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Fig. 1 Schematic diagram for flow injection

analysis of bromate ion

C. S. : carrier (water); R. S. : reagent solution
{iron (IIT) -iron(II) (0.01 mol! dm~3)-bromide
(0.4 mol dm~38)-sulfuric acid(1.2mol dm-3)};
P : peristaltic pump (flow rate : 0.9 cm?2 min—1?
for C. S. and R. S.); A :air-damping tube
(I mm i.d., 600cm); S : sample injector (sam-
ple volume : 140 mm3); M. T. : Mixing tube
(teflon tube, 0.5 mm i.d., 50cm long); R.T.:
reaction tube (teflon tube, 0.5mm i.d., 160
cm long); D : ORP electrode detector; C:
confluence point; W : waste. Temperature
of R.S. and C. S. was controlled at 30+0.5°C
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Fig. 2 Potential change of the ORP electrode by

an addition of the bromate solution to the
iron (III) ~iron (II) buffer solution (without
bromide ion)

To 20 cm?® of 0.01 mol dm~3 Fe(III)-0.01 mol
dm~-3 Fe(II) buffer solution was instantly added
20 cm?® of the BrQs- solution which contains
H2SO4 at 0.6 mol dm~3. Concentration of the
BrOs- solution added : (a) 0, (b) 1X10~4mol
dm-3, (¢) 2x10-4 mol dm~-3, (d) 3X10~4 mol
dm-3, () 4X10-*mol dm-—3

15¢

o 12z 3 4
Br0;—/10~¢ mol dm=3

Fig. 3 Relationship between potential changes AE

and bromate ion concentration

1) Open circlées : observed potential changes
after the reaction of 8 min. The reaction (1)
was assumed to be concluded after 8 min-
reaction (See Fig. 2). 2) Solid line : the
potential change calculated according to Eq.
(ITI) based on reaction (1).

BrO;- + 6Fez+ 4+ 6H —

Br- + 6Fe?+ 4 3H,O
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Fig. 4 Potential change on the reaction of the
bromate ion with iron (IIT)-iron (I1) buffer
solution (containing bromide ion) as a
function of time

Fe(II)-Fe(II) buffer solution : 0.01 mol dm-3
(containing 0.4 mol dm~-3 NaBr and 0.6 mol
dm~-3% H2SO4). Concentration of the BrOs-
added : (a) 0, (b) 1X10-¢moldm-3, (¢) 2.5
X 10-¢ mol dm=-3, (d) 5X10-¢ mol dm-3, (e)
7.5X10-%mol dm~-3. The experimental con-
ditions were the same as those in Fig. 2.
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E°(Bry=/Br-) =1.05V -eeveininini, (b)’
2o
Fe3+ + e 2 Fez+
E°(Fe3* /Fez+) = 0.771V  ceeeeeennnns (c)

KAGAKU Vol. 35 (1986)

TIT, E°C RThZThoBEEEMYTHD. .
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mol dm~2) DRFE 1 + v & HINL B ED BAEL
ZRWMLTAHRD &, B EREE L Fig. 4 o4 LR
RS CTRETH - 7. X, B E#Hiw iz 10-5mol
dm=3 [f ko BFREE A 5+ v HHENT 5 & BRI R
%73, 10-¢mol dm-=3 BEE DRI TILEBME(LITE & A
ERDbRigm ot ZDZ & ARERC KT S B(L
WA F v DHRERTIDTHB. 6-T, AREBKD
Ba, REX@) &S5 BEOERIEBN ERCES
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BRI BEEHEOBE L RZRAKETHIL LEL DR S
2, ARBERCIIRMA A VRSB EATHEDT
KOG ORIEHEZ Y, (b) OFENRKTHA 5. &
KEOEMBETIRO6) CXsrdorHXhs.

Brg- (or Br,) + 2Fe2+
—— 3Br- (or 2Br-) + 2Fes+

He, AREREBREEROBAEMELY HEL 72
BE, ABEHROIR IV ZLOEITZLSHL DO KRT
565, ThiXAX@ OFIE»A(2) Xv b HE TH
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VOBRERESTINFTTRLGHFEINDIN, TOLDIC
BB REREOREN HLETHS. FIA RTIHR
EEoEXH 5L Fig. 1 © C. S. Xt R. S. 0¥
WEE2HC LX) RGKE* 2FMTcEs. 22T
BREEORIEZE 2 CTRIDHKHEZE(L I, T7hb
bREEEE 0.9cmPmin-t) #—E &L LT, RIEE%R
25~255 cm DENWCE 2 1A O RIGHHE &8 — v
ABRHE (D) 2BBTBEOBMNEL (€—27EI)
EDOBRERE A DRED BERE A A V& AVTGRN.
FoREY Fig. 5 ©R¥. K 50cm (ZoE Xt
# 3.25 HoRIEECHEYT5) I CERMAELIIR

