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DEVELOPMENT OF FLOW INJECTION ANALYSIS SYSTEMS
WITH CONDUCTOMETRIC AND RADIOMETRIC DETECTORS

A Research Project supported by Thailand Research Fund.

Kate Grudpan
Institute for Science and Technology Research and Development and Deparntment of
Chemistry, Faculty of Science, Chiang Mai Univeristy, Chiang Mai 50200.

Abstract

This research project was aimed to develope flow injection analysis (FIA) with
conductometric and radiometric detection systems, including some new analytical
procedures by making use of them. Some designs both simple and more complicate
conductometric detection systems have been laboratory made.  Unfortunately a
commercial radiometric detector (Packard FLO-ONE) which is normally used for HPLC
and which was planned to be adapted for FIA was accidentally out of order. A
" spectrophotometric detection system has also been applied.

Flow injection analysis (FIA) systems for some organic acids were investigated.
Continuous changes of either conductivity or absorbance were monitored for
conductometric or spectrophotometric FIA respectively. For acetic acid in vinegar
samples, simple FIA systems (both conductometric and spectrophotometric) using
aqueous ammonia or sodium hydroxide / phenolpthalein reagents. Acidity of fruit juice
(expressed as citric acid content) using a FIA system with a gas diffusion device to
avoid interferences from salt and sugar was proposed. A sample was injected into a

stream of ammonia solution ( donor stream) but involving a continuous monitoring of



conductivity due to acceptor stream ( acetic acid ) . A spectrophotometric FIA for the
citric acid content was sisnilar to the one for acetic acid. Suitable solvents for vegetable
oil for conductometric FIA for free fatty acid (expressed as oleic acid content) were
investigated. FIA for procedures for ascorbic acid content in a vitamin C tablet were
developed. A conductometric FIA was similar to the one of acetic acid (acid-base
neutralisation). A redox reaction of ascorbic acid with permanganate which cannot be
used for batch procedure due to its unstability can be applied in a FIA method with
absorbance monitoring. A FIA procedure to determine iodine number of a vegetable oil
sample was adapted from the standard Hanus method but titration was replaced by FI
spectrophotometric determination of iodine.

Flow injection in-valve solid;i)hase extraction microcolumn for on-line
preconcentration and separation of wranium was introduced. A novel chromatographic
resin (U/TEVA. Spec ) was applied.

Optimisation for all FIA systems were studied. Advantages of the developed
procedures are discussed.

This research is an example of a sustainability research.
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Abstract

A simple flow injection determination of free fatty acid in vegetable
oil samples is proposed. The method is based on continuous monitoring
of conductivity change. A solution of a sample in isopropanol is injected
into a stream of sodium hydroxide in aqueous isopropanol, merging with
" another stream of aqueous isopropanol to decrease its viscosity before
entering the flow—cell. The detection limit is 0.010 % w/v oleic acid. A
through-put of 180 h™' and an RSD of 4.2 % (at 0.10 % w/v, n=12) are
obtained.
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1. Introduction

The acidity or free fatty acid content is a measure of quality of an
oil and fat for assessing the sensory properties and deterioration [1].
Although a conventional titrimetric method has still been used as a
standard method [2], attempts have been made to develop continuous
methods for automation. Flow injection analysis (FIA) has been applied
for the determination of free fatty acid. Both FIA [3] and flow-reversal
injection {4] solvent extraction concerning copper(Il)-free fatty acid
complex formation with spectrophotometric detections have been
reported. Spectrophotometric flow injection titration based on the
neutralization of the acid with potassium hydroxide in the presence of
phenolphthalein in ethanol-diethyl ether media has been developed [5].

In this work, conductometric flow injection determination of free
fatty acid in vegetable oil samples using a simple instrument is proposed.
The acid is neutralized by sodium hydroxide in aqueous isopropanol.
Changes in conductant are continuously monitored using a home-made
flow-through cell and differential conductivity meter. The proposed
procedure which is very simple and fast has been applied for vegetable oil

samples.
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2. Experimental

2.1 Solutions

All chemicals of analvtical reagent grade and deionized water were
used. Stock standard free fatty acid-solution was 5 % w/v oleic acid
solution in isopropanol by dissolving the acid (5.00 g, Merck, Germany)
in tsopropanol to make a volume of 100.0 ml. Other concentrations of
{ree fatty acid were prepared by appropriate dilution of the stock solution
with 1sopropanot.

The reagent was 0.05 g I'' sodium hydroxide in 15 % v/v aqueous
isopropanol. Sodium hydroxide (0.05 g, Merck, Germany) was dissolved
in an aqueous solution (15 % v/v) of isopropanol (Merck, Germany).

Carrier solution of 50 % v/v isopropanol/water was used.

Sample solution preparation. A sample was weighed and

dissolved, then made to 100.0 ml with 1sopropanol.

