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Abstract

Sequential injection with “Lab-at-Valve (LAV)” approach is demonstrated for potentiometric determination of chloride. The LAV flow-
through electrode system consists of two Ag/AgCl electrodes: one as a reference electrode, silver chloride activated surface-silver wire soaked
in a constant-concentration chloride ion solution in a small tube covered with a polymer-membrane, another as a working electrode (a similar
silver chloride activated surface-silver wire) placed in a flow channel. The electrode system is attached at one port of a 10 port multiposition
valve. A modified autoburette was used as a propelling device. Using S| operation via a program written in-house, based on®, @VIEW
standard/sample is inserted, via the selection valve, in potassium nitrate as an electrolyte and water is used as a carrier. The zones are transporte
from the holding coil to the flow cell to monitor the difference in potential due to concentration cell behavior. The potential difference is then
recorded as a peak. Peak height is proportional to logarithm of chloride concentration. The SI-LAV for chloride determination is very simple,
fast, precise, accurate, automatic and economical. Applications to mineral drinking water and surface water have been made. The results agree
with those of IC and titrimetric methods.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction quential injection analysis (SIA%,6], SIA with lab-on-valve
(LOV) [7] and micro total analysis systems (n.TAS) or lab on
Environmental-friendly analytical procedures are in de- a chip (LOC)[8].
mand for today’s analytical chemistry. Green analytical The wTAS concept initiated by the group of the late Wid-
chemistry concerns the use of non-toxic chemicals, with mer[8] in 1990 has become an active research area today.
smaller amounts of reagent and hence less waste generatedlthough, this approach provides fast analysis using minute
and with high throughput analysis with a high degree of au- amounts of sample and reagents, the production of the chip
tomation and portability. To meet these requirements, various platform needs advanced, expensive facilities, which are not
approaches based on flow analysis have been developed taffordable by most laboratories, and the application of the
miniaturize and automate analytical systems, such as flowtechnique to real samples is still limited.
injection analysis (FIA)[1-3], multi-syringe FIA[4], se- Ruzicka introduced a SI-LOV concef8f in 2000, to per-
form wet chemistry at microlitre levels with a relatively large
* Presented at the 12th International Conference on Flow Injection Anal- bore condulits, to aVOI(.j Surface.comammatlon and CIOgglr.]g'
ysis, December 7—13, 2003, Venezuela. The SI—LO\( was desgned to integrate sample_processmg
* Corresponding author. Tel.: +66 5394 1910; fax: +66 5322 2268.  channels with a multipurpose flow cell, and machined to per-
E-mail addressscijjkmn@chiangmai.ac.th (J. Jakmunee). fectly fit on top of a selection valve by replacing a stator

0039-9140/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.talanta.2004.08.007



790 J. Jakmunee et al. / Talanta 65 (2005) 789-793

plate and connection port of the valve. In this way, various
analytical processes, namely sampling, sample pretreatment
reaction and separation, and detection, can be incorporatet
onto an SIA valve. This approach is more tolerant to dirty
real samples than chip based approaches.

Carrier]

A simpler approach, S| with lab-at-valve (LAV) concept, iwaten

has been proposdd0,11]. This is employed by attaching = 2 =
a device integrating sample processing and detection units — " ; °
on a port of a multiposition selection valve, without taking ' R Lo —

Computer

apart components of a purchased valve. This makes the LAV
simpler than the LOV. The LAV unit can be built using an
ordinary and less precise machine tool, to have suitable func-
tions for chemistries of interest and with a nut that can plug (a)
in a port of the valve in the usual way. Such an integrated Reference electrode
LAV device compiling analytical process taking place in it
should be compact and economical comparing to a normal
SIA system. Various advantages similar to those of the LOV

Solution input

should be gained by using the LAV. In this paper we demon- from selection i

strate SI-LAV approach for potentiometric determination of valve . i
chloride with a simple made chloride ion selective electrode :
(ISE), which has been introduced earlier for use ifil~3], o

but with modification to use a Ag rod instead of tubular Ag ) o i

to make the electrode more easy to clean and replenish the
AgClfilm, andto store after use. The proposed potentiometric
system is simpler than the previously reported spectrophoto-getector
metric ones and does not require expensive or toxic reagents i O
e.g., silver nitratg5] or mercuric thiocyanatgs, 7]. () 100 100 100

Fig. 1. (a) Schematic diagram of the SI-LAV system; (b) Potentiometric flow
2. Experimental cell (LAV unit), the LAV plugged onto a port of the selection valve (45 mm
distance from the port to the working electrode, 1.0 mm i.d. channel); and
. (c) Sequence of solutions aspirated into the system; the values indicating
2.1. Chemicals volumes of the solutiongy).

