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Fig. 1 Sectional (a) and plan (b) view of a flow

electrolytic cell for ion transfer across a liquid/liquid
interface
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Alkaline earth metal ions

3L " T 7 T j T 1 3F T T T T J T X ]
I Ionophore : 12C4 | Ionophore : 12C4 @
2+ 2L i
I I (©)1
< 1+ 1- _
otk ol i
| » b
-1+ -1+ 1
-2 L L | 1 L 2 I . 1 1 | |
0 100 200 300 400 0 100 200 300 400
6 T T T T T T T 7 6C T T T T T Q T T ]
Ionophore : 15C5 L Ionophore : 15C5 (O
4t © @ © 4 4f -
i 2 - . 2_— —
~ 0 1 ok ©®
2 4 -2k i
-4 I 1 . ] ! I -4 I ! . 1 1 !
0 100 200 300 0 100 200 300
6 N T T T T T T T T ] 6 C T T T T T T T (.)l ]
| Tonophore : DB18C6 © © | Ionophore : DB18C6 ; |
4l .
37
: -
ol
ok 2k i
[ . 1 L 1 L] [ . I 1 1 L
0 100 200 300 400 0 100 200 300 400
AY@p/ mV AY¢/ mV

Fig. 2 Cyclic voltammograms for promoted ion transfers of alkali (left) and alkaline earth (right)

metal ions in the presence of ionophores

(a) Li*, (b) Na*, (¢) K", (d) Rb*, (e) GCs*, () Mg®*, (g) Ca’", (h) Sr*', (i) Ba?".

The

concentration of each ion was 100 uM. The supporting electrolytes were 10 mM MgCl, when 12C4

and 15C5 were used and 10 mM LiCl when DB18C6 was used.

at 1.5 mL min~" to the flow electrolytic cell.
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The sample solutions were pumped

Dialysis membrane with a molecular fraction weight of
50000 was put between the DCE and aqueous phase.
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Table 1 Voltammetric parameters obtained from the cyclic voltammograms in Fig. 2
, . : AAS D)/ D/
Ion Ionophore  A3$,./mV  A39,/mV  AY,/mV rflvf’ I./MA 10-5 oy -1

Na* 12C4 309 222 266 87 2.18 2.13
K* 15C5 194 121 158 73 3.64 5.93
Rb* 15C5 230 156 193 74 3.68 6.05
Ba?* 15CH 226 182 204 44 5.25 1.54
Sr?* 15C5 313 251 282 62 4.82 1.30
Cs* DB18C6 284 186 235 98 4.74 1.01
Rb* DB18C6 331 251 291 80 4.39 8.63
TEA* — 295 225 260 70 1.82 1.48
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Fig. 3 Comparison among the peak currents of the
alkali and alkaline earth metal ions obtained by flow-
injection amperometry

Each sample solution was an aqueous solution
containing 100 uM alkali or alkaline earth metal ion
and 10 mM MgCl,. A 500 puL of the sample solution
was injected.  The carrier solution was pumped at 1.5
mL min™'. The potential was fixed at 270 mV.
The dialysis membrane was put between the DCE and
the aqueous phase.
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Fig. 4 Effect of the flow rate of the carrier solution
on the flow-injection amperogram of TEA™

(a) 0.5, (b) 1.0, (c) 1.5, (d) 2.0, (¢) 3.0 mL min~".
The sample solution was an aqueous solution
containing 300 uM TEA® and 10 mM LiCl. The
carrier solution was 10 mM LiCl. A 500 pL of the
sample solution was injected. The dotted line
indicates the time when the injection was finished.
Inset: Flow-rate dependence of the peak current (/)
and the time from the injection to the peak (z,).
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Fig. 5 Effect of the membrane separating the DCE
and aqueous phase on a cyclic voltammogram (A)
and an amperogram (B) of promoted ion transfer of
Na* with 12C4

(a) cellulose dialysis membrane, (b) PTFE hydrophilic
membrane filter. A sample solution was an aqueous
solution containing 100 uM NaCl and 10 mM MgCls.
In the voltammetric measurements, the sample
solution was continuously pumped at 1.5 mL min~' in
the flow electrolytic cell. The scan rate was 5 mV
s ', In the amperometric measurements, a 500 UL
of the sample solution was injected in the carrier
solution (10 mM MgCl,) pumped at 1.5 mL min~".
The potential was fixed at 310 mV when the dialysis
membrane was used and at 350 mV when the

membrane filter.
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Fig. 6 Standard addition method for the
amperometric determination of Na* in soy sauce

(A) amperograms for the standard addition, (B) a
plot of the peak current I, against the Na®
concentration [NaCl]. The amperograms were
measured in the carrier solution (10 mM MgCly)
pumped at 1.5 mL min~". Sample solutions of 100
uL with different concentrations of NaCl were
injected.
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Table 2 Concentrations of Na* in soy sauce, determined by flow
injection amperometry and potentiometry with a Na*

selective electrode

Method

[Na*"]/M

Flow injection amperometry proposed in this work
Potentiometry with a Na™ selective electrode

2.99£0.14 (n=4)
2.78
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In this work, a flow electrolytic cell for ion transfer across a DCE/W interface was
manufactured from a block of Daiflon (Polychlorotrifluoroethylene resin). The cell was
compact, and had a structure in which the DCE and W phases were separated by a membrane.
To evaluate the cell performance, voltammograms of the promoted ion transfer of alkali and
alkaline earth metal ions were measured. As ionophores for the ion transfer, 12-crown-4,
15-crown-5 and dibenzo-18-crown-6 were employed. Based on the measurements, the cell was
improved, and various parameters (flow rate and the potential added) for amperometry were
optimized. Two membranes separating the DCE and W phases, the cellulose dialysis
membrane and the PTFE (polytetrafluoroethylene) hydrophilic membrane filter were tested.
When the dialysis membrane was used, ion-transfer occurred in the dialysis membrane at the
DCE/dialysis membrane/W interface. On the other hand, when the membrane filter was
used, ion-transfer occurred in the W phase in the vicinity of the DCE/membrane filter/W
interface. In practice, since the membrane filter was chemically resistant to DCE and
mechanically stronger than the dialysis membrane, flow-injection amperometry was carried out
with the membrane filter. Subsequently, the selectivity among the alkali and alkaline earth
metal ions was examined. As a result, it was confirmed that Na™ could be selectively detected
when 12C4 was employed. Based on this result, Na® in soy sauce was determined. The
determination value was 2.99*0.14 mol dm™® (n=4). The value of 2.99 mol dm~? was in
agreement with the certified value of 2.80 mol dm > within the 95 %-confidence limit. The
relative standard deviation was 4.7 %, which shows a reasonable reproducibility of this
determination method using the electrolytic cell. The flow electrolytic cell manufactured in
this work is easily handled, and can be used in actual analyses of various ions in the aid of flow
injection amperometry.

Keywords: liquid/liquid interface; promoted ion transfer; ionophore; amperometry; flow
injection analysis.