701
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Fig. 5 Relationship between peak heights and the
reaction time
Reagent solution : 0.01 mol dm-3 Fe(lID-
Fe(II), (0.4mol dm-% NaBr, 1.2mol dm-3
H2SO04). Concentration of the BrOs- : © 1X
10-¢ mol dm-3, (P 2X10-¢ mol dm-2, O 3X
10-¢mol dm-3, @ 4x10-8mol dm-3. The
experimental condition is the same as that in
Fig. 1. Length of reaction tube is varied from
25cm to 255cm. The reaction time was cal-
culated based on lengths of the reaction tube

and flow rate.

¥ r r oo RIGERE C.S. ofihohicEAXIKE
KBBCHCBBRLESLRE>»D, B (D)
OEBHICHET ST COMRMEEKT 5.

Kil, S4E, UK, AR HEEAEBR A A vDOT7e—A v T/ s vBNESR 35% -

K€, B, KIEEEZEL T5 LBAELRABCHED
T5. Zhix, Xy FROBEENOFHINDZZLTH
5. ok, BAOBRALCRTERCAH S Ao SBROER
NEZLRS. LHL, ZOBREORINEDORI TR
Bo 48u hEG. bbb RIBED £3% 255cm
(RIGHEE : #7 16.6 ) LR LT ABv—v of
B D 3RHE T 1.2 BETH - 7.
REBELC— 7B LOBRYERIEFTILR S »
» P L Fig. 6 &wRd. (a)ZBRWTC, WTFhoRIEE
DR THBEMBIIREEEZ R TREEO B LR
ELTW5. #oT, RGENEEY, ThbbR
ERENECE ERBERE (Y- 27&3) |V L
L, REHREL v — 7 B3 LOBOERBEFEIR. ©
— 7 BIDOHEHERP R~ ABMORERIRIEEOR
ETH 100cm Ll E, T7hbb# 6.5 B ko RIGH
OB ENRIFTH 5.

3.3 Jn—% CHTF EEHHEHOK M- @) 1
Fr, RitA* > RURRREOER
7 r —REBTHEMENL (¥-275) ROBHEE

Peak height/mV

0 1 2 38 4 5 6
BrO;=/10—% mol dm™3

Fig. 6 Effect of length of reaction tube on the
peak height
Length of reaction tube (cm) : (a) 25, (b) 50,
(c) 85, (d) 120, (e) 160, (f) 210, (g 255.
. The experimental condition is the same as
that in Fig. 5.

B AHBERROLSICLTRDRZ. R ERLENIIC
HLTEERBOEMEIL (H?) ko5, KT,
FBEEOCRABKOEAAKTE 140mm? ([Tki) 5 EAL
Flbovr—/sm(H) 2BEL<o#E D (=H°/
H)1 8.
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T A RERE S OBEOHEBC OWTKRR L. %
F, SN E&(ID) A voOBEERY 1:1 21, &
SpEEES 0.0l moldm~3 »+ 55 5% 10-3, 1x10-%mol
dm-? FPA XD EE— 7 EIIHMTHN, TAY
v VB E L b T kRS . Fre gk () -gk (I)
PEELWHBBEORLT ) Y ABROBEILT A
)V IRREL, BAMEISEBAED DN — ABACER
THORHK 30 SEEELK.

re, B a A+ viBRE L ©— 27 B LoBfRIOW
Ty, Biea A+ vigESY 1x1073, 5%x10-3, 5x10-2
mol dm=-3 Li#fjn&s5 &, 10-¢moldm-* FED AR
BB A A VKT A - 2 EBRHMT S Z EARDBR
7-4%, 0.1~0.5mol dm~3 DFFHD R~ + vIBER
BHEE—I7BITBE—EEER L. B, BEY
W3 e -7 BB TAEEN R b hi. i
35, 0.4moldm-3 DEALY 1 A v & ¥ AREK
R 7o B4, B TREEX 4x10-7mol dm~3 (&
HEAL: 1.5mV) Thot. ZOEERT B4 1 4+
& ¥\ BEBKEYHVICEE O RIETREE (1x
10-5mol dm~-8) L [T, BHEEE (¥—7 &) &
LT# 25 5B\ .

X, ARBEEOBE, MBRBRESHENTLICHH-TY
— BRI MT A, 1.2moldm-8 P Gt v¥—7
BRRE-E L.