All chemicals used were of analytical reagent grade. inserting a Ag/AgCl wire working electrode (WE) and an-
Deionized water (obtained by a system of Milli-Q, Millipore, other Ag/AgCl wire reference electrode (RE), and for carrier
Sweden) was used throughout. A chloride standard stock so-solution inlet and outlet. The channel for RE was separated
lution (0.2 M) was prepared by dissolving 5.8440 g of sodium from the carrier solution channel by a small VYCOR plug
chloride (Merck, Darmstadt, Germany) in water and making (BAS, Indiana, USA), acting as a salt bridge.
upto a volume of 500 ml in a volumetric flask. Working stan-
dard solutions of appropriate concentrations were obtained2.3. SI-LAV manifold
by diluting the stock solution with water. A potassium nitrate
stock solution (0.10 M) was prepared by dissolving 5.05gof  The SI-LAV system used is schematically depicted in
potassium nitrate (Merck, Darmstadt, Germany) in 500 ml Fig. 1(a). It consisted of an autoburette (765 Dosimat,
of water. Working electrolyte solutions of appropriate con- Metrohm Ltd., Herisau, Switzerland) equipped with a 10 ml
centrations were prepared by diluting the stock solution with exchange unit for the pumping system, connected to a per-
water. A ferric chloride solution (0.5 M) in 1 M hydrochloric  sonal computer via an RS232C interface, a ten-port multipo-
acid was prepared by dissolving 8.11 g of Fe@hhydrous sition valve with a microelectric actuator (C25-3180EMH,

(Merck, Darmstadt, Germany) in 100 ml of 1 M HCI. VICI, Texas, USA), and a LAV unit with two Ag/AgCl elec-
trodes, which are connected directly or via a potentiometer
2.2. Potentiometric flow through cell (744 pH meter, Metrohm Ltd., Herisau, Switzerland) to the

input terminals of a data acquisition board (AT-MIO-16X-
A potentiometric flow through cell was designed to be put 50 equipped with SCB-68, National Instruments, Texas,
on a side of a selection valve by plugging into one port of USA). The autoburette was connected to the center of the
the selection valve (the cell acts as the LAV unit) as shown selection valve via a holding coil (Tyg8itubing, 0.8 mm
in Fig. 1(a). The cell was made from a Perspex plastic block i.d., 4.0 mm o.d., 4.5m long, Cole-Parmer Instrument Com-
(seeFig. 1 (b)) by cutting and drilling to form channels for pany, lllinois, USA) and the LAV unit was placed at
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port-1 of the selection valve. Both instrumental control 3. Results and discussion

and data acquisition were manipulated via programs writ-

ten in-house based on LabVIE®%oftware (Version 6; Na-  3.1. SI-LAV components

tional Instruments, Texas, USA). This software provided

control of the volume to be dispensed or aspirated by the The SI-LAV concept was demonstrated for the determi-
autoburette, flow rate, selection of different valve posi- nation of chloride. A LAV unit, a flow through cell for po-
tions and performance of data acquisition. The SIA-gram tentiometric detection with a simple home-made chloride ion
data were evaluated for peak height by using Micrdoft selective electrode, could be fabricated small enough to put
Excel 97 software (version 8.0, Microsoft, Arizona, atone port of the selection valve (deig. 1). The upper port
USA). position was the most appropriate one to attach the flow cell
to the valve because it is easier to remove any air bubble,
which may be in the line out of the cell. A polymer VYCOR
plug was inserted between the reference electrode and the
flow channel in order to prevent leaking of chloride from the
reference solution. The LAV is compact in size and has var-
ious advantages that are similarly offered by a LOV system
[9]. However, the LAV can be assembled without taking apart
components of a purchased valve and is easy to build to be

was then washed with water and used as a working or a ref_suitable for chemistries of interest. Moreover, it can be fab-
9 ricated with relatively low-cost, less precise machine tools.

