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Abstract 
 

 This research work presents syntheses and characterizations of gold 
nanoparticles (AuNPs) and gold nanoclusters (AuNCs) for clinical diagnosis of 
hyperparathyroidism and for determination of hydrogen peroxide (H 2O2) and 
iodate, respectively. For the first project, the AuNPs were prepared by the 
conventional Turkevich method and the as-prepared colloidal gold solution was 
applied for the determination of parathyroid hormone (PTH) in blood (biomarker for 
hyperparathyroidism). Detection principle is based on the reaction between PTH and 
the AuNPs, which results in aggregation of the nanoparticles and color changes from 
red wine to blue. This causes decreasing in the absorbances (521 nm) proportionally 
to the PTH concentrations. The as-prepared AuNPs were spherical (size: 25 nm) and 
monodispersed. Linearity range of standard PTH in concentrations of 10 - 1,000 
pg/mL was obtained with good linearity (r2 > 0.99). The method provided high 
precision (RSD: 2.05 % (10 pg/mL) and 2.52 % (100 pg/mL)) with high accuracy 
(Recovery: 98.36 – 104.94 %). Limit of detection (yB + 3SB) of 1.70 pg/mL was 
observed.  
 For the second project, the AuNPs was synthesized using bacterial cellulose 
nanopaper (BC) as both a reducing agent and a scaffold for the as-prepared AuNPs. 
The preparation process was started by putting the wet bare BC nanopaper ( 30 
mm and 3 mm thickness) into 0.75 mmol L-1 HAuCl4 (25.0 mL). This solution was 
vigorously and continuously stirred for 60 min at 90   C. After the embedding process, 
color of the nanopaper was changed from milky-white to wine-red. The AuNPs-BC 
nanopaper was characterized by UV-visible spectrophotometer, FE-SEM and EDS. 
Absorption spectrum of the nanopaper showed the characteristic peak of Au0 at 525 
nm. The amount of 97.3 weight % of Au0 was found. The spectrophotometric assay 
was carried out by dropping the aliquots of 100 µL of sample and 400 µL of 20 
mmol L-1 citrate buffer (pH 6.0) onto the AuNPs-BC nanopaper. The nanopaper was 
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then kept in a plastic bag for 10 min. In the presence of H2O2, the wine-red color of 
the AuNPs-BC nanopaper was turned to pale red accordingly to oxidation of Auo to 
Au (III) by H2O2. Decreasing in the absorbance of the nanopaper at 525 nm was 
monitored using UV-visible spectrophotometer. Detection limit (yB + 3SB) of 0.79 % 
(v/v) was observed and this value was enough sensitive for the determination of H2O2 
in wound cleaner and hair dye samples. The H2O2 contents in all samples were 
agreed well with the label values. Good analytical recovery (88.8 to 97.2 %) with high 
precision (RSD: 3.3 %) was obtained.  These results confirmed that the as-prepared 
nanopaper was successfully synthesized and effectively applied as the two 
dimensional (2D)-microcuvette for the spectrophotometric determination of H2O2 in 
real samples.  
 For the last project, a new design of a paper-based analytical device (PAD) for 
membraneless gas-separation with subsequent determination of iodate is presented. 
The rectangular PAD was invented as the folded pattern, where two circular 
reservoirs: the donor reservoir and the acceptor reservoir were situated in a single 
paper for convenient use. The hydrophobic barrier of each reservoir was easily 
fabricated by painting with a permanent marker. The PAD was demonstrated for the 
quantitative analysis of iodate, based on the fluorescence quenching of the bovine 
serum albumin-stabilized gold nanoclusters (BSA-AuNCs). The BSA-AuNCs were fast 
prepared by a microwave-assisted approach. The nanoclusters solution was applied 
into the acceptor reservoir, while the sample, iodide and sulfuric acid were 
sequentially aliquoted into the donor reservoir. After folding the PAD, the donor and 
the acceptor were mounted together via a two-sided mounting tape. The headspace 
in between the two reservoirs allows membraneless gas-separation of free iodine 
from the donor to diffuse into the acceptor. Etching of gold core of the nanoclusters 
in the acceptor resulted in quenching of the red emission, was monitored by two 
methods, i.e. “fluorometric detection” (ex: 490 nm, em: 630 nm) and “image 
capture” of the acceptor under the UV irradiation by a smart phone’s camera. Two 
calibrations were plotted accordingly to their detections and linear calibrations with 
good linearities (r2 ˃ 0.98) were observed from 0.005 to 0.1 mmol L-1 iodate. High 
accuracy (mean recovery: 95.1 (+ 4.6) %) and high precision (RSD < 3 %) was 
obtained. The lower limits of detection were 0.005 mmol L-1 (with fluorometric 
detection) and 0.01 mmol L-1 (with image capture). The method was effectively 
applied for the measurement of iodate in iodized salts and fish sauces without prior 
sample pre-treatment. 
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Chapter 1 
Introduction 

 
1.1 Research motivation 
 In recent years, nanomaterials have been many attractive for use as chemical 
sensors, biosensors and also clinical sensors due to their unique optical properties 
and their stability.  Nano gold is the particles that are synthesized from gold salt to 
be smaller in the nanometer level.  Nano-level of gold particles have different 
physical and chemical properties than normal gold, such as having a high surface 
area, speed up chemical reactions, good conductivity.  The color and properties of 
nano gold can be changed according to particle size, shape and structure. 
 Nowadays, bio-material paper - based sensors have been widely using as 
analytical devices in many applications due to its simplicity, low cost, easy to use, 
biocompatibility and degradability.  For optical sensing platform, bacterial cellulose 
(BC) nanopaper has attractive because of optical transparency, hydrophilicity, high 
porosity and high surface area. 
 Therefore, in this work, we aim to synthesis and use gold nanoparticle 
(AuNPs) to apply for clinical diagnosis of hyperparathyroidism, synthesis and 
embedded of AuNPs on nanopaper for quality control of hydrogen peroxide.  And 
we also aim to synthesis gold nanoclusters (AuNCs) and apply for quality control of 
iodized table salts.  All the researches in this work are summarized in the following 
issues:   
  
 1.1.1 Clinical diagnosis of hyperparathyroidism 
  Parathyroid hormone (PTH) is a hormone containing 84 amino acids 
that secreted from parathyroid glands and functioned with calcitonin hormone to 
regulate blood calcium levels.  The amount of PTH for normal people is 10 - 65 pg 
mL-1.  Abnormal level of PTH can be separated into 2 types as ‘hypoparathyroidism’ 
and ‘hyperparathyroidism’.  Hypoparathyroidism occurs when insufficient PTH is 
produced resulting in low blood calcium.  Hyperparathyroidism is caused by 
secretion of PTH is exorbitant occur with fragile bones and kidney stones.  For 
patients which hyperparathyroidism they need to be parathyroid surgery. 
  Common analytical methods for monitoring the amount of blood PTH 
is chromatography which can determine within 20 min.  Although this technique was 
rapid but it consumes a lot of solvent for use as carrier and complicated in operation 
of instruments. 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



2 
 

 
 

  This work, the simple immunoassay method for the PTH 
determination based on aggregation of antibody conjugated AuNPs in the presence 
of PTH was developed.  Color of the particles was changed from red wine to purple 
in direct proportional to the concentration of PTH, resulted in changing of surface 
plasmon band measured by using uv – vis spectrophotometer.   
  
 1.1.2 Quality control of hydrogen peroxide 
  Hydrogen peroxide usually used as bleaching agent, and antiseptic.  
For antiseptic property, is a mild disinfectant that applied to local wound which may 
cause danger from cytotoxic effect.  Over doses of hydrogen peroxide (more than 
3%) can cause irritation, blistering, vomiting and several deaths.  Therefore, this 
substance should only be used if necessary.  Although there have applications about 
hydrogen peroxide but these method needs to use enzyme which suffered from its 
stability. 
  Bacterial cellulose nanopaper (BC) is a multipurpose material that has 
many features such as biocompatibility, biodegradability, optical transparency, heat 
resistance, high porosity, which is attractive for optical determination.  Plasmonic or 
photoluminescent properties of embedded nanoparticles on BC can be utilized for 
many optical measurement applications. 
  In this research, the AuNPs embedded BC nanopaper for hydrogen 
peroxide determination was synthesized and applied.  Detection reaction is based on 
bleaching of AuNPs by hydrogen peroxide and resulted in decreasing of absorbance 
which can be measured by using uv – vis spectrophotometer.   
 
 1.1.3 Quality control of iodized table salts 
  Iodine deficiency disorder (IDD) is a lack of iodine in human body 
resulting in increasing in size of thyroid gland and stunted of physical and mental 
growth.  This situation still appears in many developing countries.  For preventing 
IDD, adding iodine as KIO3 in iodized table salt is performed.  According to WHO, 
recommended minimum levels of iodine at consumption is 20 mg I per kg of salt. 
  Iodometric titration is a well-known method for the measurement of 
iodine content in edible salt.  Although this method is very simple, it suffers from 
precision and accuracy.  In addition, it consumes a lot of reagents volumes and time. 
  Nowadays, a paper-based analytical device (PAD) is widely used in 
many applications due to it allows liquid to pass through its hydrophilic fiber without 
any pump and consumes small amounts of samples and reagents.  A PAD is easy to 
fabricate and low cost which makes it possible to use for portable test kit 
applications. 
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    With attractive features of the membraneless gas-liquid separation 
PAD, in this work, a PAD for the iodate determination based on the redox reaction of 
tri-iodide and AuNCs was therefore developed.  The intensity of AuNCs was 
decreased when tri-iodide was presence. 
 
1.2 Objective of the study 
 1. To Synthesis of the AuNPs and to apply for the determination of PTH in 
     blood. 
 2. To Synthesis of the AuNPs embedded BC and to apply for the quantitative 
     analysis of hydrogen peroxide in wound cleaner samples.   
 3. To synthesis of the AuNCs and to fabricate a PAD for the detection of 
     iodate. 
 
1.3 Scopes of the study 
 1.3.1 Clinical diagnosis of hyperparathyroidism 
   Firstly, AuNPs was synthesized accordingly to Turkevich’s method and 
the as-prepared AuNPs were characterized by UV–Visible spectrophotometer and 
transmission electron microscope (TEM).  Secondly, AuNPs was conjugate with anti-
PTH and then reacted with PTH.  Next, effects of chemical and physical parameters 
affecting sensitivity of the method were investigated for the optimal condition. Then, 
the developed method was applied to determination of PTH in blood samples.  
Finally, analytical performances of this method were evaluated. 
 
 1.3.2 Quality control of hydrogen peroxide 
  Hydrogen peroxide can be detected by bleaching reaction of AuNPs.  
Firstly, BC nanopaper was-prepared by culturing of ‘Acetobacter xylinum’ in Hestrin-
Schramm culture medium.  BC was then used as both a reducing agent and a 
substrate for synthesizing and embedding of AuNPs by using tetrachlorouric acid as a 
precursor. Optimization parameters for embedding of AuNPs were also studied.  Next, 
the AuNPs embedded BC nanopaper was applied to determine hydrogen peroxide 
content in wound cleaner samples.  Finally, analytical performances of this method 
were investigated. 
 
