70— a VALK IBREI VLI D
ERSITER

o RHfE®, M B, %X ®, KH FR*
(1982 42 4 A 5 AEM)

Yy A(IV)-EBE e BEMEE R L2 a3Vt A AV OER R TR - AV I =/ ¥ a VT
EICEBL, B, MELEF -7, 1.3x10-3M £y wA(V) o 1.00M FHEBRERET 2.4X
10-2M =@ft—eEo 1.00M FEEREY, Thehi# 1.07ml min-! Kot 1.06 ml min-1 ¢
F7rvFa—7 2mmid) THLTkE, HE2REREF=-7 (180cm, 2mm i.d) NT
AMBAI®S. —F, EAAK%E, HE 4.2ml min-! TFryevF.—-7 Cmmid) QFELT
5%, ZOWhOREZA—-T I TA v P 8—-Tav{ti4 280 RBEK 2.69ml) 28
AT%. CORBBR2ZELHMLE £O0RRESHRCEHS ¢ EMES2BREES. HAFRR
60°C oEEMHPOMMF » — 7 (136cm, 2mm i.d.) %E:@EH, RISEEBESHhS. Bz 20°C 0
EEEEOSHF 2 —7 (67cm, 2mm i.d) 2B @I L%, 2V vA(AV) oV 27 7 P
OaY{EPAAVICEHETERE, 7ue - AREALOEREHEZAVC 3120m CoOBREZL
ELTHEMIKEST LEER LA, X7e— w0 MAOONIC ZHEHES, HHEOoKITEVY T
(% : 5.0 ml min-1) 2 FhFhREIfF, F—7HARRELE RBEB 7 - A K ABD%
X5l ZOXS5KELETT, 0~50ppb Da v {t1 4 v iR I VWERSEEZTL, BHRAER 1
ppb (S/N:2) Thoi. SHHEER I BEAYZIREK 30 RESTETHD. BEAREZHRE L
TAEOBAERRF S .

g HogEhiifErtE, REREENTEL7e—1Y
: O =2V a vk (FIA) oFEORECERLT,

ERE TR ABEIV B cEMIIT L, RiEFH  FIA R I2ESMTROBBYHME L

*ERAEEERLER  EARREATER 2-39-1 FIA ZHWREMSIT CowTE, FCEBLEY

il
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NBLLTETORENHDHTBE VI~ N, #ih
S EA—LTFIAF - HALBED F8llbD
AW TR, — 7R P e &0 RREER TR
BRETEY, BEABENEE TS, REHEOHRLCD
BB TNEANEIN TS,

Sandell 122> Rodriguez 5%, =@t eFi
L5eYvalV) oBLERE X a v tP14viTd-
THEMACRESIh S Z E¥BE L. Lo
DT, OB B S, 2RERL 2Ce(1V)
+As(I) ——» 2Ce(I1I) + As(V) TEXh5. AHRE
TR ORIEE FIA CBAT 24k » TOMEHE
2R L, FRERAKRO 2 v A 4 vOERIC
SR L.

.
B
i

N
H

201 =

aviby vy ABEBW : =Yty Vv A (FlbE
fikaR) % 110°C © 4 BE/mRL, BRIAKC ER
L, avit¥s 4+~ 100ppm Fme B L. KR
CREHGACLIEAEFRL TRV

vy v a(lV) B8 : By vaA(0QV) 7vreE=Y
ATRHY (e BR) 8.223g % BEEKITIE
BEL, IBFEER 549 ml #mxCc 1l L. BERHEEY
ke 10 5 HRML TAV7 (Table 2 £8).

SEML e BEW ST e B (F v AL BER)
4.946g LkBMEH Uy A 2.83g 2 b ROBEFEKCE
LTBEMRLE, BFEWKE BHEE S7.5ml 2miT
11 & L7 (Table 2 #88). A% L, EREFORIIC
LT, 2Y v A(IAV) RUO=ZBbZ e Rigwiz, k
RBOBPWRICE LI FN EEO BEOLOE EHL
7.

