRV IBERMZ 14
7205 10 5 CEXTHERCRIETEEZH. £
OFER 1 SRR D IBEHIE—E O REEHE S5 2%,
WEDD 2HBIRVBE D Z ET U, fhilRE 1
OHYTITIE 1002 103E L 72

3.5 RER

7KDL, 8, AR CEREMEEIRIE . T T 100,
500, 1000 ml FRW/2HEIC DWW T EHE fE L 7.
Z ORI OEBEREL RS o TRET EEV
27 L7~ Zhix MIBK 23Kz 7862 L, MIBK #f
OEFEDFL LT, IBRMIESTEICEE o722 TH D
(MIBK 25 ml =%t LT 7kiED {&Fg% 100, 500, 1000
ml - ZfbxeC, MIBK MOEKBOELLFH /2L Z
7%, FhFho EiEx 22.80, 13.80, 2.40 ml X7 5
72)-

B R YL, i, SARUERSAEHEENE 500 ml )i
7B OMERIE, PRI oA (2~10)ug, §F (5~25)
ng, & (40~200)pg K UVHESA (1~S)pg OHIMATTHh
S y=7.55%, »=3.70x, y=0.467x JL 7% y=15.50x
CThots. TTTxIXLEEAFOER (18), » &N
YAlHDF I (%) Ths. ZORBEERILELNRS 1%
WA k)3 5 & EvE, MIBK frthcrhtih 9.6ng

Cd/ml, 19.6ng Cu/ml, 155ng Pb/ml K ¥ 4.7ng
Zn/ml TH%. XA KIva bpg ZERD, 10 Bl

DR UK R kDI & 25, HEMREGT 1.74% Th-
7z

A SD 13k OX S EMRERIK LMKk E TR
MIBK OBFREIC 2 S5 2L Tw5. X, H
1153 A EREERC x5 MIBK o B % B 2 5E A
R L, IR AT S 2 MIBK ORI
HF LT EERELTVS. EoT, REEZHEHAKOL S
T EARERIC T S AR X - T
HREAEILT DL ERDD.

3.6 HEAFOEE
BRI ADERBICHNTLHHEA A OREEICOWT
MEf U7z $5H% Table ] 1z7R4. A FTD L 6pgic
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LT, 811 0.5mg, a0 kD), = v & (11),
Fi(ID) 43 1.0mg, JKER(IT) 4.0 mg, HEH(IT) 5.0 mg
FCHELTCLEE L. TLHVERE, 7AohY)+
H4eE, 7o s (I, <4200, £3(I1) 13 50mg
D, XEROEA 4 0mg FTHFELTLHEL
IR et

Table 1 Effect of foreign ions on the
determination of cadmium®
M b
Nt gy el O o
N aeide {pg 08 T
Cu?* sulfate { {(5‘ 800 _2_00
R 502 —0.98
Cor ’ {1 3% o
Fes+ g T 54 5%
R T
a) Na*, K+ Ca?*, Mg?*, Cr3*, Mn2* Pb2* ClO4-, NO3-,

C,04%7, GrO42-,
did not interfere.

HPO,2- and Hjedta?- : 50 mg of these ions
b) 6.00 g of Cd2*+ was taken.

‘Table 2 (2 K 2o A (1), $A(LL), $A(ID), HEEA
(ID), k() RO~ 72 A Brirn i cifF
TLEEOMELTHORE AT, FRRRIRELZRL
2. Table 2 kW T H vk 0mg kFLTL &
CEELIWVWTZ E, RUHRICH LTIRER LT RTD
GEIEA A 3 50mg THLIFE Loz EFERHS
5.

Table 2 Influence of diverse ions on the

determination of zinc, lead and
copper

Analytical element Tolerance limit (mg)

cd 2.5
Pb 10.0
Zn (3.0pg) Cu 1.0
Fe 0.5
Mn 50.01
7n 1.0
ad 2.5
Ph (80.0 pg) Cu 1.0
¥e 0.5
Mn 50.0t
Zn 50.0%
cd 50.0t
Cu (15.0 pg) Pb 50.0t
Fe 50.0%
Mn  50.0t

t “lolerance limit can’t be found.

