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ABSTRACT

Sequential injection lab on valve, micro flow system and ultrasonic flow
injection chemiluminescence were developed for determination of some inorganic
species in water to achieve “Greener Analytical Procedures”.

A sequential injection lab-on-valve system with air segmentation was
proposed for determining copper(Il) using spectrophotometric detection. The
procedure is based on the reaction of copper(Il) and 2-carboxy-2’-hydroxy-5’-
sulfoformazyl benzene (Zincon) in a weak alkaline solution between air zones. The
method involved the aspiration of standard or sample solutions containing copper(Il)
and reagent to mix between the air zones in the holding coil by using the distribution
valve which is controlled by a computer. Copper(Il) and zincon in an alkaline
condition were reacted resulting in a blue copper(Il)-zincon complex between the air
zones. Then the product zone was dispensed through the detector, consisting of a

fiber optics spectrometer with a tungsten lamp light source where the light was



conveyed through the fiber optic cable to irradiate the sample in the flow cell on the
distribution valve. Subsequently, the signal was measured spectrophotometrically.
The calibration graph was linear over the range of 0.5 —2.0 pg ml™ copper(Il) with
a correlation coefficient 0.9991. The relative standard deviation was 2.0 % for a
series of 10 measurements of 0.5 ug ml™ copper(Il) solution. The detection limit (3
S/N) and the quantification limit (LOQ) were 0.05 and 0.17 mg I, respectively. This
method has been successfully applied to the determination of copper(Il) in
wastewater. The method is superior to the batchwise method in that it provides fully
automation, rapidity, less reagents and sample consumption with little waste
generation.

A micro flow system with a 3 dimensional optical sensor for the
determination of copper(Il) was designed and investigated. This system consisted of
a planar glass chip with a poly(dimethylsiloxane) (PDMS) top plate with a fixed
fiber optic probe as the optical sensor for monitoring of copper(Il) that reacted with
2-carboxy-2’-hydroxy-5’-sulfoformazyl benzene (zincon) in the tiny channel on a
chip. This design gave a satisfactory sensitivity with a linear calibration graph in the
range of 0.1 — 3.0 ug ml™” copper(Il) and a correlation coefficient of 0.9991. The
percentage relative standard deviation was 2.5 for 10-replicate measurements of 0.5
png ml™ copper(Il) solution and the limit of detection was 0.1 ug ml™'. This system
has been successfully applied to the determination of copper(Il) in wastewater from
the electroplating industry with less reagent and sample consumption and diminutive
waste generation.

A novel ultrasonic flow injection chemiluminescence (FI-CL) manifold for

determining hydrogen peroxide (H,O,) has been designed and evaluated. The



vi

method was based on the enhancement of chemiluminescence signal on the Co(II)-
catalyzed chemiluminescence(CL) reaction between luminol and hydrogen peroxide
by ultrasound. The enhancement of the chemiluminescence signal is believed to
occur through a process involving the sonochemically generated hydroxyl radical
(HO’) in a sample zone which leads to the more production of radical to reach in
luminol-Co(II) system resulting in an increased chemiluminescence signal of
hydrogen peroxide. The system was developed for determining ultra trace levels of
H,0; and a calibration curve was obtained with a linear portion over the range of
10 - 200 nmol I'' H,0, (correlation coefficient 0.9945). The detection limit (36) and
the quantification limit (LOQ) were found to be 1x10” and 3.3x10” mol 17,
respectively and the relative standard deviation was 1.37 % for 2x107 mol 1" H,0,
(n=10). The method was satisfactorily applied to the determination of trace amounts

of H,O, in purified water and natural water samples.
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