 1.3.3 Quality control of iodized table salts 
  The detection reaction of iodate is based on quenching effect of 
AuNCs by tri-iodide.  The AuNCs were synthesized using bovine serum albumin (BSA) 
as reducing agent by exploiting microwave as a heating source.  Optimal conditions 
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for AuNCs synthesis were also investigated.  A foldable microfluidic paper-based 
analytical device (PAD) with circular hydrophobic barrier painting by permanent pen 
for acceptor and donor were assigned at left and right sides of the PAD, respectively.  
Generated tri-iodide from iodate and iodide in acidic medium was diffused from the 
donor side and further reacted with AuNCs on the acceptor side.  Optimization 
parameters of using a PAD were studied.  This method was then applied for the 
determination of iodate in iodized table salts.  Then, results were validate against the 
iodometric titration. 
 
1.4 Benefits of the study 
 1.4.1   A method for clinical diagnosis of hyperparathyroidism was achieved.  
 1.4.2 Embedding AuNPs on BC nanopaper was accomplished and 
applicable for hydrogen peroxide determination. 
 1.4.3   A PAD was successfully developed for the determination of iodate in 
eatable salts and fish sauces. 
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Chapter 2  
Theory and Literature Reviews 

 
2.1 Nanomaterials [1] 
 Nanotechnology is an interdisciplinary study that allows development of new 
materials with new, interesting and useful properties.  These new materials are 
nanomaterials made from ultra-small particles.  Nanomaterials can occur 
spontaneously and are caused by synthesis by modifying the arrangement of atoms 
or molecules.  According to the European Commission, a nanomaterial is defined as 
a natural, incidental, or manufactured material containing particles, in an unbound 
state or as an aggregate or as an agglomerate and where, for 50% or more of the 
particles in the number size distribution, one or more external dimensions is in the 
size range 1–100 nm. 
 
 2.1.1 Gold nanoparticles [2-3] 
  Nanoparticles synthesized by the reduction of gold in aqueous phase 
tend to have quasi-sphere morphology as this shape presents the smallest surface 
area if compared to other morphologies.  Typically, the suspension of spherical gold 
nanoparticles presents a ruby red color due to the scattering of light by the 
nanomaterial, but the increase in size, as well as a change in the environment 
surrounding the nanoparticles, may modify the optical properties of the colloid.  
Gold nanoparticles have physical and chemical properties that are different from 
normal gold, such as having a high ratio of surface area to volume and there helps to 
accelerate the reaction of electricity.  
  Optical properties of gold nanoparticles can be explained by the 
surface plasmon resonance (SPR).  It is an optical phenomenon that is caused by the 
interaction of electromagnetic waves and electrons in nanoscale metals.  When an 
electromagnetic wave from the outside hits the metal, the electron cloud that is 
restricted to nanoscale particles will collective oscillation and when the external 
electromagnetic waves have the same wavelengths that the electrons oscillate in the 
nanoparticles will cause resonance.  The interaction between light and metal can 
occur in two ways: The light will hit and reflect with the same wavelength in every 
direction, which is called scattering.  Some photons will be absorbed and 
transformed into oscillating energy, which is called absorption.  It is a phenomenon 
that occurs at the junction of metal to dielectric substances, such as between gold 
particles and air or solutions.  The wave size and amplitude of the resonant 
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spectrum of various materials depend on the size, shape, type of material and the 
environment around that material.   

 
Figure 2.1 Illustration of the excitation of localized surface plasmon resonance. [3] 

 
  From the unique properties of gold nanoparticles, it can be used for a 
variety of uses especially applied in the field of chemical analysis. 
  
 2.1.2 Gold nanoclusters [4-5] 
  Gold nanoclusters (AuNCs) are a specific type of gold nanomaterials 
consisting of few to several Au atoms with ultra-small size (< 3 nm).  In general, the 
solution of AuNCs is yellowish-brown and when exposed to UV light it occur red 
emission.  AuNCs do not exhibit surface plasmon resonance (SPR) absorption in the 
visible region but have fluorescence in the visible to near-infrared (NIR) region. 
  Protein usually acts as a stabilizer and reducing agent to reduce gold 
solution to become AuNCs.  Its stability depends on protein structure, temperature 
and optimal basic condition.  There are many types of protein that used as stabilizer 
such as bovine serum albumin (BSA), lysosome, etc. 

 
Figure 2.2 Synthesis of protein stabilized AuNCs. [5] 

 
 Characteristics of AuNPs and AuNCs are compared and shown in Table 2.1. 
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Table 2.1.  Characteristics of AuNPs and AuNCs. 
 

Charateristic AuNPs AuNCs 
Size 

SPR peak 
Luminescent 

Color 
Reducing agent 

5 – 50 nm 
 
 
red 

citrate 

< 3 nm 
 
 

yellowish brown 
protein 

Quencher ability through fluorescence 
resonance energy transfer 

(FRET) 

 

Separate centrifugation dialysis, gel electrophoresis, 
HPLC 

 
2.2 Theory and literature reviews for clinical diagnosis of 
hyperparathyroidism 
 2.2.1 Concepts and theories 
  2.2.1.1 Parathyroid hormone (PTH) 
   Parathyroid hormone (PTH) is a protein polymer made of 84 
amino acids with a molecular weight 9500 Da..  It is a hormone secreted from 4 
parathyroid glands that buried behind the thyroid glands [6].  The position of the 
parathyroid gland and the structure of the parathyroid hormone are shown in Figure 
2.3 and 2.4 respectively. 
 

. 
Figure 2.3 The position of the parathyroid gland [7] 
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Figure 2.4 The structural formula of the parathyroid hormone. [8]  

   An important role of PTH is to maintain the balanced level of 
calcium in blood by working with calcitonin hormone which secreted from thyroid 
gland.  In patients with goiter, the parathyroid gland may be obscured by the thyroid 
gland.  The surgery of the thyroid gland to treat goiter must be careful not to cut the 
parathyroid gland because it can cause life threatening due to the lack of parathyroid 
hormones. The pathway of PTH was shown in Figure 2.5 

 

Figure 2.5 The PTH pathway. [9]  

   PTH disorders can be summarized as follows:  
 1. Hypoparathyroidism occurs when not enough PTH is produced and results 
in low blood calcium.  The effect of low calcium levels causing tense muscles and 
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twitching.  Hypoparathyroidism can treat by injecting calcium solution or PTH 
solution into blood vessels with providing vitamin D to increase the absorption of 
calcium from the intestines [10]. 
 2. Hyperparathyroidism is caused by secretion of PTH is exorbitant occur with 
fragile bones and kidney stones.  In addition, calcium will accumulate in various 
organs, including heart and spleen.  Treatment of hypoparathyroidism is giving 
calcitonin hormone due to it is a hormone that causes blood calcium to drop rapidly 
[6]. 
 
  2.2.1.2 Immunoassay 
   Immunological methods are the application of antigen-
antibody interaction for diagnosis analytes in biological liquids such as serum or urine 
for medical and research purposes with details as follows: [12].   
   2.2.1.2.1 Antigen [13] 
   Antigen is a protein polymer.  It is a foreign object that can 
specifically react to various products that are responded by the immune system.  
Antigens stimulate the production of antibodies that are specific to that antigen in 
which the antigen must have two characteristics, which are 
   1.  Immunogenicity is the ability to stimulate the production of 
specific immune.  Substances that stimulate a specific immune response are called 
immunogens. 
   2. Specific reactivity or antigenicity is the antigen that able to 
produce specific reactions to antibodies that are activated on the antigen.                
1 molecule of antigen consists of small sub-locations that stimulate the body's 
immune system, called an antigenic determinant or epitope.  Each antigen contains 
many different antigenic determinants.   
 

 
Figure 2.6 Image of an antigen and an epitope. 
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   2.2.1.2.2 Antibody   
   Antibodies or immunoglobulin is a body immune protein.  It is 
responsible for detecting and destroying foreign matters, such as bacteria and viruses 
with acting specifically on the target antigens.   
   The molecular structure of the antibody is in the Y shape.  It 
consists of 4 polypeptide chains, 2 heavy chains and 2 light chains.  The base of the 
Y shape of the antibody molecule called the constant region that indicates type of 
antibody such as IgG, IgA, IgM, IgD, IgE, etc.  The tip of the Y is the position that binds 
to the antigen which has different varieties in each antibody.  In this end it is called 
the variable region. 

 
Figure 2.7 Visualize structures of antibodies. 

 
   2.2.1.2.3 Antigen and antibody reaction [14-15] 

   Antibodies have at least 2 combining sites that can attach to 
the antigen.  Antigens have a position that can attach to the antibody in many ways 
or in many epitopes.  When the antigens attack to body, it responds to antigens by 
creating immunity.  Specific properties and ability of antibodies to bind to foreign 
antigens causing the antigens become ineffective.  From this specific antigen-antibody 
reaction ability therefore, these properties can be used to diagnose various diseases. 

 The reaction between antigens and antibodies is caused by a non-covalent 
bond, which is a weak force. In which these forces are: 
 1. Electrostatic force (Coulombic force) is the force that occurs due to the 
different charges between antigens and antibodies. 
 2. Hydrogen bonding is the force that occurs between hydrophilic groups 
such as -OH, -NH2, -COOH etc. This force depends greatly on the molecular intimacy. 
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 3. Hydrophobic force is a force arising from the integration of non-polar 
substances by bringing the hydrophobic group together. 
 4. Van der Waals force is a force between molecules that are close to each 
other and then react between external electron clouds to give the attraction of the 
charge to a balanced state. 
 

 
Figure 2.8 Reactions between antibodies and antigens. [15] 

 
 In addition to the four mentioned forces, the structure of antigens and 
antibodies also has an important part to strengthen the binding.  The molecular 
structure of antigens and antibodies that are complementary such as the lock and 
key the grip will be more stable.  In addition, environments also affect the 
interaction between antigens and antibodies which including: 
 1. pH: Antigens and antibodies react quite well at pH 7.2 - 7.4.  At very high or 
lower pH, the reaction will be decreased. 
 2. Temperature: The optimum temperature for the reaction between antigens 
and antibodies is in the range of 4 – 40 °C.  At too high temperature, antigens and 
antibodies may be denaturing. 
 3. Ionic strength: The concentration of ion or salt also affects the binding of 
antigens and antibodies.  The appropriate salt concentration commonly used in 
research studies on the interaction between antibodies and antigens is 0.15 M NaCl 
(0.9% NaCl, isotonic solution) that is a physiological salt solution or normal saline 
solution (NSS). 
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  2.2.1.3 UV – Visible spectrometer [16] 
   The instrument used in ultraviolet−visible spectroscopy is 
called UV−Vis−NIR Spectrophotometer.  The device works by passing a beam of light 
through a sample and measuring the wavelength of light reaching a detector.  The 
analysis data can be revealed in terms of transmittance, absorbance or reflectance of 
energy.  A UV−Vis−NIR spectrophotometer measures absorbance or transmittance 
from the UV to the visible wavelength range. A basic principle of quantitative analysis 
is called the Lambert−Beer’s law. 
 