PH 5 it H61F 5 & EB-MNT kD ZEED FHNICD
W, &BA A4 BBmEE (FlxE, ML~ +Mp2
MyL2-4+M)) o #TAME LI - TTHRIL 2T b
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NOBIE XD Bt Lot 25, FOFHIE Mn2+<
Fe3+ <<Co3+ <Nizt <Cu2+ F (X Mn2+ <7Zn?+ <Cd2+
Cu?t TdHh 7. {£-7T, Table 2 T\ CEHID) D5
et LT EBA o B3 FE L 722 b, RO
v (L) BNl EROWF L b 720 21T
LREOREEDFHNNLIFETE D, Jf - TARIC BT
DIEN, I MNT X b sl ke k3 53k
FEBAA X - THBESh, EREE2EC LT
TLL0E HEIND. L TH T YLD HHIC &t
LTHHEDK XD - 72801, $HID TouwT, A
REZ BT, TOFBRRIRELZ H7e. FoFE
Table 3 \wR3 X 5w, HERBELBEITHZLIZL -
T, FHFBIERBELZTFIC LFD  ENTE. AL
TiE 10mg o MNT H{EZ M2 T 55, HFEREA
FUBFRCEVEAITE, RERNnEY BT LE S
.

Table 3 Tolerance limits of iron and copper
on the determination of cadmiumt?

Na,L Tolera/nce limit

(me) Fe (mg) Cu (mg)
10 0.5 1.0
25 1.25 2.5
50 7.0 5.0

T 6.0pg of Cd2* was taken.

3.7 FEER

BLEo st #£50W T, 2-3 07 ERRE 2
&, NLHgkdr oh kv A, gHAD, /0D &
CHEiga(I) ok, Il BIIFL TV EHA L,
LTWIRWEH LI OWT, £hih 2 @3 2T - 7.
fh® % Table 4 iTRd. WTFhoBELIRMESE XL
—HLEZRLTED, KECX->THomETED
WETHITTED Z LRI

Table 4 Analytical results of cadmium, copper,
lead and =zinc in artificial sea waterf
by recommended method

Amount of element Found (ppm)

Sample (
No. ppm) . "
—_— Cd Cu Pb Zn
Cd 0.060 Cu 0.010 =
1 Pb 0.80 Zn 0.015 0.059 0.010 0.796 0.015
2 ” 0.060  0.0i10 0.792 0.016
Cd 0.060 Cu 0.010
3 Pb 0.80 Zn 0.015 0.060 0.010 0.800 0.016
Fe 5.0
4 4 0.060 0.012 0.800 0.015
t This solution contains 2.729% NaCl, 0.38% MgCl,, 0.165%

MgSOy, 0.126% CaSO,, 0.086% K,SO,

HE, WY, 4K, HF MBS Vv A, i, 85, DA+ v otifiiB-E T W4 553

3.8 APDC, DDTC RUCFV oHiixEDHE

B Z BT & T2 EEBA 4 > Ol dat st &
LT, APDG, DDTC RU'w 7 p i A< H
WHBERTWS. ZRLDHEDS L, UF V01 B
pH 9 DL ETH 2TV, F¥HO ZEFRE THILE
AFEEEITH D, HHOMBPESTH L. Livl,
7 b v dov s MG LRFEFRERE LTI T 5720, 7
BHHLEE Vv — MO E TS 2 20, HESALSE
LD, MEBEORENARLETHS, HEDENSIFE
L<av JE-T, BRI X b UREIAIR & LTl
T hiE e S v,

—% APDGC, DDTC §itkix pH 4~5 DL LT
N2, ZAbHoEARE MIBK ok - T Tx 5.
> THBMZEE 7 V- AUCEATE, HEHBECX
LEELADOYMRC XL > T DOERELE . Lirl, &
Noo L il L7z MIBK #85 BB o070, thi
HEOREAYE LIz W AETHUV 2 MNT &
13, BART o E I A4 AL DOFEET pH 3.5~9 ©
v pH BT TE 5. o4 4 %3 APDC,
DDTC gtk #i4 X FEigic MIBK GiHiTEX 20T,
SHERE L&, L MNT RFTZAb7s flp %2 v T
BEHT, POBNRTHRTEL L EDOEYHDH. L
oL MNT AFEogHad, MEHREOTRRE HTE Lz
TV ERCFVARHNEX D EFAFITH S 5.

