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ABSTRACT

A home-made selection valve and a controlled unit were designed and
fabricated using inexpensive materials coupled with spectrophotometer to obtain a
simple flow injection analysis (FIA) system. The computer software for controlling
these home-made devices and displaying the signals were developed using Microsoft
Visual Basic ™ and Microsoft® eMbedded Visual Tools 3.0. The fabricated FIA
analyzer was used for analysis of Fe(IIl) in water samples based on the complexation
reaction between Fe(Ill) and nitroso-R salt buffered pH 5 resulting in a colored
complex with maximum absorption wavelength at 720 nm. The %RSD for 11
replicates determination of three iron(IIl) standards (0.1, 1.0 and 4.0 ug mL™") were
1.42, 1.29 and 1.01%, respectively. A linear calibration curve over the range of 0.10-

4.0 ng mL™" and correlation coefficient of 0.9997 were established. The detection



limit (3c) was 0.011 ug mL™". The home-made FIA analyzer has been successfully
applied to the determination of iron(III) in waters. Results obtained by both proposed
FIA and AAS methods were in excellent agreement.

A simple, inexpensive and reagent less spectrophotometric micro-flow
analysis (UFA) system was implemented on a polymethyl methacrylate (PMMA). A
T-shaped micro channel and a T-junction micro coil channel on a PMMA chip was
fabricated by laser ablation and topped with molded polydimethylsiloxane (PDMS)
where a flow through cell was fixed inside. A home-made PMMA chip was integrated
with the solution delivering devices and the optical components (as detector) which
were precisely controlled and collected signal by using the computer software
programmed in our laboratory. The fabricated pFA had been applied for determining
iron and copper in water samples. It is based on measurement of the absorbance of the
two metal-nitroso-R salt complexes at 720 and 495 nm for iron and copper
respectively formed by the reaction between both ions and nitroso-R salt in an acetate
buffer solution pH 5 and 7 respectively. The proposed nFA consumed a very small
amount of reagent and sample, it released waste of less than 2.0 mL h™'. The relative
standard deviation (RSD) was less than 2 % (n=11) with the recovery in the range of
97 to 99. The linear ranges for the determination of iron and copper in water samples
were over the range of 0.05- 4.0 and 0.1-3.0 pg mL™" with the correlation coefficients
(%) of 0.9994 and 0.9995, respectively. The limits of detection (35) for iron and
copper were 0.021 and 0.047 pg mL™ with sample throughputs of 40 and 30 h’',

respectively.



vi

The development of novel sensors known as PEBBLE sensors (Probes
Encapsulated by Biologically Localized Embedding) was also attempted. These
sensors are nano-scale spherical devices consisting of sensor molecules entrapped in a
chemically inert matrix. This protective coating eliminates interferences such as
protein binding and/or organelle, which alter sensors response. It also protects the
living cell from the toxic sensing molecules while they are used in the intracellular.
The sensor molecules usually used in PEBBLEs are fluorescence dye. The
fluorimetric technique is also used for detecting response. In this work, the PEBBLEs
containing Mn(IV) based chemiluminescence detection were prepared by using the
sol-gel method. The prepared PEBBLEs were then characterized via suitable
techniques and tested with standard folic acid. It was found that the PEBBLEs
containing Mn(IV) was prepared successfully, and the responses from the prepared
PEBBLEs were obtained while tested with standard folic acid without using exciting

light.
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