 
Figure 2.9 Lambert−Beer’s law. 

 1) Lambert's Law. 
  The proportion of incident light absorbed by a transparent medium is 
independent of the intensity of the light (provided that there is no other physical or 
chemical change to the medium).  Therefore successive layers of equal thickness will 
transmit an equal proportion of the incident energy.  Lambert's law is expressed by 
equation. 

T  
I

I0
 

  Where I is the intensity of the transmitted light, I0 is the intensity of the 
incident light, and T is the Transmittance. 
 
  It is customary to express transmittance as a percentage: 

 T  
I

I0
 100 
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 2) Beer's Law. 
  The absorption of light is directly proportional to both the concentration 
of the absorbing medium and the thickness of the medium in the light path.  A 
combination of the two laws (known jointly as the Beer-Lambert Law) defines the 
relationship between absorbance (A) and transmittance (T). 

A   log 
I

I0
   log

1

T
     bc 

  Where A is absorbance (no unit of measurement), ɛ is molar absorptivity 
(L-1 mol-1 cm-1), b is path length (cm) and c is molar concentration (mol L-1) 
 
       Spectrophotometers consist of several components: Light sources (UV 
and VIS), monochromator (wavelength selector), sample holder, detector, signal 
processor and readout.  The radiation source used is often a tungsten filament, a 
deuterium arc lamp which is continuous over the ultraviolet region, and more 
recently light emitting diodes (LED) and xenon arc lamps for the visible wavelengths.  
The detector is typically a photodiode or a CCD.  The containers for the sample and 
reference solution must be transparent to the radiation which will pass through 
them.  Quartz or fused silica cuvettes are required for spectroscopy in the 
UV−Vis−NIR region.  Figure 2.10 shows a schematic diagram of UV−Vis 
Spectrophotometer. 

 
 

 
 

Figure 2.10 Schematic diagram of UV−Vis Spectrophotometer. 
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  2.2.2 Detection principle 
   Detection principle is based on the reaction of gold 
nanoparticles with parathyroid hormones resulting in purple product due to 
aggregation.  Intensity of purple color is proportional to the amount of parathyroid 
hormone in the blood.  The measurement mechanism is shown in Figure 2.11. 
 

 
Figure 2.11 The mechanism for measuring of PTH proposed in this research. 

 
 2.2.3 Literature Reviews 
  2.2.3.1 Literature reviews based on immunology 
   Immunology for analysis of PTH is based on specific reaction 
between PTH antigen and antibody.  There are many publications study on the 
development of analytical methods for measurement of PTH, For example:   
   M. T. JulÍan et. al. [17] measured parathyroid hormone levels 
after thyroid surgery to predict long-term performance of the parathyroid glands. This 
method was examining calcium and parathyroid hormones in the 24 hours and 6 
months postoperative period.  Parathyroid hormone testing is performed on an 
automated electrochemiluminescent immunoassay analyzer, and for the 
determination of calcium levels, it depends on the reaction with o-cresolphthalein to 
produced colored product.  The results have shown that patients with PTH and 
calcium levels below 5.8 pgmL-1 and 1.95 mmolL-1, respectively are risk of 
permanent hypoparathyroidism. 
   E. P. GarcÍa-Santos et. al. [18] measured parathyroid hormones 
during surgery for patients with higher levels of hormones.  The measurements used 
immunochemiluminescence in combination with STAT system for processing. The 
measurements were performed during surgery and 5 and 10 minutes after the 
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surgery, respectively.  Objective of this measurement is to evaluate and remedy the 
patients to reducing pain and shot time recuperating in hospital.  From the 
measurement of 91 patients, 39 patients were required to undergo anesthesia, while 
another 52 were able to undergo cervical block surgery.  
   V. Cote et al. [19] determined parathyroid hormone levels for 
patients undergoing thyroid surgery for 1 hour.  The measurements used Roche 
Elecsys System 2010 electrochemiluminescence immunoassay combined with blood 
calcium levels determination.  They were found that 43% of patients have low blood 
calcium and parathyroid hormone levels are lower than the cut-off values (8 ng L-1).  
2.2% of patients with parathyroid hormones level below 15 ng L-1 have not 
developed into low blood calcium levels.  
   W.U. Dittmer et al. [20] conducted parathyroid hormone 
determination using labeled magnetic particles together with resistance 
measurement. The particles that labeled with conjugated antibodies are then 
activated and attached to target analytes.  The particles are then sent to the surface 
of the sensor and have captured by immobilized antibody which causes GMR signal 
changed. This method has a detection limit at 10 pM and 0.8 pM with 15 minutes 
analysis time for 300 and 500 nm particles respectively. 
   C. S. Simsek et al. [21] developed the measurements using 
gold electrode modified with 6-mercaptohexanol and silane.  PTH was measured 
using cyclic voltammetry and impedance measurements.  The developed method 
was able to determination of PTH the level of concentrations of 10 - 50 pg/mL. 
   In addition, this principle was applied to point of care (POC) 
testing by V. Jarrige et al. [22] using the motion of magnetic particles to measure 
parathyroid hormone content.  Parathyroid hormone is captured by a magnetic 
particle attached to an antibody (anti-N-terminal-PTH).  The particles then move with 
a magnetic force and are attached to the surface of the sensor (anti-C-terminal-PTH). 
This developed devices that can be measured at the level of picomolar by 
measuring time less than 10 minutes. 
 
  2.2.3.2 Literature reviews based on other techniques 
   M. Kamberi et al. [23] used size exclusion chromatography to 
measure hPTH using hydrophobic and electrostatic reacted with the substance 
contained in the column and used 0.1% TFA in 0.2 M sodium chloride/acetone in the 
ratio of 80:20 by volume as mobile phase with injection volume 40 µL.  It was found 
that separation of hPTH was completely within 7 minutes. 
   S.S. Rane et al. [24] measured parathyroid hormone levels 
using reversed phase high performance liquid chromatography (RP-HPLC) and ultra 
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performance liquid chromatography (RP-UPLC).  Trifluoroacetic acid in water and 
trifluoroacetic acid in acetylene were used as mobile phase.  The analysis time took 
17 minutes and 2 minutes for HPLC and UPLC, respectively.  Linearity ranges are 100 
-300 µg mL-1 and 50 – 300 µg mL-1 for HPLC and UPLC, consequently. 
   E. E. Chambers et al. [25] determined parathyroid hormone 
content using the LC-MS/MS hybrid column containing particles smaller than 2 
microns due to it is more effective than the C18 column.  With formic acid as a 
mobile phase, there took 6 minutes for analysis and can be analyzed in the range of 
15 - 500 pg mL-1. 
 

2.3 Theory and literature reviews for quality control of hydrogen 
peroxide content in wound cleaner samples.   
 2.3.1 Concepts and theories 
  2.3.1.1 Bacterial cellulose nanopaper (BC nanopaper) [26, 27] 
   Bacterial cellulose (BC) nanopaper is defined as a sheet of 
cellulose with its fibers below 50 nm which offer many attractive properties such as 
biological compatibility, biodegradability, optical transparency, flexibility, 
hydrophillicity, high porosity and high surface area, etc. 
   BC can be synthesized by specific non-pathogenic gram-
negative bacteria, Acetobacter xylinum, which usually found in fruits.   The 
production from the fermentation of this bacteria is polysaccharide which also 
known as "coconut jelly".  This jelly sheet is cellulose with is a long chain glucose 
polymer with beta-1,4 glycosidic bonds. The structure of BC is shown in Figure 2.12. 
 

 
Figure 2.12 Molecule structure of cellulose unit connected with beta ( , 1-4) type  
        of glycosidic bond [26]. 
 
   Coconut juice is considered as a suitable substrate for 
producing starter bacterial cellulose because it contains carbon and nitrogen sources 
for producing a good quality BC [27]. Culture bacteria from coconut juice can 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



17 
 

 
 

produce BC in culture medium by fermentation in acidic medium with an aerobic 
atmosphere.  After fermentation for 2 weeks, the product becomes an opaque sheet 
floating on the surface of the media.  There are many factors affecting the 
production process as follows: 
 1. Carbon source  
  Glucose is a popular source of carbon and there are also fructose, 
sucrose, lactose, mannitol that can be used as a carbon source. 
 
 2. Nitrogen source 
  Without nitrogen, it will stop growing of nano-cellulose bacteria.  
Nitrogen source which can be used is inorganic substances such as ammonium 
sulfate ((NH4)2SO4) and ammonium phosphate ((NH4)3PO4) and organic substances 
such as yeast extract, malt extract and peptone, etc. 
 
 3. pH 
  A suitable pH of culture medium will increase the growth rate of 
cellulose nano-paper and also helps to prevent the contamination of mold. 
 
 4. Temperature 
  The suitable temperature for the growing of bacterial cellulose is in 
the range of 28 -32 degrees Celsius.  At temperature is higher than 45 degrees 
Celsius, it will stop growing of nano-cellulose bacteria. 
 
 5. Aeration 
  Acetobacter xylinum is a bacterium that requires air for growing.  
Therefore, in the production of cellulose bacteria, a wide surface container should 
be used to provide space for air permeability. 
 
  2.3.1.2 Hydrogen peroxide [28, 29] 
   Hydrogen peroxide is a chemical compound with the formula 
H2O2.  In its pure form, it is a very pale blue liquid, slightly more viscous than water. 
It is used as an oxidizer, bleaching agent, and antiseptic.  Hydrogen peroxide is 
unstable and slowly decomposes in the presence of light.  Hydrogen peroxide is 
found in biological systems including the human body.  Enzymes that use or 
decompose hydrogen peroxide are classified as peroxidases.  The boiling point of 
H2O2 has been extrapolated as being 150.2 °C. In practice, hydrogen peroxide will 
undergo potentially explosive thermal decomposition if heated to this temperature.  
Overdoses of hydrogen peroxide (more than 3%) can cause irritation, blistering, 
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vomiting and several deaths.  The chemical structure of hydrogen peroxide is shown 
in Figure 2.13. 
 

 
 

Figure 2.13 Chemical structure of hydrogen peroxide. 
    
  2.3.1.3 UV – visible spectrophotometer for film type analysis [30] 
   The UV-Vis-ISR-2600/2600plus is designed to be mounted in 
the sample compartment of the spectrophotometer to measure the reflection of 
solid samples and the transmittance of liquid and film samples.  UV-Vis-ISR-
2600/2600plus is a machine that combines with photomultiplier.  The measureable 
wavelength range is 220 nm to 850 nm.  The measurement can be performed on 
liquid samples and solid samples.  The compartments of this instrument are shown 
in Figure 2.14. 
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Figure 2.14 Compartments of UV-Vis-ISR -2600 / 2600 plus. 