2.2 FHBRUBRE

HBAOERERICX DKL FIA 8E% Fig. 1
RE. RYAZBEYT {Pi~Py: 7 F — (), S]-1211
HR, 48} +=7AT AT =0 &—{V:EiEH
E (&%), VMU-6}, maigiil (G : RERFEII ),
Y—tz=y b C-550}, apiEiRHA (H : KEKEE
2FAE), BUS (D: BHEE W), WETEARIE
KLC-2290 (k% & 10mm, HNER 8pD}, tofh, +
a—7, BEES, NFo PETRTTF 7 e vl {BR
WK} 2ERALL.

B EIR (60°C) oW\EEAK, Vv a(IV) &
W, SE®ib-eBBwELhTh, £v 7 (P~Py) T
EmmiCET. 27, vy v a(IV) Bme Sit=e
RiBW L EES M) CHEE S, REREF=—-7
(A) RTHHBELE. —F, REEAALEY T (B)
PRAVWCERAKEZMLTEE, ZofhoRiz, v
Tan—-72RBoffok Goix 17 (V) cHflz
BALEL., oAy v A(AV)-=B{L- v EES
ARBERENSCAEL, My = ~7 (B) FTHER
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Block diagram of flow injection analysis

C : Carrier stream, redistilled water;
(1V) stream; Ry :
Peristaltic pump;

Ry : Cerium
Arsenic trioxide stream; P;~Py:

S : Sample;  V : Sample injector

valve; A : Reagent mixing tube; B : Heating tube;
F : Cooling tube; E : Apparatus of deaeration; D:
Spectrophotometer (cell volume : 8 pl, light path: 10
mm); M, N : Confluent point; G : Heating thermostat;
1 : Cooling thermostat; [ : Recorder

HseRo k. Wiz et #HiEss 60°C ofnsia
BH (G) Nom#hs = —~7 (B) »BEPTEMRS
BREShS. ZoREE 20°C op e (H) Ao
BHF -7 (F) 8L, vy9wa(dV) 13voR
TR LB BT — AN EoRKESFERVT 312
nm TOWREEEIL & U T HEMIC ioskat LC 28T
5. 20°C OBHF - — 7B TOE, DIWHBES L
3, REXRL RS RE0BAKES. X, F=—7H
T U ERARIRBEH O T - LITAB DR
I AMEE (REkx®, E) 2R®o40, co
HTEKREON 80% B 7w — 2 A lICHIAL, BRYiX
AL ELICHHEIND XS H Y T (P2 HEL /.

3 EERMUEBES

3.1 FHEBREORSE

)y A(IV)-ZERB e ROREY FIllT5av(t
WA A v OEMAITIRBEBE R CTbh 20, 2o
<, KEERY FIA 2T RET-T, Xy 78
b, BRERIBEE & #EMBUGO Btk LT 3]
fo.
FEREE O0.CIM L EROHEY Mx I\ &l Txe Y
v A(IV)-ZRME e BRABBORINA L2 + 1%
EL, wic=z b1 A vEHEMLT 30 SHARs
FPARBMEBLE. ThbOKRY Fig. 2 1R (FiE
WL TE 0.IM Dk E02RLE), BB
o & FIHNBREREEE 0.1M Libo kX, wY oA
(V) DRILFRFERMAICTH, 312nm 12k hBIVK
KERT LSRN S.,

BEBAELELTVWEATIR Y v A(IV) 0B
LAV o Tuwigdt, 0.1M BBk it €Y ¥ A
(1V) oRBRELCHERLa v {thIA v DRAR2 b
A UDGED LRI,
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Wavelength, nm

Wavelength, nm
Fig. 2 Absorption spectra of cerium (IV)-arsenic
trioxide mixed solutions in the presence
and absence of iodide ion

Sulfuric acid : (A) 0.10M, (B) O0M; Iodide ijon:
(1) Oppm, (2) 4.8ppm; Cerium(IV) : [.5X 04 M
constant;  Arsenic trioxide : 1.44xX10-2 M constant;
Reference : (A) 1.44x 1072 M Arsenic trioxide in 0.07
M sulfuric acid, (B) 1.44%10-2 M Arsenic trioxide;
Spectra were measured 30 min after preparation of

samples.

