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Fig. 1 Flow injection analysis system for catalytic
determination of fluoride ions

P;~P;3: Pump, DT : Damping tube (3mm i.d., 20
c¢m), MT : Reagent mixing tube(l mmi.d.,1 m),RT:
Reaction tube (I mm i.d., 3m), 1:Sample injector
valve (Sample volume : 235 sl), D : Spectrophotometer
(light path : 10mm), R : Recorder, R;: XO or MTB
solution, R : Zirconium solution, T : Thermostat
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Fig. 2 Effect of hydrochloric acid concentration
in Xylenol Orange(XO) or Methylthimol
Blue (MTB) solution on peak height
Concentration of injected fluoride jons: OA 0.2 ppm,
®A 0.5ppm; O@:XO; AA:MTB; Concen-
tration of XO or MTB : 1.0Xx10-¢ M; Zirconium
solution : 2.0X10-4M in 0.06 M HCI
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Fig. 3 Effect of molar ratio of zirconium to XO

or MTB on peak height

Concentration of injected fluoride ions: OA 0.2 ppm,
@A 0.5ppm; O®@ 1.0x10-4M XO in 0.6 M HCL;
AA 1.0xX10¢M MTB in 0.5M HCl; Zirconium
solution : 1.0~4.0x10-¢M in 0.06 M HCI
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Fig. 4 Effect of temperature on peak height

Concentration of injected fluoride ions: OA 0.2 ppm,
@A 0.5ppm; ©AN Absorbamce of base line; O@Q
1.0x10-¢M XO in 0.6 M HCl; AALD 1.0X10-¢M
MTB in 0.5M HCl; Zirconium solution: 2,0x10-¢
M in 0.06 M HCI
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Fig. 5 Response obtained in MTB-zirconium
‘system

Concentration of injected fluoride ions (ppm) : a 0.1,
b 0.2, ¢ 0.3, d 0.4, ¢ 0.5, MTB solution: 1.0X
10-4M in 0.5M HCI; Zirconium solution : 2,0X10-4

M in 0.06 M HCIl; Temperature : 15°C
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Table 1 Effect of diverse ions on the determination
of 0.25ppm fluoride
Species Concentration, H/Hy x 100
ppm %o 1B
Al3e Py p .
2.5 o 32
0.25 28 o
Ca 25 100 100
Co?* 25 9 o7
Cutt B 28 —121
2.5 79 59
0.25 100 o8
o % 9 102
Fes* 25 118 203
2.5 99 100
K 25 101 99
Liv 25 102 100
Mg?* b 101 102
e 5 9% 101
~ % 98 101
NH,+ 95 % %
Niz+ 95 % 104
Pb2* 25 ot o
Zor B 92 101
ar- 25 100 o
Br- 25 o %0
I- 25 97 "
NOs~ 25 ot o
NO.- 25 101 97
C104- 25 os -
CO32- 25 o8 -
5052 25 —138 -178
2.5 292 10
0.25 93 86
80, 2- 25 5 e
2.5 91 8l
0.25 96 96
8i04- 25 7 »
2.5 9 o
PO » 7 137
2.5 13 16
0.25 95 92
Acetate 25 % 01
Tartrate 25 — 80 o
2.5 97 163
0.25 103 115
Citrate 25 ~115 o
2.5 49
0.25 85
Oxalate 25 259 436
2.5 143 231
0.25 100 101

H : Peak height of 0.25 ppm fluoride in the presence of the diverse
ions; Hp: Peak height of 0.25 ppm fluoride in the absence of
the diverse ions. A negative value of (H/H;) X100 means that
the absorbance corresponding to the peak, H, is lower than the
base line absorbance.
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Table 2 Analytical values of fluoride ions in natural
water samples

This value, La-ALC method, Ion chromatography,

Sample ppm ppm ppm

Spring water

A 0.52 0.51 0.48

B 0.58 0.58 0.55

C 0.59 0.58 0.56
River water

D 0.49 0.53 0.50

E 3.0 3.0 2.8

F 0.07 0.07 0.09
Well water

G 0.13 0.16 0.13

La-ALC : Lanthanum-Alizarine complexone
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Flow injection analysis of fluoride ions using
catalytic reactions. Kei Topa, Isaoc SANEMASA, and
Toshio Deguchr (Department of Chemistry, Faculty of
Science, Kumamoto University, 2-39-1, Kurokami,
Kumamoto-shi, Kumamoto, 860)

Rapid and simple methods have been developed for
the determination of fluoride ions by means of flow
injection analysis based on the catalytic reactions, where
fluoride ions act as catalyst on complex formation of
polymerised zirconium with xylenol orange (XO) or
methylthimol blue (MTB). Respective solutions (flow
rates : 0.5 ml min—') of 1.0x 104 M XO (0.6 M HCI)
or MTB (0.5M HCI) and 2.0x10~*M zirconium
tetrachloride (0.06 M HCI), which had been allowed
to stand overnight, were mixed in a mixing tube (1 mm
id., Im). On the other hand, a sample solution
(235 pl) was injected into a carrier stream of water
(flow rate : 2.0 ml min~1), and it was allowed to flow
together with the premixed reagent stream. After
passing through a reaction tube (1 mm id., 3 m),
absorbance due to the formation of zirconium-XO or
-MTB complex was measured at 550 or 586 nm by a
spectrophotometer equipped with a flow cell (light path
10 mm). Under these conditions, 0.01~2 ppm of flu-
oride ions can be determined. The detection limit
(S/N=2) was 0.01 ppm, and the sampling rate was 40
samples/h. The effect of diverse ions was studied, and
the existence of aluminium(III), copper(II), iron(III),
sulfite, sulfate, silicate, and organic acids was found to
interfere to a great extent in determining fluoride ions.
So, it is necessary to distil fluoride ions as hexafluorosilicic
acid before determination. The method was applied
to samples of natural water, and the applicability of
this method was confirmed from the comparison with
the results by lanthanum-alizarin complexone method
and ion chromatography.
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