 
 1. Optical system diagram 
  Sample light makes a 0-degree incidence (normal incidence) and 
reference light make an 8-degree incidence to the integrating sphere.  By using the 
S/R exchange then can measure the reflectance of sample on the sample side.  
Optical system diagram and light pathway of spectrophotometer for film 
measurement are shown in Figure 2.15 and Figure 2.16. 
 

 
Figure 2.15 Optical system diagram. 
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Figure 2.16 Light pathway of spectrophotometer for film measurement. 
  
 2. Basic operation for measuring of diffuse reflection 
  This procedure used for measuring of diffuse reflection for an incident 
angle of 0 degree using a standard white plate.  This procedure is used to measure 
samples with high diffusibility (resin plates, powders, etc.)  Figure of measurement of 
diffuse reflectance is shown in Figure 2.17. 
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Figure 2.17 Measurement of diffuse reflectance. 

 
 1. Set a standard white plate at each exit window on both the sample and 
reference side of the integrating sphere to correct the baseline. 
 
 2. After correct the baseline, replace the standard white plate on the sample 
side with the measurement sample. 
 
  2.3.2 Detection principle 
   Detection principle is based on the reaction of embedded 
AuNPs with hydrogen peroxide due to redox reaction in the acidic medium.  In the 
presence of H2O2, the wine-red color of the AuNPs solution is decreased as Au0 is 
oxidized to become Au (III) [31]. 
 

 
 
 2.3.3 Literature Reviews 
  2.3.3.1 Literature reviews based on bacterial cellulose 
nanopaper 
   E. Zor [26] using in-situ silver nanoparticles embedded 
nanopaper for chiral recognition of cysteine.  Nanopaper was punched into a circular 
piece and put on the wax-printed PET film to produce 2-dimensional cuvette.  This 
research was found that AgNPs sensing was response toward D-cysteine and cause 
aggregation of AgNPs with LOD value of 4.88 µM. 
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   S. Abbasi-Moayed et al. [32] developed a ratiometric 
fluorescence sensor (RF) with a variety of light-emitting colors on bacterial cellulose 
nanoparticles (BC) for biological differentiation of biothiols to detect N-Acetyl L-
cysteine covered with the green quantum dots of CdTe-Rhodamin B (GQDs-RhB) and 
two red spots of CdTe QDse (0 and 5 mM) at the concentration of NaOH (0 and 5 
mM), which are components for differentiating biothiols.  Due to the high association 
of thiols (SH) with the surface of CdTe QDs and the combination of QDS, the light 
emission of fluorescence (FL) of QDs changes while CD and Rhodamine B emission 
were almost unchanged.  The rainbow fingerprint was used to identify patterns for 
specifying the characteristics and differences of biothiols. 
   N. Pourreza et al. [33] synthesized the in-situ silver 
nanoparticles using nano-cellulose materials from bacteria that are flexible and 
transparent.  In this method, the silver ions absorbed on the cellulose nanoparticles 
are reduced by the hydroxyl group of nano-cellulose bacteria.  Embedded silver 
nanoparticles used as a new analyzer for the optical detection of cyanide ions (CN-) 
and 2-mercapto benzothiazole (MBT) in water samples.  Changes in absorption 
intensity with surface plasmon resonance is linearly proportional to the 
concentration in the range of 0.2 - 2.5 µg mL-1 and 2 - 110 µg mL-1 with the detection 
limits of 0.012 µg mL-1 and 1.37 µg mL-1 for CN- and MBT, respectively. 
   E. Zor et al. [34] synthesized nanopaper from cellulose fibers 
at the nanoscale level which is produced from A. Xylinum.  The diameter of the 
fibers is 40 ± 10 nm.  In this research, nitrogen was droped on the carbon quantum 
dots, which is attached to the bacteria cellulose.  Then nanopaper was cut to a 
circle or rectangular sheet and inserts it into a wax sheet to use as a microcuvette for 
spectrofluorometer.  The nanopaper was used for iodine determination in seawater.  
The limit of detection and limit of quantitation is 48 and 144 µM, respectively. 
 
  2.3.3.2 Literature reviews based on determination of 
hydrogen peroxide 
   W.Z. Lin et al. [35] using DNA-modified gold nanoparticles for 
colorimetric detection of hydrogen peroxide.  The reaction has 2 steps. First, using 
ferrous ion to react with H2O2 to produce hydroxyl radical based on Fenton reaction.  
Then the radical breaks the phosphodiester bond in DNA result in decreasing of DNA 
on the surface of AuNPs and the color change from red to purple due to aggregation.  
The detection was complete in 15 min with LOD 1 µM. 
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   F. Wen et al. [36] synthesized horseradish peroxidase 
functionalized gold nanoclusters for hydrogen peroxide sensing.  The blackish green 
HRP-AuNCs emits intense red fluorescence at 650 nm.  In the presence of H2O2 at      
25 °C for 10 min under pH 9.0, it was found that the fluorescence at 450 nm was 
significantly increased and decreased at 650 nm.  Linearity range is 100 nM – 100 µM 
with LOD 30 nM.  
   Y. Wu et al. [37] integrating the peroxidase-like property of 
glutathione protected gold nanoclusters to accelerate the decomposition of H2O2 to 
hydroxyl radicals.  The radicals then reacts with terephthalic acid to produce 
hydroxyterephthalate with has dual emission peaks at 430 and 600 nm.  The 
emission peak at 430 nm is increased proportional to H2O2 while the emission peak 
at 600 nm still constant.  The ratiometric fluorescence sensor has a detection limit of 
10 nmol L-1 for H2O2 and 20 nmol L-1 for glucose. 
   M.M. Khan et al. [38] synthesized the positively charged gold 
nanoparticles using an electrochemical active biofilm for colorimetric detection of 
hydrogen peroxide.  In the presence of H2O2, the positively charged AuNPs could 
catalyze the oxidation of 3,3,5,5-tetramethylbenzidine dihydrochloride and 
developed the blue product which provides absorption peak at 655 nm.   
This developed method can determine H2O2 in the range of 1.0 – 2.5 x 10-3 M. 
   J. Sophia et al. [39] used a non-enzymatic approach 
polyvinylpyrrolidone stabilized gold nanoparticles for hydrogen peroxide detection.  
The detection is performing on cyclic voltammetry, chronoamperometry and 
impedance spectroscopy.  The linearity of this method is in the region 0.8 – 80 µM. 
   W. Wang et al. [40] used heme proteins immobilized gold 
nanoparticles-bacterial cellulose nanocomposite modified glassy carbon electrode 
for amperometric determination of hydrogen peroxide.  The reaction is based on the 
reduction of H2O2 in the presence of the mediator hydroquinone.  This biosensor 
exhibited a fast response to H2O2 within 1 min with good linearity range from 0.3 µM 
to 1.00 mM and LOD 0.1 µM. 
 
2.4 Theory and literature reviews for quality control of iodized table salts 
 2.4.1 Concepts and theories 
  2.4.1.1 Iodine deficiency disorders (IDD) [41-42] 
   Iodine deficiency disorders are a symptom of the body caused 
by insufficient iodine intake.  This symptom causes the thyroid gland unable to 
produce enough thyroid hormones.  Thyroid hormones play an important role to 
control the growth of body, control of metabolic processes and control the growth 
processes of brain development.   
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   Iodine is a nutrient that the body cannot produce itself and 
resulting in iodine deficiency which will affect the body.  For example, in pregnant 
women, it will have severe effects on the fetus.  The baby may die in the womb or 
miscarriage or become disabled due to mental retardation, intellectually impaired 
and slow in brain development.  In adults with iodine deficiency, there is a low level 
of thyroid hormones resulting in laziness and weakness. 
   Iodine deficiency can be found in areas that far away from the 
sea or at high altitudes from the sea.  Sources of iodine can found in seafood, 
seaweed or foods that added with iodized salt.  Adding iodine to table salt usually 
added in the form of potassium iodate (KIO3), which is a stable form.  
    
   1) Cretinism [43] 
    Cretinism is a term of thyroid deficiency occurring in 
infants and children.  Untreated of this disease are results in impairment of both 
physical and mental development.  Symptoms of cretinism may include goiter, deaf 
mutism, squint, spastic diplegia, and disorders of stance and gait, dwarfism, coarse 
and dry skin, and husky voice. 
 
   2) Goiter [44] 
    Goiter may be defined as an enlargement of the 
thyroid gland, which is not due to inflammation or malignancy.  There are two 
general types of goiters: (1) nontoxic goiters, which produce either (a) normal 
amounts of hormone (simple goiter) or (b) below normal amounts of hormone 
(hypothyroid), and (2) the toxic goiters, which produce excessive amounts of 
hormone (hypertrophy).  Furthermore, a defect or deficiency at any trophic step can 
also result in thyroid disease.  Iodine deficiency (endemic goiter) is well known in 
iodine-deficient areas of the world.  Most of goiter is caused by iodine deficiency, 
being around 200-800 million people. 
 
  2.4.1.2 The daily reference intakes (DRI) for iodine [42] 
   The amount of iodine that should be received is shown in 
Table 2.2. 
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Table 2.2 The daily reference intakes (DRI) for iodine 
 

Life Stage Iodine (µg) 
Infants  

0-6 Months 110 
7-12 Months 130 

Children  
1-8 Years 90 
Males  

9-13 Years 120 
14-70 Years 150 
> 70 Years 150 
Females  

9-13 Years 120 
14-18 Years 150 
19-70 Years 150 
> 70 Years 150 
Pregnancy  

< 18 - 50 Years 220 
Lactation  
< 18 Years 290 
19-30 Years 290 
31-50 Years 290 

   
  2.4.1.3 Sources of iodine [42] 
   Food sources of iodine are listed in the table below. 
 
Table 2.3 Food sources of iodine 
 

Food Iodine (µg) 
Salt, iodized, 1 teaspoonful 400 

Haddock, 75g 104 - 145 
Bread, regular process, 1 slice 35 

Cheese, cottage, 2% fat, 1/2 cup 26 - 71 
Shrimp, 75g 21 - 37 

Egg, 1 18 - 26 
Cheese, cheddar, 30g 5 - 23 

Ground beef, 75g, cooked 8 
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  2.4.1.4 Standard method for the iodine determination [45] 
   Iodometry is a method to determine the amount of iodine in 
sample.  Redox titration is using sodium thiosulphate (Na2S2O3) as a reducing agent 
with starch as an indicator.  The equations of titration are given as follow: 
 

I3
− + 2 e− ⇌ 3 I− (Eo = + 0.5355 V) 

 
Together with reduction potential of thiosulfate 
 

S4O6
2− + 2 e− ⇌ 2 S2O3

2− (Eo = + 0.08 V) 
 

The overall reaction is thus: 
 

I3
− + 2 S2O3

2− → S4O6
2− + 3 I− (Ereaction = + 0.4555 V) 

 
   This method is highly accurate.  But requires operation skills to 
observe the endpoint and this method consumed large amounts of reagents.   
 