Hardvick 59 X 5d, w9 v A (V) 1 35EBRERE
CIELT, =/, ¥, PYALT o bEEGRAERL, +
Uy A (V) ow UCHBBERROLE T T, HERE
BEOLIM T U ALY » b EEEAH 65%, 1M
THy 95 % DEBTHEET . AERFEREID, avik
PAF VLI B2 v A(IV)-ZREZ e FO BHRET
OHEET, Vv a(V) RLrYALT7 5 M kDL X
HLIGEMTREIRDEEBELDRS. ZOBEAIDT
T, FBBREREVIEE = v {1 A v OERES P
ZRAEFTHS LEbRS. LirL, FIA oFHER
DL, BT - — 7 NOFRBBEYH 0.35M [ i
THE, REYEUCRIAKOMI L HBY S TRERS
BRETTBMBT - — TN, BES “DoE” v
UR=AFAvD/ A ZBKREL LD, ZhIHEBROR;
URRBA D THEEELBRS., #f - TRER T
MBEF = — 7 HORBRIEES 0.33 M ZHE L THRy
Toie.

ek, U v a(lV) RO =L e B BEERK
1%, K FIA ®Br#AZhsE, Fig. | oMARY
N RCARMBEEL MBF . —7HTHERIhD. #-
T, ThHLOBKIBEL FIA BB AT 58] & gk
F a2 —7HTRRES. AXFOREBEOWEE 1T M#F

= —7HTORELEHLHRVERD MiIEOBRETELL.

32 RSB

Fig. 3 WMHEULLET (o LRIEER 2.22 4
M) CmBEREOBEIMCHE S ©— 7 oL x iR
L. BETHEEAREASET L., T o —
TOREY 40°C, 60°C Ryt 80°C w hiFa L v —
7 DESIIRAL, 60°C RU180°C o — 7 B RIL
0°C oL EDHIHROWSELIco1. LivL, 80
C CRR~AFA4vD/ A XHhKkELeh, BERR
PRELSEBEALXR LI, HoTRELBRHEBR:»
FRLU TR EBR NAEREREY 60°C & Li.

3.3 RUGREME

B TTERILRE OE RN & Bic v RICKEIC KL
THHETHS. BREBRERRETREREOBEYHE
HTHedI, M#F . —7DEIY—FCL, FHER
B2 CRIEHE % 3AT L. R 0ho KGRI,
REERE L OBTERD DT o — T % BB T ET
O & Lic, £RIEHMTE bR REH Y Fig. 3
Rt RUCRHEOBA S & SICRERO - 5B (LI
BELET) BAELsH, aviki+ vimerc
WIBR IR 5 ARER B0 ERORIET b bT
RIGoBELBh, ~—271 vAERELEL, Fhic

10.0F .
g
3
=
&
= 5.0 .
-
3
jauy

10 20 30 40 50

Concentration of jodide ion, ppb

Fig. 3 Effect of reaction time

®:1.18min, A :2.40min, B :5.08min; Cerium
(IV) : 7.49%10-4 M in 1.00M sulfuric acid; Arsenic
trioxide : 1.50x10-2M in 0.98M sulfuric acid;
Heating temperature : 60.0°C; Cooling temperature :
21.0°C; Reagent mixing tube : ¢ 0.2X 180 cm;
Heating tube : ¢ 0.2x33%cm; Cooling tube : ¢ 0.2
X67 em; Sample volume : 0.37 ml; Ratio of pumping
rate : Py : Py Py=4:1: L
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HoC, RHBRIKEL B, ThHORBRIDRT
BRI RESINLE L H AR 1 5, X0 BRESH
PRBREERT (2~3) 4RFELTHD LBbIS.
L3 6 THRB LKL, RHMEYRELTHHEAIR
WO.THTYL, LHBERESVOGAETHS Z EASH