4+ S Gl

MNT §RIE 2 OB A 42 LS L, KistED s
f& M(IT)Ly?- Z/ERT 5. ZOKIIFE4HKT =
U AR EA AR DL D, MIBK izl X 50T,
Z OVEERH 2RI 235 U v B EFROE Sk 2 12
F L7z A IRIE (500~1000)ml o X 5 75 ko
ki HERBA 2R 5 2 EXWRETH Y,
o H ¥y A, WAL, gAII) FOHEEHAT)
AHEEXERTELZ LML L.
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Atomic absorption method for the determina-
tion of trace amount of cadmium, copper, lead
and zinc with ion-pair extraction of dimercapto-
maleonitrile complexes. Sadanobu Inoure*, Takao
YoTsuvyANAGI**, Mitsuo Sasakr®* and Kazuo AOMURA®*

KAGAKU Vol. 26 (1977)

funnel, take an aliquot of sample solution containing
less than 10 pg of cadmium, 25pg of copper, 200 pg
of lead and 5 pg of zinc, and add 10 mg of Na,L,, 5 mi
of acetate buffer solution (pH 5.0) and 2 ml of 3.75 X
10—2M TBA+Br— solution, and dilute to the fixed volume
with water. Extract the ion-pair with 25 ml of MIBK
by shaking for 2 minutes. Stand for 20 minutes to
separate the organic phase, and then measure the absor-
bance with an atomic absorption spectrophotometer
against the reagent blank. By this method, the con-
centration range of (4~20)ng of cadmium, (10~50)
ng of copper, (80~400)ng of lead and (2~10)ng of
zinc/ml could be determined accurately. The coefficient
of variation was 1.749;, from 10 repeated observations
with 6 ug cadmium. For the determination of 6 pg
cadmium, the tolerance limits were 1.0 mg for copper,
5.0 mg for zinc, 0.5 mg for iron. The tolerance limits
for copper, lead and zinc were also determined.
(Received Dec. 23, 1976)

(*Department of Industrial Chemistry, Kitami Institute
of Technology, 165, Koencho, Kitami-shi, Hokkaido;
**[ aboratory of Analytical Chemistry, Faculty of Engi-
neering, Hokkaido University, Nishi 8-chome, Kita
13-jo, Kita-ku, Sapporo-shi, Hokkaido)
Dimercaptomaleonitrile (maleonitriledithiol, MNT or
L?7) reacts with cadmium, copper, lead and zinc to
form water soluble complexes, ML,*~, which can be
extracted into methyl isobutyl ketone (MIBK) as an
ion-pair with tetrabutylammonium cation (TBAT).
Based on this extraction behavior, a new sensitive method
for the determination of these metal ions by atomic
absorption spectrophotometry has been developed. The
recommended procedure is as follows. In a separatory

Keywords
Atomic absorption spectrophotometry
Cadmium
Copper

Dimercaptomaleonitrile  (maleonitriledithiol) com-

plexes-tetrabutylammonium ion-pair
Lead

Methyl isobutyl ketone

Zinc

# 1D, = 4L L) Zyrasvb b (L) oEERRERTERE

Ohgg =g, Ein GRYE, )l

¥, i PERE

(1977 £ 1 J1 26 H-ZI)

WA, =y A1) RO a0 b (I) oFERPMEERRZBRI L. ThAOERA A+ v 0 2-
-7V In7V)4-AF1o7 =/ —n1 (TAC) otitht EDTA ORNTFBEREIGD HEZ A b v
TrF7r—BRIXVHEL E2%2T-7. ThHE&BA 4o TAC ST KIZHIB T, KITFHIED
EDTA Lt oORIEZEHEAL s 7 V70 —~BTERBTERWR, EA4 v ERAEEKA Tween §20 2
I HEKROMIB{LIEI LI 0B Lz, 234 F-TAC#: A% SOk 5, MIUTEBRFISOE
ER@(ID>=y r A (ID>a230 V(D) ©d Y, =9 7y -TAC EHRORIGEEZRET 5 LT
b, 3&FM (6~70)pg/50cm3 FT AR %2 £4% DHNORETHRERT /4. EHBUALD, # F
s v aA(Il), 8810, ~vH v (D), 7 e A(I0D), k(1L IID), SKER(ID) BREET, BERA A+ v,
B A A viREoBEBI A v EELTV.
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