  2.4.1.5 Paper-based analytical device [46-47] 
   Paper is a well-known material for writing, printing, drawing and 
packaging.  Cellulose fiber is the main component of paper and this can be highly 
attractive for certain applications due to it allows liquid to pass through its 
hydrophilic fiber without any pump or external source.  Paper-based analytical 
devices (PAD) are novel analytical tools that are fabricated with paper material 
capable of analyzing complex and small amounts of samples and reagent.  The 
introduction of paper-based microfluidics to the scientific world was attributed to 
Whitesides' group at Harvard University, whose first device was a protein-glucose 
assay created by a lithography method in the paper.  Since then, a large variety of 
fabrication techniques have been developed. There are several techniques of 
fabrication method include photolithography,  analogue plotting, inkjet printing and 
etching, plasma treatment, paper cutting, wax printing, flexography printing, screen 
printing, and laser treatment.  Techniques were chosen depending on the type of 
material used and the type of modification required.  Example of the PAD is shown 
in Figure 2.18 
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Figure 2.18 Example of the PAD [47] 

 
  2.4.1.6 Spectrofluorometer [48] 
   Spectrofluorometer is an instrument for analyzing the 
properties of substances which include excitation and emission wavelength and 
intensity.  The analytical method is based on the absorption of UV and visible 
radiation which causes the molecules to be stimulated and vibrate, causing them to 
be stimulated from the ground state to a higher energy level (Excited state).  Then 
the energy was emitted as fluorescence and appears the spectrum which specific to 
each substance.  There are two basic types of fluorometers, the filter fluorometer 
and the spectrofluorometer.  The difference between them is the way they select 
the wavelengths of incident light. A filter fluorometer use filters while a 
spectrofluorometer use grating monochromators.  Filter fluorometers are often built 
at a lower cost but are less sensitive and have less resolution than 
spectrofluorometers.  
 
   2.4.1.6.1 Components of a fluorescence spectrometer 
    Components of the spectrophotometer are shown in 
Figure 2.19  
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Figure 2.19 Essential components of a fluorescence spectrometer. 

 
 1) Light source 
  Light source is used for emit light at a wavelength to stimulate the 
substance.  There are many types of light sources, such as xenon lamps, mercury 
vapor lamps, lasers and LED. 
 
 2) Wavelength selection 
  Spectroscopy fluorometers generally use grating as a monochromator 
which can select the desired wavelength.  The characteristics of filters and gratings 
are the same as those used on UV-optical devices.  The only difference is that there 
are two monochromators: excitation monochromator and emission monochromator 
which must be in the 90 degree position of each other. 
 
 3) Sample container 
  Sample container is a cuvette made of quartz and has four clear sides 
in order to allow the light to pass in and measure the fluorescent light that comes 
out perpendicularly (90 degrees). 
 
 4) Detector 
  There are 2 types of fluorometers: Photomultiplier Tube (PMT) and 
Photodiode (PD). 
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 5) Signal Processor and Data Read Out 
  The signal from the detector goes through the electronic process and 
shows the result in form of numbers or digitally.   
 
  2.4.1.7 Stern – Volmer’s Reletionship [49] 
   Processes such as fluorescence and phosphorescence are 
examples of intramolecular deactivation (quenching) processes.  An intermolecular 
deactivation is where the presence of another chemical species can accelerate the 
decay rate of a chemical in its excited state.  Stern-Volmer equatiom is the equation 
showing the relationship between the intensity of fluorescence and the 
concentration of ions that affect the reduction of fluorescence (Quencher).           
The equation is shown as follow: 
 

  
 

  
  = 1 + kq 0• [Q] 

  
When:       
  If

๐      is Fluorescence intensity without Quencher [Q]     
           If

       is Fluorescence intensity with Quencher [Q] 
            kq       is The quencher rate coefficient 
           0       is Fluorescence lifetime without Quencher 
           [Q]     is Concentration of quencher 
 
   From the equation, the Stern-Volmer graph can be made into 
a linear graph as shown in Figure 2.20, where the y-intercept is always equal to 1.  
Linear equation can be applied to quantitative analysis to find the concentration of 
quencher. 
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  2.4.1.8 RGB color model [50] 
    The RGB color model is the model that assembles the primary 
light spectra of Red (R), Green (G), and Blue (B) together in various combinations to 
produce new spectrum of colors as shown in Figure 2.21.  The RGB color model is 
used in various technologies producing color images, such as conventional 
photography and the display of images in electronic systems. 

    The RGB color space could be represented as a cube by 
normalized RGB color values in the range (xR , yG , zB) with gray values on the main 
diagonal of the black values (0,0,0) and on the opposite corner the white values 
(255, 255, 255). 

                                             A.                                                           B. 

      
 

Figure 2.21 RGB color model: The primary color (A) and the primary color cube (B)  
 

 2.4.2 Detection principle [51] 
  The analytical method for paper-based determination of iodate is 
using the mixing of iodate with an excess of iodide and sulfuric acid to causing iodide 
(I-) to oxidized iodate under acidic conditions to generate iodine (I2).  The excess 
amount of iodide is then reacted with iodine to form tri-iodide (I3

-).  Tri-iodide/iodide 
is then reacted with the solution of AuNCs resulting in the quenching of AuNCs which 
proportional to the amount of iodate. 
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Figure 2.22 Mechanism of quenching reaction of AuNCs with oxdative agent.  

 2.4.3 Literature Reviews 
  2.4.3.1 Literature reviews based on using laboratory equipment 
for the iodate determination 
   S.D. Kumar et al. [52] used anion chromatography with 
conductivity detection of iodate and sulphate.   This method is using onguard silver 
cartridges for chloride removal.  Limit of detection for iodate and sulphate are 0.5 
and 0.05 µg mL-1, respectively with good recovery. 
   A. Salimi et al. [53] described the developed method for 
iodate, nitrite and periodate detection using the embedded catalase multiwall 
carbon nanotubes based on redox reaction in acidic solution.  Under optimized 
condition of the amperometric method, the calibration range is 1 µM – 6 mM, 1 µM – 
5 mM and 5 µM – 10 mM for periodate, iodate and nitrite, respectively.  Detection 
limit for periodate, iodate and nitrite are 0.15 µM, 0.2 µM and 1.35 µM, consequently. 
   W. Hong-juan et al. [54] reported a new amperometric sensor 
based on 9,10- phenanthrenequinone derived graphene (PQ/DP) for sensitive and 
selective determination of iodate.  The PQ/GP shows good catalytic activity towards 
the reduction of iodate.  This sensor displays linear range from 5 x 10-8 – 6 x 10-3  
mol L-1 with low detection limit (1 x 10-8 mol L-1). 
   B. Narayana et al. [55] developed a method for iodate 
determination.  The method is based on the reaction of iodate with potassium iodide 
in acid medium to liberate iodine.  The liberated iodine bleaches the blue color of 
methylene blue and resulting in decreasing of absorbance at 665.6 nm.  Linearity was 
found in the range of 0.5 -14 µg mL-1.  Limit of detection and limit of quantitation are 
0.048 and 0.145 µg mL-1, respectively. 
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   A.H. Liang et al. [56] used rhodamine 6G combine into ion 
association particles reacted with I3

- from IO3
- and exceed I-.  Iodine concentration is 

proportional to the resonance scattering intensity at 400 nm in the range of 1.0 – 20 
x 10-7 mol L-1.  
   Although, these methods mentioned above have lower 
detection limit and high sensitivity, however, these still suffer from complicated 
analytical workflow.  Therefore, some researchers then proposed the simple method 
for iodate determination using flow injection.  The examples are described below: 
   N. Choengchan et al. [57] presented a flow injection for iodate 
determination.  This system detected the blue complex of tri-iodide in the presence 
of starch at 590 nm.  The calibration graph was obtained from 5.0 x 10-6 – 4.0 x 10-5 
M with high sample throughput (65 injections per h) and the detection limit was 2 mg 
I/kg salt. 
   N. Choengchan et al. [58] determined iodine in ppb levels 
using the catalytic effect of iodide on the Ce (IV) – As (III) reaction.  This method can 
determine total inorganic iodine in bottled drinking water that had iodate in the level 
of 100 µg L-1 with good recovery and sample throughput is 15 h-1.  
 
  2.4.3.2 Literature reviews based on using the PAD as a sensing 
platform 
   N.M. Myers et al. [59] used a paper test card for iodometric 
titration.  The dried reagents are reconstituted and combined through a surface 
tension enabled mixing mechanism.  The test outcomes can be read both directly by 
eye and by using electronic image analysis over the range of 0.8 – 15 mg L-1.  This 
card can also use for other redox-active analytes via iodometric back titration. 
   M.O. Gorbunova et al. [60] developed a method for iodide 
determination using sensitive silver triangular nanoplates (AgTNPs) paper.  Iodide is 
oxidized by Fe (II) to produce iodine which then reacted with AgTNPs and resulting in 
optical changed.  Determination range of this method is 0.03 – 0.3 mg L-1 and the 
limit of detection is 0.01 mg L-1. 
 