-7,

3.4 BERBERCSIHELEOBR

BHREY B AT oI, EALLREOB
iz, BERERMC X o Tha S FRINMLVLID
ERTRECHB. ABTE ERYHSFERKOR
) NERAREME {vVva (V) =R eHEO
SWBOWE) oy 1:1, 2:1, 5:1, mBLX
#, BECRETEEYRELC. KL, n#hF .-
TOREIR—FLL, ¥0F . — 7 ROFHERCAESR
DBRBERTERYEL DT L —BRILS XS5 CHML
to. FOKBEY Table 1 iRt ORIV IEER
2: 1 #BHEEMEE LT

Table 1 Effect of flow rate ratio of sample stream

to reagent stream on sensitivity

Flow rate ratio

Sensitivity
(Sample stream : Reagents stream)

(10-3 Abs. ppb-1)

I:1 1.21
2:1 1.55
5:1 1.52

Cerium(IV) : 1.25X 10-4 M; Arsenic trioxide : 2,50 10-3M (each
in 0.33M sulfuric acid in the heating tube after mixing with
sample); Reaction time : 2.37 min; Flow rate in the heating
tube : 4.50 ml min~!; Ratio of pumping rate: Pa: Ps-1:1;
Other conditions were as in Fig. 3.

35 BYHLAV) BUZBE_CHRBE

) v A1V) RUZSEEZ e ROBE > ALK
X8, BECRETEELRIF L

Fig. 4 3=t e RBEEO FJPFe LT, &
BEOwY yA(1V) BEXBALLRTHECa LY
AXVOREY 7 m, Lz, ZOREID, wY A
(V) BHBEE (1.0x10-5~1.5x10-M T, =&
(b= e EREBEIL 2.40x 102 M L L Thiul B &
Bbhs,

3.6 HEFAREMBF2—TRE

REBEARRUME S . —7ORIZE LT, BRHE
Ev ETF 385 L RF LRGERII—EE L),
FOfREEY Fig. 5 ©id. RBHEAREN kXD
&, REVPABCEEIR. —FH, h#s.-70R
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L) ¥ T k24 3
T
E 15§ e |
3
=
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& 10p “
2 e
L
=
5 5.0H .
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b
w
L 1 L 1L L
0 1.0 2.0 30 7 12

Concentration of arsenic trioxide
1.00 M H,SOy, 102M
Fig. 4 Dependence of sensitivity on the reagent
concentration

Cerium(1V) concentration in 1.00M H,80,: O 1.20
X10"4 M, A 6.00x10-¢M, []1.08x10-3M, @ 1.50
x10°3M, A 3.00x10-3M; Reaction time : 2.26
min; Pumping rate (ml min-1) : 3.15(P;), 0.80(P.),

0.79 (P3); Other conditions were as in Fig. 3.
T T T
6 -
T
-
S
B
@
©
g
2 4
S
w
=
G
P
1
=
—
=
E 2k .
‘B
£
S
145}
1 3 1
0 1 2 3

Sample volume, ml

Fig. 5 Effect of sample volume and heating tube
length on sensitivity

Heating tube : (8 50cm, [} 67cm, A 135¢m, O 202

cm {all tubes are 2mm inner diameter); Cerium

(IV) : 1.30x10-3 M in 1.00 M sulfuric acid; Arsenic

trioxide : 2.50x10-2M in 1.00 M sulfuric acid; Re-

action time : 0,66 min; Ratio of pumping rate : Py ¢

P;: Py—4:1:1; Other conditions were as in Fig. 3,

TR ML, BER (70~140)cm CEAfEY RL
o, - TREEARR, 2.69ml &L, Xm#F . —
T7RE (10~140)em L o¥FERTAZEE L. X
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ZO&RETCIRERMYH 0.7 FcERTETHHC &
bi1Ys N

