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Abstract

In this research, an ammonium ion biosensor has been developed for the
determination of ammonium ion in concentrated latex samples based on batch and flow
injection analysis (FIA) system by using the electrodes modified with core shell Fe;O,@Au
nanoparticles and alanine dehydrogenase enzyme (AlaDH). The core shell Fe;Os@Au
nanoparticles were synthesized, characterized and evaluated as a term of electron transfer.
As the results, the core shell Fe;O,@Au nanoparticles was absorbed at the wavelength of
580 nm and the average diameter was about 50 nm. The size of nanoparticles clearly
increase after their immobilized with AlaDH enzyme. The oxidation peak current of the
mediator which is NADPH enhanced obviously at the potential between 0.4-0.6 V (versus
Ag/AgCl) when the electrode modified with the core shell Fe;O,@Au nanoparticles by
comparing the current with the bare electrode and the reactions on the modified electrode
is mass transfer controlled. The amperometric technique was studied in terms of optimal

conditions which were used for two systems (Batch and flow analysis system).

The batch system was investigated on the optimal experimental conditions and
analytical performances for the biosensor analysis. From the results, the 3 x 10° mg.cm—2
core shell Fe;O,@Au nanoparticles and 0.1 unit.cm* AlaDH enzyme were immobilized on
the electrode surface at 10 minutes, the operating potential at 0.6 V versus Ag/AgCl, 0.1 M
phosphate buffer solution pH 7.0 as the supporting electrolyte, the operating temperature
20 °C, an amount of substrate and cofactor as 0.03 and 0.04 mM, respectively, were
obtained. The biosensor based on batch system in terms of a linear response range of 0.04-
0.22 % by mass, sensitivity of 3.6 uA per %.cmz, a detection limit of 0.01 % and a
quantification limit of 0.05 % was experimentally evaluated. The repeatability (n=3) of 3.1
%RSD and reproducibility (n=3) of 4.1 %RSD were also validated. The sample throughput

was 72 samples per hour.

The amperometric technique based on FIA was also carried he optimal experimental
conditions and analytical performances for the biosensor analysis. As the results, the 1 x 10"
mg.cmf2 core shell Fe;O,@Au nanoparticles and 0.3 unit.cm” AlaDH enzyme were
immobilized on the electrode surface, the operating potential at 0.7 V versus Ag/AgCl, 0.1 M

phosphate buffer solution pH 7.0 as the carrier solution, the buffer flow rate at 1.2 mL.min_l,
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100 pL injection volume, an amount of substrate and cofactor as 0.4 and 0.8 mM,
respectively, were obtained. The biosensor based on FIA system in terms of a linear
response range of 0.01-0.50 % by mass, sensitivity of 35.7 pA per %.cmz, a detection limit of
0.001 % and a quantification limit of 0.01 % was experimentally evaluated. The repeatability
(n=10) of 2.6 %RSD and reproducibility (n=3) of 3.0 %RSD were also validated. The sample

throughput was 130 samples per hour.

Additionally, the biosensors for the ammonium ion determination in concentrated
latex samples were proposed. Formic acid and Acetic acid were interferences for ammonium
ion determination in latex samples. The concentrated latex samples were properly diluted
100 times with phosphate buffer before measurements were carried out by the standard
addition method. The ammonium ion concentration of 0.60 + 0.02 and 0.61 + 0.02 % by
mass were determined by biosensor based on batch and FIA system, respectively, and
compared with the results from titration method (0.63 + 0.02) colorimetric method (0.62 +
0.02) and ammonium ion selective electrode (0.58 + 0.02). The compared methods were
shown that the t-test values showed no significant difference at the 95% confidence level.
Therefore, the ammonium ion biosensor based on batch and FIA system could be proposed

on ammonium ion determination in concentrated latex and other samples.