  2.4.3.3 Literature reviews based on synthesis of AuNCs and 
application 
   S. Govindaraju et al. [61] reported the stability, non-toxic and 
red fluorescence of serum albumin - gold nanoclustesr which specific to the 
measurements of dopamine in brain and spinal fluid.  From the morphology of 
AuNCs, the average particle size is 4 - 6 nm.  Dopamine determination is based on 
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the quenching reaction of gold nanoparticles.  This method gave a linearity range of 
0 to 10 nM and a detection limit was 0.622 nM. 
   Krishnendu C. et al. [62] conducted a determination of residual 
rifampicin for the treatment of meningitis and tuberculosis.  This method is effective 
and economical for the determination of the rifampicin levels in urine samples using 
bovine serum albumin stabilized gold nanoclusters which is absorbed on paper.  The 
concentration of rifampicin can detect by quenching reaction of gold nanoclusters. 
The color intensity was captured by a digital camera and further analyzed using 
ImageJTM.  The decreased fluorescence intensity of BSA-AuNCs in the presence of 
rifampicin allows for the sensitive detection of rifampicin in a range from 0.5 - 823 µg 
mL-1.  The detection limit for rifampicin was measured as 70 ng/mL. 
   Pingping X. et al.  [63] developed a method for measure the 
amount of uric acid by using the reaction of gold nanoclusters.  First, uric acid is 
oxidized with enzyme uricase and allantoin and hydrogen peroxide were generated. 
Hydrogen peroxide was then destroyed the Au-S bond of gold nanoclusters causing 
the reduction of gold nanoclusters intensity.  Under an optimized condition, the 
extent of quenching was found linearly related to uric acid concentration in the 
range of 0.7 – 80 µM, and uric acid as low as 120 nM could be detected. 
   Lei Yan et al. [64] developed a method for the synthesis of 
nanoclusters with microwaves by mixing tetrachloroauric acid, bovine serum albumin 
and sodium hydroxide.  The mixture was then heated in a non-continuous 
microwave mode with a suitable condition to prevent the overheating generated 
during the synthesis.  Finally, the color of the solution was changed from yellowish 
to brown color and appeared red emission under UV irradiation.  The absorption and 
emission peak were located at 510 and 645 nm, respectively.  This method was 
applied to determination of nitrogen oxide (NOx) based on quenching reaction.  
   T. Zhao et al. [65] synthesized gold nanoclusters using bovine 
serum albumin as stabilizer and used for nitric oxide detection.   BSA-AuNCs were 
prepared by added tetrachloroauric acid into bovine serum albumin and stirred for 2 
minutes.  The solution was then added with NaOH and pH was adjusted to 12 with 
continuous stirring at 37 °C for 12 h.  Finally, the solution was changed from 
yellowish to brown color and the size of as-prepared nanoclusters were 1.5 nm with 
red emission peak at 640 nm.  The intensity of AuNCs was decreased when reacted 
with nitric oxide.  Limit of detection of this method is 0.017 mM. 
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  2.4.3.4 Literature reviews based on gold nanoclusters and the 
iodate determination 
  Ruiping L. et al. [66] described specific measurements and high 
sensitivity of iodate measurements using gold nanoclusters.  In the excess of iodide 
solution, iodide is oxidized with iodate to form iodine (I2).  The iodine is combined 
with the remaining iodide to form tri-iodide and then react and erode gold 
nanoclusters resulting in decreasing of fluorescence intensity.  Linear relationship 
between the concentration of iodate and fluorescence intensity is in the range of 10 
nm - 1 µm.  It was found that the limit of detection is 2.8 nanomolar and this 
method can applied to determination of iodate samples with good recovery. 
  Ruiping L. et al. [51] developed the method for determination of 
oxidative agents.  Gold nanoclusters were synthesized using bovine serum albumin 
as stabilizer.  The sensor was applied to iodine detection in which iodide was 
oxidized with an oxidative agent to form as iodine.  Iodine acts as an oxidative agent 
and oxidizes gold nanoclusters to become a charged gold solution that is water-
soluble and resulting in reducing of intensity of gold nanoclusters.  The detection 
limits when applied to nitrite, bromate and periodate determination were 11.7, 1.7 
and 1.5 µM, respectively.  
  Xue-Ling Cao et al. [67] described the application of gold nanoclusters 
as a sensitive and specific sensor for iodine detection.  Study on fluorescence 
spectrum was found that gold nanoclusters had maximum intensity at 610 nm.  
When KI-I2 was added, it was found that intensity of gold nanoclusters was 
decreasing with increasing of KI-I2.  Linearily was in the range of 1.8 – 30 nM.   
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Chapter 3  
Research methodology 

 
3.1 Chemicals and apparatus 
 3.1.1 Chemicals 
 

Name Chemical formula % Purity Suppliers 
Tetrachloroauric (III) acid HAuCl4  · 3H2O ≥ 99.9 Sigma-Aldrich, USA 
Trisodium citrate dihydrate C6H5Na3O7 · 2H2O ≥ 99.0 Sigma-Aldrich, USA 
Sodium chloride NaCl 99.5 LOBA Chemie, India 
Sodium hydroxide NaOH 98.0 Rankem, India 
Anti – PTH (ab 53040) - ≥ 99.9 Abcam, UK 
Phosphate buffer saline 
(PBS) 

- ≥ 95 
Sigma-Aldrich, 
Swizerland 

Parathyroid hormone (PTH) - ≥ 95 Sigma-Aldrich, USA 
Hydrogen peroxide H2O2 39.0 – 41.0 Carlo Erba, Italy 
D-Glucose C6H12O6 ≥ 99.5 Sigma-Aldrich, USA 
Ammonium sulfate (NH4)2SO4 ≥ 95 Carlo Erba, Italy 
Potassium dihydrogen 
phosphate 

KH2PO4 > 99.0 Merck, Germany 

Magnesium sulfate MgSO4·7H2O > 99.0 Carlo Erba, Italy 
Peptone - - SRL, India 
Yeast - - JT group, 

Japan 
Bovine serum albumin - - Across, USA 

Potassium iodate KIO3 99.4 -100.4 Ajax Finechem, 
Australia 

Potassium iodide KI 99.5 
Sigma-Aldrich, 
Switzerland 

Sulfuric acid H2SO4 95 -97 Fisher Chemical, UK 

Citric acid C6H8O7 > 99.0 
Ajax Finechem, 
Australia 

Di-Sodium Hydrogen 
Phosphate Anhydrous 

Na2HPO4 99.0 
Carlo Erba 
Analytical Reagent, 
Spain 
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 3.1.2 Apparatus 
  1) Volumetric flask 
  2) Erlenmeyer flask 
  3) Micropipette 
  4) Beaker 
  5) Microcentrifuge tube 
  6) Hotplate – IKA® C-MAG HS7, Malaysia 
  7) Vortex mixer - Gennie Z Vortex, USA 
  8) UV - visible spectrophotometer - Jasco V630, USA 
  9) pH meter – METTLER TOLEDO Five Easy Plus TM, Germany 
  10) Digital Balance - Shimadzu, Chaina 
  11) Minicentrifuge - TOMOS laboratory products MiniStar Centrifuge, 
Singapore 
  12) Water bath - LAUDA AQUAline AL25, Germany 
  13) UV-Visible spectrophotometer – ISR-2600 Plus, Japan 
  14) Microwave oven – Samsung ME81KS-1, Korea 
  15) Permanent pen - 1225 Faber-CastelTM multimark permanent, 
Germany 
  16) Transmission electron microscope, FEI-TECNAI T20 G2, Netherlands 
  17) Spectrofluorometer – Jasco FP6300, USA 
  18) Field Emission Scanning Electron Microscopes (FE-SEM) - HITACHI 
SU-8010, Japan 
 
3.2 Research methodology 
 3.2.1 Clinical diagnosis of hyperparathyroidism 
  All chemical solutions were prepared using autoclaved deionized-
distilled (DI) water throughout the experiment. 
  3.2.1.1 Chemical preparation 
   (1) Preparation of the solutions for the synthesis of gold 
nanoparticles (AuNPs) 
   1.1) 0.01 % w/v tetrachloroauric (III) acid 
    Dissolve 0.01XX g of tetrachloroauric (III) acid and adjust 
to 100.00 mL with DI water. 
   1.2) 1.00 % w/v trisodium citrate 
    Dissolve 0.25XX g of trisodium citrate and adjust to 
25.00 mL with DI water. 
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   (2) Preparation of pH 7.0 phosphate buffer saline solution 
(PBS) 
    Dissolve 1 tablet of phosphate buffer saline in 200.00 
mL of DI water to get 0.01 mol L-1 pH 7.00 phosphate buffer saline solution. 
 
   (3) Preparation of conjugation solution 
   3.1) 0.10 mg mL-1 anti - parathyroid hormone  
    Pipettes 10.00 µL from stock 1 mg mL-1 of anti - 
parathyroid hormone and adjust to 100 µL with phosphate buffer saline solution. 
 
   3.2) 10.00 % w/v sodium chloride 
    Dissolve 0.10XX g of sodium chloride and adjust to 1.00 
mL with DI water. 
   3.3) 1.00 mol L-1 sodium hydroxide 
    Dissolve 0.40XX g of sodium hydroxide and adjust to 
10.00 mL with DI water. 
   3.4) 0.05 mol L-1 sodium hydroxide 
    Pipettes 0.50 mL of solution in 3.3) and adjust to 10.00 
mL with DI water. 
 
   (4) Preparation of standard parathyriod hormone solution 
   4.1) 5 x 10-7 pg mL-1 parathyroid hormone 
    Dissolve 50 µg of stock parathyroid hormone and adjust 
to 1.00 mL with DI water. 
   4.2) 1, 10, 100, 1,000 and 5 x 103 pg mL-1 parathyroid hormone 
    Pipette from standard 5 x 105 pg mL-1 parathyroid 
hormone solution as in the table below and adjust with DI water to 1.00 mL.  
 

Concentration of 
standard parathyroid 

hormone solution  
(pg mL-1) 

Pipetted volume 
(µL) 

Final concentration of standard 
parathyroid hormone solution in 

1.00 mL volumetric flask 
(pg mL-1) 

5 x 105 10 5 x 103 
5 x 103 200 1000 
1000 100 100 
100 100 10 
10 100 1 
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   (5) Preparation of blood samples 
    Rat blood samples were purchased from National 
Laboratory Animal Center, Thailand.  Each sample was centrifuged at 13,000 rpm for 
40 min and then filtered through a 0.22 µm nylon membrane filter. 
 
  3.2.1.2 Experiment 
   (1) Synthesis of gold nanoparticles [53] 
    100.00 mL of 0.01 % w/v tetrachloroauric (III) acid was 
heated to boiling point, followed by rapidly adding 2.00 mL of 1.00 % w/v sodium 
citrate and stirred for 15 min.  The solution was kept cooled at room temperature 
and stored at 4 °C.  The particles were characterized using a transmission electron 
microscope (TEM) and a UV- Vis spectrophotometer. 
 
   (2) Conjugation of antibody and colloidal gold 
nanoparticles      
    100.00 µL of the gold nanoparticles was adjusted to pH 
7.00 using 0.05 mol L-1 sodium hydroxide and then placed into a micro centrifuge 
tube followed by 15.00 µL of 0.1 mg mL-1 antibody and leaved for 5 min.  Then, 
15.00 µL of 10.00 % w/v sodium chloride was added and incubated at 25 °C for 1 hr.  
Finally, the solution was used without any purification. 
 
   (3) Procedure for parathyroid hormone determination 
    10.00 µL of each concentration of standard PTH was 
added to the conjugated gold nanoparticles and adjusted with PBS buffer to 150.00 
µL and incubated for 1 hr at 25 °C.  The surface plasmon bands of the particles were 
measured from 400 – 800 nm using UV – Vis spectrophotometer. 
 
  3.2.1.3 Study on optimization conditions 
   3.2.1.3.1 Study on effect of pH of gold nanoparticles on 
conjugation of antibody 
    pH of gold nanoparticles solution was adjusted to 
finally pH 5 - 9 using 0.05 mol L-1 sodium hydroxide before conjugated with antibody.  
Conjugation procedure was the same as described above. 
 
   3.2.1.3.2 Study on effect of antibody volume  
    Effect of antibody volume on conjugation with gold 
nanoparticles was studied from 0 - 20 µL.  Conjugation procedure was the same as 
described above. 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



39 
 

 
 

   3.2.1.3.3 Study on effect of reaction time 
    Effect of reaction time was studied from 30 min - 2 hr.  
Detection procedure was the same as described in section 3.2.1.2 (3). 
    