37 BES

PEoBEBER L b, Fig. ! KRLCHBRE AL,
0~50 ppb @ =2 V{1 4 VERICYic > COHFZTE
% %% Table 2 IRUL7:. ZoOFKRUGETTHEADOEE
DTG A VBRI ONTOPN > 7+ A1 D—l%k
Fig. 6 wrd. avib1 4 vORER & TV EEME
¥Rl ERAHETHS. RUEFEH 1ppb(S/N:2)
Thot. H+v7Y v EELRK 30 BiE/h Th
5. BERO K, BOEE 0.001 @ L, 0.17pg

Absorbance
0.1

; UL UK

30 min

Fig. 6 Responses obtained from the cerium(IV)-
arsenic trioxide system

Standard sample (ppb) :a I, b 5, ¢ 10, d 30, e 50;
Under the experimental conditions listed in Table 2

Table 2 Analytical conditions

Cerium(IV)
Arsenic trioxide

1.30x10-* M in 1.00 M H,50, solution
2.40x10-2M in 1.00 M H;SO, solution
Heating thermostat : (60.0£0.01)°C
Cooling thermostat : (19.040.2)°C
(0.6740.01) min

Reagent mixing tube A : 180cm

Heating tube B : 136 cin

Cooling tube F: 67 cm (inner diameter 2 mm)
Sample volume  2.69ml

Pumping rate Py : (4.2240.03) ml min-1

P : (1.07+£0.01) ml min-!

P3: (1.0640.01) m] min-?

P¢: (5.09+40.03) ml min-1

312nm

Temperature

Reaction time
Tube length

Wavelength

I- em-2 Thb, MERCETIRETORE R, 7
WAy =T 0.64 BIEEBN T - 7. XIENEERER
#ix lppb Tix 10%, 10ppb Tix 2.7%, 50ppb
Tk 0.1% Thote.

3¢8 HIF({LHFBOEE

Table 2R LIcSETC, M4Db¥BOBEYR
Nifc. TOFERY Table 3 WWiRLiz. =9t 4+ v
5ppb X LC 200 {E3E b x e THBURROE
Bt 10% LiFodoiz Table 3 o FHMcRLE. <
DFEERIEBT B 2 bo{LEBOFEIZOWTIRSHK
DOXBRPB B8, Fx o7 VEEA F VITDWTL
MR EN I, FA VT VEBAA VIIELWIEDD
EERRLIE. FITFACT VEBEAAX VOERY, R

SR THA R, (20~130)ppb OFH CTHREFIIE
WMEAIRL, EBEUETHLZEVW Dhote. COER
BRI DWW T~ 3.
Table 3 Effect of diverse ions
Species Added as Conenation Lo )
0s0y OsOy 1 243
50 1655
SCN- KSCN 4 109
1000 1524
10;- KIO3 200 17
1000 187
Mn2+ MnCl,-4 H,0 508 119
2008 126
10002 185
Fez+ FeSO-7H,0 2000 156
1000 206
Mg?+ MgCl.-6 H,O 200 101
1000 126
Hg?* HgCly 1 87
5 67
10 4]
Ag* AgNO; 5 66
100 18
104- KIO 4 82
1000 50
Fes+ Fe(NOs)3-9H;0 4 148
50=> 150
2002 107
1000% 74

5 ppb iedide was taken. The presence of 1000 ppb of following
species did not interfere; F-, Cl-, Br-, ClO4-, NOjz-, CO;2-,
SO2-, PO¢3-, SiOg NHy*, Na*, K¢, Ca2+tor, Ald+o )
in 0.02M HCI, b) in 0.10M HCl, ¢) in [.00M HCI

3.9 MEEAKPOIVILHLF > DER
AEXHCCHKB O oI+ v 0 EBY T
fo. BAKEENL, MAZESL 500ml ¢ — 7 —ipss
%, FIAEL L 12BEEM RS-, Table2
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DEMECEBRMEY BT TociERYy Table 4 ©
BT, MAKFD=a o1+ BRI SCEVE 1.8 ppb®
RUBEH HORIEE (0.7~0.9)ppb?? OFEMICH -
fo.