erence electrode by assembling each into the flow throughln this work, an autoburette was employed as an alternative

cell described above. A VYCOR plug served as a salt bridge inexpensive solution propelling device in place of a syringe
for the reference electrode, and the reference electrode was P brop 9 b yrng

. . ) pump. However, a solution volume of less than i0@an-
Ior?r:g?vrvsi’:g S'?atlégo mM KCI/0.01M KN@solution, unless not be aspirated due to the default setting of the autotitrator

to aspirate at least 1Qd volumes each time. The WE and

RE were connected directly to the signal and ground poles,

2.5. Procedure respectively, of an analog input of the interfacing board. Iden-

tical signal profiles were obtained by either connecting the

The solution aspiration sequence of the SI-LAV system electrode directly to the input of the interface card or by in-

is summarized infable 1and Fig. 1(c). First, the carrier  serting a potentiometer between them. This indicates that an

(H20) was drawn to fill all tubes. Then, a 100 portion impedance of the interfacing board input terminal was high

of potassium nitrate, 100 of standard/sample and 190 enough to detect the cell potential correctly.

of potassium nitrate solution, respectively, were sequentially

aspirated into a holding coil. Finally, the stacked zone was 3.2. Optimization

sent to the LAV unit to monitor for potential difference be-

tween WE and RE as the zone passed the WE, recording as a Due to limitation of the autoburette used, some parame-

SlA-peak. The potential difference is based on a concentra-ters were fixed: volume of electrolyte solution and sample,

tion cell, a difference in concentrations of chloride in the WE 100ul each, flow rate for aspiration and dispensation of the

and RE half-cells. A calibration graph was plotted of the peak solution, 15mimir®. The effects of concentration of the

height obtained as a function of the logarithm value of con- electrolyte (KNQ) solution and sodium chloride in the RE

centration of the chloride standard. Chloride concentration in half cell on the slope of the calibration graph for chloride were

a sample was evaluated from the calibration graph. In spite ofinvestigated. It was found that the electrolyte concentration

the slow operation of the autotitrator, the whole operating cy- did not significantly affect to the slope, intercept aRfdof

cle took only about 70 s for a sample. Replacing with a more the calibration graph, for the injection of a series of standard

efficient pumping device would resultin even a higher sample solutions as shown ifiable 2. However, the 0.01 M KN

2.4. Preparation of a Ag/AgCl electrode

A silver wire (0.5mm in diameter) obtained from a lo-
cal jewelry shop was used to prepare an Ag/AgCl electrode.
The wire was polished and cleaned just before immerging it
into a solution of 0.5M ferric chloride in 1 M hydrochloric
acid, to form a AgCl film on the electrode. The electrode

throughput. was selected to minimize the effect of ionic species due to
Table 1

SI-LAV operating sequence

Step Operation SV port Volume () Flow rate (ml mirr?) Flow direction

1 Aspirate electrolyte solution 9 100 15 To HC

2 Aspirate standard/sample solution 2-7 100 15 To HC

3 Aspirate electrolyte solution 9 100 15 To HC

4 Dispense to LAV unit and record signal 1 2000 15 To LAV

a SV = Selection valve.
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Table 2 Table 3
Effect of potassium nitrate concentration Chloride contents in mineral drinking water (triplicate determination)
[KNO3] (M) Calibration equation R2 Sample Chloride concentration (mM)
(0.60-2.80 mM Ct) " -
IC [15] SI-LAV

0.005 y = 0.053x— 0.047 0.999
0.010 y=0.051x— 0.029 0.999 1 0.30 0.37+0.01
0.025 y'=0.049%— 0.038 0.998 2 0.14 0.15+0.01
0.050 y=0.053x— 0.045 0.999 3 0.65 0.73+0.02
0.100 y=0.051x— 0.045 0.999 4 0.37 0.35+0.01

5 0.08 <0.10

6 0.06 <0.10

7 0.02 <0.10
sample matrices, which may affect the total ionic strength of 8 0.02 <0.10
the solution passing through the WE. For mineral drinking 0.17 0.20+0.01
water and surface water samples, this concentration of thel® g'gg 2'02% 0.01

electrolyte is sufficient for control of ionic strength of the
sample._ Lo . Center, Faculty of Science, Chiang Mai University.