3.4 BEAE

3:2, 3-3 OBFO/RELEEL T, & FIA ZOEHE
HPEREE LT 222 #RELI. ThicES%, #
BOBEORRERA & VEERKREBEVELEALLL
EoEY— 7 Of% Fig. 7 o (A) FHweRT. 1x
10-6~5x 10-¢mol dm-2 D CIT RBHBE L v©—7
EXLoMcinidERBERRE bR, B, BRE
Tl D LBEARCEE TR, EEBRSKCOVTOR
HEEEEL 6mV/10-¢moldm-3 TH 5. EEHK O~—
ABMOEEHL 0.7mV ITTHD. FY 7 bk 2.3
mV/h JHTH -7, 3x10-¢moldm-2 DFBEHED
B LOHT Lo & o xEdER£L 0.98% (n=9) TH
wt. C. S, Bt R. S. offi#EA 0.9cmdmin~! D
B, IFEERERG 10 R TH -7

35 HEAFTVOEREUARELOHER

BAVERICEThTWS 1 vk Ek 14+ v
(BHE 1~3%), V vEBAF VYR O BEEA 4 vigEhiE
TFohTwad., 22T, ZhbDA+ vERVEEA
* v LEEEE A A v OB Y 3x10-¢mol dm-3 D F
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Fig. 7 FIA peaks for bromate ion

(A) : calibration peak; (B) : effects of diverse
anions on the calibration peaks of 3X10-¢
mol dm~-3 BrOs-. Concentration of coexisting
anions in (B) : (@ 3%X10-3mol dm-2 CI-,
(b) 3%10-3mol dm-3 NOs~, (c) 3X10-3 mol
dm-8% SO43-, (d) 3x10-2mol dm-3 PO43-,
() 3x10-*mol dm-3% NO:z-, (e)’ 3x10-5
mol dm-2% NO2-. The experimental condi-
tion is the same as that in Fig. 1. Sampling
rate is ca. 40 samples per hour.

COWCHNT. FoEES Fig. 7(B) iR, (a)
A A v, (D)IIREER T A v, (c)3BRERA A v
BO(d)izy vBRA A v ORFOBETH D2, RFEER
A VDOROBEDE—I7 GBI LRERULBITHS.
Thbb, ThbDA A VITEER 1A+ O 1000 £
DEETHHEH10HET, WTFhigELRWZ &
FRL TS, foid, HEEBAA Y (e) (e)' vk 100
EEOIIETH 70%, 10 5EOIKFTH 3% BEDIE
BEAY/RNLI.

BREMHFEEL LTED bR T3 16 &Y LK
BT 5 &, IC LT ERBRFEBEM 1ppm (7.8
x 10-¢mol dm~-3), /P LHEFRFEIIFRBEAR 4~T7 &
MITehn. X, Hita A vIETIRIAE>ET S L
BERTWE. ZnbDEND, BEDIF S NEETIIL
PEH, XNAETHS.
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Potentiometric flow injection analysis of trace
bromate based on its redox-reaction with the

iron (II) -iron (I) buffer solution containing
bromide. Hiroki OnHurA, Toshihiko ImATO*, Sumio

Yamasaki** and Nobuhiko IsmiBasmr* (*Department
of Applied Analytical Chemistry, Faculty of Engineering,
Kyushu University, 6-10-1, Hakozaki, Higashi-ku,
Fukuoka-shi, Fukuoka 812; **Department of Industrial
Chemistry, Faculty of Engineering, Kyushu Sangyo
University, 2-327 Matsugadai, Higashi-ku, Fukuoka-shi,
Fukuoka 813)

A rapid and highly sensitive method for the de-

Kilfl, 41, WK, FHR HEEEBRAAVOIr—A v P72 a VEMESH 355

termination of bromate ion has been developed by
applying to potentiometric detection of the flow injec-
tion technique (FIA). The method was based on the
transient change of the potential in the redox-reaction
of bromate ion with the iron(III)-iron(II) potental
buffer solution containing bromide ion and sulfuric
acid. The sample solution (140 mm?) injected into a
carrier water stream is, at a confluence point, merged
with the stream of the buffer solution containing sulfuric
acid (1.2 mol dm=3%), sodium bromide (0.4 mol dm~3)
and the iron(Ill)-iron(II) (0.01 mol dm=3%). The
reaction takes place during flowing of the sample zone
through the reaction tube to the flow-through type ORP
electrode detector. The potential change is observed
as a peak-shaped signal. A linear relationship between
the peak height and concentration of bromate ion
was observed in the range of 1x10-% to 5x 10-¢ mol
dm-3, At the sampling rate of ¢ca. 40 samples per hour,
the relative standard deviation was 0.989; (n=9)
for the determination of 3 X 10—¢ mol dm~3 bromate ion.
Chloride, sulfate, nitrate and phosphate ions in 1000
times excess to bromate did not interfere with the
determination of bromate ion.
(Received October 11, 1985)
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