Table 4 Determination of iodide in rainwater?

Date Content (ppb)
Sept. 10, 1981 1.6%0.1
Oct. 7, 1981 1.7+0.1
Oct. 8, 1981 1.1+0.1

t Samples were collected on the roof of the building of our
laboratory.

PR E A v LT= 2y 4 (0.36
ppm), % (0.23ppm)® L L REFRTWBHDT, Th
LOPENELIT 5 EAEE LA, Table 4 g
TfE B EERMEL L > TRD OO TH S,

4 ¥ i

FPVANT > Y v A (AV) BER TS X5 eHH
BRESGTT, IV valV)-=E8tb_ e REMRE
FREBT B2z v+ v OEESN FIA cEH s,
FIA 088w dh Lo st it - .

REBK (B EREAK, B8R ~o#ALTLTELR
bhAPHEHTBORER SV TSEBRHNBHET
H5.
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Flow injection analysis of trace amounts of
iodide ion wusing a catalytic method. Toshio
DecucHi, Akira Tanaka, Isao Sanemasa, and Hideo
Nacar (Department of Chemistry, Faculty of Science,
Kumamoto University, 2-39-1, Kurokami, Kumamoto-
shi, Kumamoto)

A sensitive, rapid, and simple method has been deve-
loped for the determination of trace amounts of iodide
ion by means of flow injection analysis based on the
catalytic reduction of sulfatocerium(IV) ijon by
arsenic trioxide in sulfuric acid. A sample solution was
injected into a redistilled water stream which flowed
together with the pre-mixed cerium(IV) and arsenic
trioxide in sulfuric acid solution. The sample in the
reagent stream was first heated to 60 °C to promote
the reaction and then cooled to 20 °C before being
passed into a flow cell. The detection is based on a
discoloration of the trisulfatocerium(IV) complex at
312 nm by spectrophotometer equipped with the flow
cell(volume 8 pl, light path 10 mm). The optimal
conditions were as follows; cerium(IV): 1.30x10-3 M
in 1.00 M sulfuric acid (flow rate, 1.06 ml/min),
arsenic trioxide: 2.40x10-2 M in 1.00 M sulfuric acid
(flow rate, 1.07 ml/min), flow rate of redistilled water:
4.22 ml/min, reaction time: 0.67 min, reagent mixing
tube: 180 cm (0.2 cm i. d.), heating tube: 136 cm (0.2
cm i.d.), cooling tube: 67 cm(0.2 cm i.d.), sample
volume: 2.69 ml. A linear relationship was obtained
between the peak height(absorbance change based on
a discoloration) and concentration of iodide ion in the
range of 0~50 ppb. The detection limit (§/N: 2) was
1 ppb iodide ion. The sampling rate was 30 samples/h.
The reactivity of the sulfatocerium(IV) complexes
varied with the number of ligands. The trisulfato
complex showed a remarkable catalytic reactivity,
whereas the monosulfato complex showed no obvious
reactivity. It was found that thiocyanate ion showed
high positive interference. Iodide ion in rainwater was
determined by the standard addition method without
preconcentration. The iodide ion content in rainwater
was (1~2) ppb (R.S.D.<10 %).

(Received Apr. 5, 1982)

Keyword phrases

flow injection analysis of iodide; catalytic reaction;
determination of iodide in rainwater; spectrophoto-
metry.