  3.2.1.4 Study on analytical performances 
   3.2.1.4.1 Accuracy (recovery) 
    Accuracy was studied by evaluation on analytical 
recovery.  Spiked samples were prepared by adding 10.00 µl of 50.00 and 100.00 
pg mL-1 standard PTH solutions into microcentrifuge tube.  Each tube was contained 
with 100.00 µL of AuNPs, 15.00 µL of antibody, 15.00 µL of NaCl and 10 µL of the 
blood sample.  The measurement procedure is described in section 3.2.1.2 (3). 
    
   3.2.1.4.2 Precision (% RSD) 
                 % RSD was considered for precision of the method.  
The reproducibility was studied by a series of ten repetitive measurements of 10 and 
100 pg mL-1 PTH. 
 
            3.2.1.4.3 LOD and LOQ 
                 The limit of detection (LOD) and the limit of 
quantitation (LOQ) were calculated by the calibration curve method using the 
following equations: 
                                                LOD = yB + 3SB                                           

LOQ = yB + 10SB 
 

 Where yB is intercepts of regression line and SB is standard deviation of 
intercepts of regression line. 

 3.2.2 Determination of hydrogen peroxide 
  All chemicals are analytical reagent grade and deionized-distilled (DI) 
water from Zeneer up 900 (Human corporation, USA) was used throughout.   
 
  3.2.2.1 Chemical preparation 
   (1) Preparation of the solutions for preparation of bacterial 
cellulose 
   1.1) Hestrin-Schramm’s medium [68] 
    Dissloved 10.xxxx g glucose, 2.5xxx peptone, 2.5xxx g of 
yeast extract, 1.35xx g Na2HPO4 and 0.6xxx g citric acid in 500.00 mL DI water and 
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Erlenmeyer flasks each flask was covered with cotton balls and then autoclaved at 
121°C for 15 min.  5 mL of starter BC from coconut juice was added to each flask and 
kept for growing. 
   1.2) Erhan Zor’s medium [26] 
    Dissloved 25.xxxx g glucose, 2.5xxx g of yeast extract, 
2.5xxx g (NH4)2SO4, 2.xxxx g KH2PO4 and 0.05xx g MgSO4·7H2O in 500.00 mL DI water 
and adjusted pH to 5.2 – 5.3 using 1 molL-1 NaOH.  The medium was separated into 
5 Erlenmeyer flasks each flask was covered with cotton balls and then autoclaved at 
121°C for 15 min.  5 mL of starter BC from coconut juice was added to each flask and 
kept for growing. 
 
   (2)  Preparation of the solutions for embedding of AuNPs 
on nanopaper 
   2.1) Stock solution of 50 mmol L-1 HAuCl4  
    Dissolving 1.97 g of HAuCl4∙3H2O and adjust with DI 
water to 100.00 mL. 
   2.2) 0.75 mmol L-1 HAuCl4  
    Pipetting an aliquot of 375 µL of the stock HAuCl4 
solution and making to 25.0 mL with water (freshly prepare). 
    
   (3) Preparation of solutions for hydrogen peroxide 
determination 
    1 – 20 % v/v H2O2 solutions were pipette from standard 
35 % v/v H2O2 solution as in the table below and adjust with DI water to 100.00 mL. 
 

Concentration of 
H2O2solution 

(% v/v) 

Pipetted volume 
(mL) 

Final concentration of standard 
H2O2 solution in 100.00 mL 

volumetric flask 
(mmol L-1) 

35 

2.86 1 
14.28 5 
28.57 10 
57.14 20 

 
   (4) Preparation of wound cleaner samples 
    All wound cleaner samples can use without any further 
purification.   
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  3.2.2.2 Experiment 
   3.2.2.2.1 Preparation of bacterial cellulose nanopaper (BC) 
    (1) Study on effect of culture medium 
     There are 2 difference culture media were 
competed, Hestrin-Schramm’s medium [68] and Erhan Zor’s medium [26] 
respectively.  BC in each medium was kept for growing for 6 days.  The BC was then 
purified by soaking in 5 % w/w NaOH at ambient temperature for 24 h.  and 
bleached in the mixture of 1 % w/w NaOH and 0.2 % w/v H2O2 at 80 °C for 1 h.  
Finally, the BC was washed with DI water several times until pH of washing water is 
nearly 6.0.  Physical properties of the BC were then characterized using scanning 
electron microscope (SEM, FEI: QUANTA 250, USA).  The criteria for choosing a 
suitable medium are growth rate and transparency of nanopaper.   
     
   3.2.2.2.2 Preparation of the AuNPs-BC nanopaper 
    Briefly, 25.0 mL of 0.75 mmol L-1 HAuCl4 was boiled until 90 °C. 
Then, a piece of the purified wet BC nanopaper (30 mm  and 3 mm thickness) was 
put into the boiled HAuCl4 solution.  This solution was continuously heated for 60 
min under vigorous stirring.  The AuNPs-BC nanopaper was washed with 20 mL water 
to removed excess HAuCl4 before use. The wet as-prepared nanopaper was dried 
overnight (~12 h) at ambient temperature. The dried AuNPs-BC nanopaper was 
characterized using a UV-visible spectrophotometer and a Field Emission-Scanning 
Electron Microscope (FE-SEM) with an Energy Dispersive X-Ray Spectrometer (EDS), for 
evaluation of its absorption spectrum, morphology and Au0 content, respectively. 
 
   3.2.2.2.3 Optimization study for the detection of H2O2  
    (1) Effect of pH of citrate buffer 
     The effect of pH of the citrate buffer solution 
was studied from pH 3.0 to 6.0 when the concentration of the buffer was kept at 20 
mmol L-1.  A concentration of 30 % (v/v) H2O2 was studied.  The ΔAbs at 525 nm 
(Abs before dropping hydrogen peroxide – Abs after dropping hydrogen peroxide) was calculated and was 
plotted against the investigated pH value. 
 
    (2) Effect of citrate buffer concentration 
     The effect of the concentration of citrate buffer 
was studied from 1 to 40 mmol L-1 when pH of the buffer was fixed at 6.0.   
A concentration of 30 % (v/v) H2O2 was investigated. 
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    (3) Effect of incubation temperature 
     The effect of the incubation temperature was 
investigated from the ambient temperature (~ 25 °C) to 50 °C by using 20 mmol L-1 
citrate buffer (pH 6.0). 
 
    (4) Effect of incubation time 

     The effect of incubation time was evaluated 
from 5 to 50 min when 20 mmol L-1 citrate buffer (pH 6.0) was exploited. 
 
   3.2.2.2.4 Study on analytical performances 
    (1) Determination of hydrogen peroxide in wound 
cleaner samples 
     The dried AuNPs-BC nanopaper was cut into a 
piece with dimension of 10 mm width x 25 mm length x 1 mm thickness.  Aliquots of 
400 µL of 20 mmol L-1 citrate buffer (pH 6.0) and 100 µL of standard H2O2 (or 
samples) were transferred onto the AuNPs-BC nanopaper. The nanopaper was then 
put in a plastic zip-lock bag and placed into the thermostat bath (40 °C) for 10 min. 
Later, the nanopaper was directly attached in front of the sample holder inside a UV-
visible spectrophotometer. The absorbance readings at 525 nm of each nanopaper 
before and after dropping of H2O2 solution were recorded. Difference in the 
absorbances (ΔAbs525nm) was evaluated.  Calibration was constructed by plotting the 
ΔAbs525nm against the concentrations of the standard solutions of H2O2 
      
    (2) Accuracy (recovery) 
     Accuracy was studied by evaluation on 
analytical recovery.  Recovery study was carried out by spiking of the standard H2O2 
solutions of 3 % (v/v) into wound cleaner samples, respectively. 
    
    (3) Precision (% RSD) 
                 Precision of the developed method was 
studied by pipetting an aliquot of 100 µL of standard H2O2 (10 % v/v) onto 10 
different sheets of the AuNPs-BC nanopapers. The RSD was calculated based on 
using the absorbance reading obtained by each nanopaper. 
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    (4) LOD & LOQ 
     The limit of detection (LOD) and the limit of 
quantitation (LOQ) were calculated by the calibration curve method using the 
following equations: 
 
                                                LOD = yB + 3SB                                           

LOQ = yB + 10SB 
 

 Where yB is intercepts of regression line and SB is standard deviation of 
intercepts of regression line. 
 
 3.2.3 Quality control of iodized table salts 
  All chemical solutions were prepared using deionized-distilled (DI) 
water throughout the experiment. 
 
  3.2.3.1 Chemical preparation 
   (1) Preparation of the solutions for the synthesis of gold 
nanocluster  
   1.1) 10 mmol L-1 tetrachloroauric (III) acid 
    Dissolve 0.0985 g of tetrachloroauric (III) acid and adjust 
to 25.00 mL with DI water. 
   1.2) 50 mg mL-1 bovine serum albumin  
    Dissolve 1.25xx g of bovine serum albumin and adjust 
to 25.00 mL with DI water. 
   1.3) 1 M sodium hydroxide 
    Dissolve 0.40xx g of sodium hydroxide and adjust to 
10.00 mL with DI water. 
   (2) Preparation of solutions for the iodate determination 
   2.1) 200 mmol L-1 citrate – phosphate buffer pH 7.00 
    200 mmol L-1 citrate – phosphate buffer (pH 7.00) was-
prepared by adding 0.1 mol L-1 citric acid in 0.2 mol L-1 disodium hydrogen 
phosphate.  This solution was adjusted to a final pH of 7.00 by using either citric acid 
or disodium hydrogen phosphate and volume of the solution was adjusted to 100.00 
mL by DI water. 
   2.2) 0.1 mol L-1 potassium iodide 
    Dissolve 0.1660 g of potassium iodide and adjust to 
10.00 mL with DI water. 
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   2.3) 1 mol L-1 sulfuric acid 
    Pipette 0.56 mL from stock 95 % sulfuric acid and 
adjust to 10.00 mL with DI water. 
   2.4) 10 mmol L-1 potassium iodate 
    Dissolve 0.0535 g of potassium iodide and adjust to 
10.00 mL with DI water. 
   2.5) 0.005 – 0.10 mmol L-1 potassium iodate 
    Pipette from standard 10 mmol L-1 potassium iodate 
solution as in the table below and adjust with DI water to 10.00 mL.  
 

Concentration of 
standard potassium 

iodate solution  
(mmol L-1) 

Pipetted volume 
(µL) 

Final concentration of standard 
potassium iodate solution in 
10.00 mL volumetric flask 

(mmol L-1) 

10 

5 0.005 
10 0.010 
20 0.020 
30 0.030 
40 0.040 
50 0.050 
80 0.080 
100 0.100 

 
   (3) Preparation of salt and fish sauce samples 
   3.1) The solution salt samples were prepared by dissolved 
10.xxxx g of each sample with DI water and adjusted to 100.00 mL.   
   3.2) Fish sauce samples were used without any sample 
pretreatment step. 
 