2.2 The flow manifold

The manifold is depicted in Fig. 1. A FlAlab 2000 (Alitea, USA)
consisting of a peristaltic pump for propulsion of solutions, an injection
valve with 80 ul sample loop was used. The valve was connected to a
suction system using an aquanium air pump, as described previously [6].
A standard or sample was injected into a stream of the reagent (sodium
hydroxide in 15 % v/v aqueous isopropanol flowing through GBC1 a

mixing device of a single string glass bead column (2.5 mm diameter
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beads packed in a silicone tubing of 3 mm inner diameter) [7]. The
stream merged with another stream of 50 % v/v aqueous isopropanol in
order to decrease the viscosity. After passing through GBC2, another
glass bead column, the stream was passed through the home-made flow-
through cell of conductometric detector which was connected to a chart
recorder (Philips, PM 8251, Holland).

2.3 The conductometric detection system

The detector was a differential conductivity meter, similar to that
described by Rohwedder and Pasquint [8]. In stead of using two flow
through cells for measuring the difference in conductant values of the
flowing solution at the points of up-stream before chemical reaction and
of the down stream after a chemical change, a continuous monitoring was
made for the conductivity change of the down stream at the point of
detection (a flow through cell) with respect to a vanable resistor but fixed
to an optimum value. It was composed of (a) Wein bndge, (b) measure-
ment bridge with instrumentation amplifier and circuit for sensitivity and
balance adjustment and (c) precision rectifier and output buffer. The out-

put signal was converted into mV.

The flow-through cell (Fig. 2) was made of an acrylic block
{12x15x47 mm) having a 3 mm diameter channel connecting to the FIA
stream line. Two copper electrodes (2 mm diameter) which were of
pieces of the core of lead power cable without any modification) were

fixed : one opposite to the other in the channel.
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¢

3. Results and discussion

An appropnate sclvent for dilution of a vegetable oil sample for the
determination of free fatty acid is required, especially by means of
conductivity measurement. In this work, in comparison to the previous
report, isopropanol is chosen in term of its being non-hazardous to an
operator, environment and/or a component of the Fl-analyzer, such as

toluene [3], ether-ethanol mixture {5].

3.1 Optimization of the flow system

For optimization, the parameters, kept constant, were: flow rate
5.8 ml min'; GBC]1, 5 cm; GBC2, 10 cm; the stream C, 50 % v/v
isopropanol/water; solvent for sodiom hydroxide stream (R), 15 % v/v
aqueous isopropanol; a series of standards injected, 0-0.25 % w/v oleic
acid. The effect of sodium hydroxide concentration, shown in Fig. 3,
indicates that 0.05 g 1”' sodium hydroxide should be the most appropriate
concentration as the best slope may be resulted for 0-0.15 % w/v free
fatty acid. When the flow rate was varied from 2.8 to 7.3 ml min™, the
flow of 3.9 m! min™' should be selected for both streams at it yields the
best slope (Fig. 4). The 5 cm of the glass bead column, GBC1 s found to
be most appropriate among the 0, 5, 10 and 15 ¢m in length studied
(Fig. 5), while 15 cm for the GBC2 (Fig. 6).
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3.2 Calibration curve and determination of free fatty acid in vegetable
oil samples

Under the optimum conditions studied, a calibration graph is linear
at least over the range 0-0.15 % w/v free fatty acid as oleic acid
(y=61.40x+4.87; r = 0.999 ; n=4, triplicate mjections each).

The method developed was applied to determine the free fatty acid
in vegetable oil samples. The results obtained agree with the ones
obtained by the standard titrimetric method [2] (Table 1).

The 3o detection limit is 0.010 % w/v free fatty acid (as oleic acid)
with a relative standard deviation 0of 4.2 % (n =12, 0.10 % w/v). Itis
possible to achieve a through-put of 60-65 samples h™! (triplicatc) or 180

injections h™.

4. Conclusion

The FIA method which has been developed for the determination of
free fatty acid, based on conductometry is extremely simple regarding
both chemistry and the instrumentation needed. Two of FIA’s inherent
advantages, the ease of automation and the high sampling frequency,
make it suitable for application to industrial processes and quality control

for the manufacture of vegetable oil.
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Fig. 1 Fl-conductometric manifold; R = sodium hydroxide in 15 % v/v
aqueous 1sopropanol; C = 50 % v/v isopropanol/water; GBC1 and
GBC2 = glass bead columns; Rec. = recorder.

Fig. 2 Home-made flow through cell.

Fig. 3 Effect of sodium hydroxide concentration on peak height; (a) 0.25,
(b)0.13, () 0.063, (d) 0.050 and (e) 0.025 g I\

Fig. 4 Effect of flow rate; (2) 2.8, (b) 3.9, (¢) 5.8, and (d) 7.3 ml min™".

Fig. 5 Effect of glass bead column 1 (GBC1); (a) 0, (b) 5, (c) 10 and
(d) 15 em.

Fig. 6 Effect of glass bead column 2 (GBC2); (a) 0, (b) 5, (c) 10 and
(d) 15 cm.



Table I Companson between FIA and htrimetric methods [2], all results
arc the means of triplicates.

sample free fatty acid (% w/w)
FIA Titration
St 0.072 0.079
S2 0.009 0.007
S3 0.010 0.010
S4 0.007 0.007
S5 0.009 0.010
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