Chloride concentration in the reference half-cell did not v ;ging the calibration equation of the range 0.10-0.80 mM. Qe
affect to the slope, intercept ai} of the calibration graph  jimit of quantitation is 0.10 mM.
(a plot of peak height (V)y) versus log (mM concentra-
tion of chloride standard solution) (x)). Using a reference Taple 4
solution containing 0.01 M KN@with 0.30, 0.80, 1.40 or  Chloride contents in surface water samples taken around a pickling industry

2 Analysis by routine laboratory of the Science and Technology Service

2.80 mM potassium chloride, the calibration equatigns: (triplicate determination)
0.051x— 0.030,R? =0.998,y = 0.051x— 0.032,R>=0.998,  samplé Chloride concentration (mM)
y = 0.051x— 0.032,R2 = 0.999 ory = 0.051x— 0.030, Tiration[16] SILAYP

R? = 0.998, respectively were obtained. A 1.40 mM chlo-

ride solution with 0.01M KNQ in the RE half cell was ; ;oflo ;éoff's
selected. 3 &+ 2 86+ 2
4 86+ 3 8+1
5 66+0 69+ 1
3.3. Analytical characteristics 6 66+1 68+1
7 7142 7142
8 50+1 45+ 2

Three linear calibration graph ranges, 0.10-0.80 mM (y
= 0.059x+ 0.120),R2 = 0_998), 0.80-8.40 mM (y 0.056x 2 Sample 1 = supplied pond water for the factory usage, 2-8 = surface
— 0.105,R* = 0.998) a-nd 10_120-m-M (? 0.060x-0.128, WabteLZ:‘irnogutnhdet:;iI?r(:t(i)c?r/\. equations of ranges of 0.80-8.40 and 10-120 mM
R? = 1.000) were obtained. Each injection consumgd;ﬂoo - : :
of 0.01M KNQOs; and 10Qul of standard/sample, with the
whole analysis time of 70s, which corresponds to sample
throughput of about 50t Relative standard deviations for  3.4. Application to water samples
11 replicate injections of 10—-40 mM chloride standards were
in range of 0.7-1.3%. Higher %RSDs may be obtained for = The developed SI-LAV system was applied for the de-
solutions containing chloride concentrations out-side of the termination of chloride in different commercially available
range. mineral drinking water samples from a market place in Chi-

The stability of the electrode was studied by continu- ang Mai, and surface water samples collected from around the
ous injection (about 300 injections) of a series of concen- vicinity of a pickling factory in Hang Dong district of Chi-
trations of chloride standard solutions (0.10-0.80 mM) and ang Mai. Analyses by ion chromatograpfib] and Mohr
some samples, for a period of time about 6 h. The slope of titration [16] were also carried out for comparison. The re-
the calibration graphs was quite constant ((406.01), in- sults (means of triplicate determinations) obtained are sum-
dicating a good stability of the electrode for at least 6 h. marized inTables 3 and 4. The results from the pairs of the
Although, the effects of some interferences have not beentwo methods correlate well with each other, except atlow con-
investigated here, the literatupg2—14]indicates that some  centrations of chloride. However, the t-test at 95% confidence
halides (I" and Br), sulfide, cyanide and some metal ions level indicated that the results obtained from the techniques
(FE+ and APt) have some interferences in the analysis are not significantly differerftL7]. The chloride contents in
by this kind of chloride ion selective electrode. However, surface water around the pickling factory were found to be
these ions are usually present in natural waters at relativelysignificantly higher than the raw water used by the factory,
low concentrations compared to chloride and do not signif- indicating that salt may be introduced to the surface water
icantly interfere, otherwise sample pretreatment is neededvia discharge water. More close investigation on this will be
[12-14]. carried out in our laboratory.
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