  3.2.3.2 Experiment 
   (1) Fabrication of the foldable PAD   

    Fig. 3.1 shows an image of the foldable PAD for 
membraneless gas-separation.  The rectangular PAD (35 x 90 mm2) was made of a 
laboratory filter paper No. 2 (Advantec, Taiwan). Two circular reservoirs with the 
same dimension ( = 9 mm i.d.) are assigned as the acceptor and the donor.  The 
hydrophobic barrier (2 mm thick) of each reservoir was created by painting with a 
1225 Faber-Castel permanent pen (Nanmee, Thailand) and a commercially available 
plastic template.  The ink was dried at room temperature (1 min) for complete 
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evaporation of the ink solvent. A 3MTM two-sided mounting tape (2 mm thickness) 
was attached on top of the paper around the donor reservoir.   This offers proximity 
mounting the acceptor and the donor after folding.   It is also useful for preventing 
leakage of volatile analyte out of the PAD headspace.  
 
 

 
Figure 3.1 An optical image of the foldable PAD (with its dimensions) for  
        membraneless gas-separation. 
 
   (2) Synthesis of gold nanoclusters 
   AuNCs were synthesized with some modification from Lei Y. et 
al. [49] At first, 2.0 mL of 10 mM HAuCl4 was introduced into a dark bottle, followed 
by adding 2.0 mL of 50 mg mL-1 BSA and 0.2 mL of 1.0 mol L-1 NaOH.  The solution 
was heated using a microwave oven at 100 watt for 9 min.  The as-prepared AuNCs 
was kept in dark under 4 °C and were optical characterized by a spectrophotometer 
and a fluorometer.  
 
   (3) Analytical procedure for determination of iodate  
   An aliquot of 60 µL buffer pH 7.00 and 60 µL of 15.63 x 10-3 
mmol L-1 AuNCs was dropped onto the acceptor side of the PAD.  Later, 60 µL of tri-
iodide from salt sample containing IO3

-, 0.10 mol L-1 I- and 1.00 mol L-1 H2SO4 were 
transferred onto the donor side.  The PAD was then folded from left to right and 
mounted together by two pieces of 2 mm thickness adhesive tapes.  After folding, 
head-space between both sides was generated.  Iodine vapour is diffused from the 
donor side to react with AuNCs on the acceptor side.  Then, fluorescence intensity 
and color intensity under UV irradiation of reacted AuNCs was measured within 15 
min using fluorometer and captured by a smartphone, respectively.  
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  3.2.3.3 Study on optimization conditions 
   3.2.3.3.1 Study on optimization conditions for synthesis of 
AuNCs 
   1) Study on effect of heating power 
     Heating power for synthesis of AuNCs was studied from 
90 - 300 watt.  Procedure for synthesis of AuNCs was the same as described above. 
 
 
   2) Study on effect of heating time 
    Heating time for synthesis of AuNCs was varied from 6 -
12 min.  Procedure for synthesis of AuNCs was the same as described above. 
 
   3) Study on effect of albumin concentration 
    Effect of albumin concentration was studied from 30 -
80 mg mL-1.  Procedure for synthesis of AuNCs was the same as described above. 
 
   4) Study on effect of sodium hydroxide concentration 
    Effect of albumin concentration was studied from 0.25 -
3.00 mol L-1.  Procedure for synthesis of AuNCs was the same as described above. 
 

3.2.2.3.2 Study on optimization conditions for determination of iodate 
   1) Study on effect of potassium iodide concentration  
    Potassium iodide concentration was studied form 0.01 
– 1 mol L-1.  Detection procedure was the same as described above. 
 
   2) Study on effect of sulfuric acid concentration 
    Effect of H2SO4 concentration was studied from 0.10 -
1.50 mol L-1.  Procedure for iodate determination was the same as described above. 
 
   3) Study on effect of pH of buffer 
    pH of buffer was varied from pH 4 – pH 8.  Detection 
procedure was the same as described above. 
 
   4) Study on effect of AuNCs volume 
    Effect of AuNCs volume was studied from 20 – 80 µL.  
Procedure for iodate determination was the same that described above. 
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   5) Study on effect of buffer volume 
    Effect of buffer volume was studied from 20 – 80 µL.  
Procedure for iodate determination was the same as described above. 
 
   6) Study on effect of tri - iodide volume  
    Effect of tri - iodide volume was studied from  
20 – 80 µL.  Procedure for iodate determination was the same as described above. 
 
   7) Study on effect reaction time 
    Reaction time for iodate determination was studied 
from 5 – 20 min.  Detection procedure was the same as described above. 
 
  3.2.3.4 Study on analytical performances 
   3.2.3.4.1 Accuracy (recovery) 
    Accuracy was studied by evaluation on analytical 
recovery.  Recovery was measured by adding standard iodate solution to salt sample 
solution and fish sauce to obtain the final added concentration of 40 µmol L-1. The 
experiment was carried out using spectrofluorometer as the detector.   
 
   3.2.3.4.2 Precision (% RSD) 
    % RSD was considered for precision of the method.  
Reproducibility was verified by applying 0.1 mmol L-1 iodate to 10 different PADs. 
 
         3.2.3.4.3 Selectivity 
                 Selectivity was studied in the test tubes by adding 10 
µL of 1 mM of each interference into the mixture solution of 10 µL of 0.10 M KI and 
10 µL of 1 M H2SO4 and the solution was incubated for 9 min.  After that 10 µL of 
AuNCs was then added and adjusted with buffer solution pH 7.0 to 1.00 mL.  The 
solution was kept in dark for reaction for 20 min and the fluorescence intensity of 
the solution was measured using spectrofluorometer. 
 
  3.2.3.5 Validation 
   The developed method was validated against iodometric 
titration method.  Samples for validation were the same solution prepared in section 
3.2.2.1 (3).  The results were compared using ANOVA test. 
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Chapter 4 
Results and Discussion 

 
4.1 Clinical diagnosis of hyperparathyroidism 
 4.1.1 Characteristics of the as-prepared gold nanoparticles and their 
conjugation with antibody  
  Gold nanoparticles (AuNPs) were synthesized by the reduction of 
tetrachlorouric acid solution using sodium citrate as a reducing agent.  The as-
prepared AuNPs were then conjugated with antibody.  Surface plasmon bands and 
TEM images of the non-conjugated AuNPs and the conjugated AuNPs are shown in 
Figure 4.1 and 4.2, respectively. 
  Results in Figure 4.1 show that the color of the non-conjugated AuNPs is 
red-wine and the maximum peak of the surface plasmon band is located at 521 nm.  
The result from TEM image also shows that shape of the non-conjugated AuNPs is 
spherical with an average size of 10.71 ± 4.64 nm. 
 
 

 
Figure 4.1 (A) surface plasmon band (B) color (C) TEM images of the as-prepared  
       AuNPs and (D) size distribution of the as-prepared AuNPs. 
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 After conjugation, the surface plasmon band is slightly shifted from 521 to 
531 nm.  TEM images before and after conjugation (Figure 4.2 (B) and (C)) also show 
that the size of particles are slightly bigger due to the interaction of the antibody and 
colloidal AuNPs.  The antibody can be adsorbed on the surface of AuNPs by 3 
phenomena: 1) hydrophobic attraction between antibody and NPs surface 
2) interaction between negatively charged NPs and the positively charged site of 
antibody and 3) dative bonding between the metal and nitrogen and sulfur atom of 
antibody [69].  Interaction between AuNPs and antibody were shown in Figure 4.3. 
  

 
 

Figure 4.2 (A) surface plasmon bands of the conjugated AuNPs (B) and (C) TEM    
       images of non-congugated AuNPs and conjugated AuNPs, respectively. 
  

 
Figure 4.3 Hydrophobic and ionic interactions between antibody and gold
 nanoparticle surface. A) hydrophobic interaction B) ionic interaction C) a 
 covalent bond is formed due to dative binding [70]. 
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 4.1.2 Preliminary results on the parathyroid hormone determination 
  The conjugated AuNPs solution was used for the parathyroid hormone 
(PTH) determination by adding individual concentration of standard PTH and the 
reaction was incubated for 1 hr.  Results are shown in Figure 4.4. 
  Results show that absorbances of the AuNPs are decreased proportionaly 
to the concentration of PTH in the range of 10 – 1,000 pg mL-1 and the surface 
plasmon band is shifted to 541 nm because of interaction between carboxyl and 
amino group of PTH with the conjugated AuNPs. This results in aggregation of AuNPs. 
 

 
Figure 4.4 (A) spectra of AuNPS after interaction with PTH and (B) linear calibration    
        for the PTH determination (from 10 – 1,000 pg mL-1 PTH). 
 
 4.1.3 Study on optimization conditions 
  4.1.3.1 Effect of pH of AuNPs on conjugation of antibody 
   The pH of gold nanoparticles solution was adjusted to finally 
pH   5 - 9 using 0.05 mol L-1 sodium hydroxide.  The adjustment was carried out 
before conjugation with antibody.  Critiria for selection of the suitable pH are based 
on the wavelength shift and the absorbance reading change.  The pH that can 
maintain the red-wine color of the AuNPs solotion, without the changes of 
wavelength and the absorbance, is regarded as the optimal pH.  Results are shown in 
Table 4.1 and Figure 4.5. 
   Results in Table 4.1, after the pH adjustment, maximum 
wavelength was not shift. The red-wine colored AuNPs solution was observed (Figure 
not shown). This confirms that self-aggregation of the nanoparticles were not 
occurred.  After pH adjustment, the AuNPs were then conjugated with antibody.  
Results in Figure 4.5 show that the absorbance reading at pH 7.0 are not different.  
This also confirms that self-aggregation was not allowed.  However, at lower or higher 
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pH values, the absorbance readings are strongly decreased.  This is due to denature 
of antibody which can bring about precipitation of the nanoparticles. 
    
Table 4.1 Maximum wavelength and absorbance of AuNPs before and after 
conjugation at difference pH. 
 

pH 
Maximum wavelength (nm) Absorbance at 521 nm 

Before pH 
adjusted 

After pH 
adjusted 

After 
conjugation 

Before 
conjugation 

After 
conjugation 

5 521 521 534 0.60 0.31 
6 521 524 533 0.62 0.48 
7 521 522 531 0.63 0.66 
8 521 522 539 0.82 0.36 
9 521 521 533 0.84 0.66 

 

 
Figure 4.5 Absorbance of AuNPs at difference pH values between before and  
       after conjugation. 
 
  4.1.3.2 Effect of antibody volume on conjugation of antibody 
   The effect of antibody volume on conjugation with AuNPs was 
studied from 0 - 20 µL. The minimum volume of antibody that can stabilize colloidal 
AuNPs form aggregation is considered as the optimum volume.  Results are shown in 
Table 4.2 and Figure 4.6.  
   It is found from Figure 4.6 (A) that at 15 and 20 µL of antibody, 
Δλmax values are minimum.  This refers to slightly shift of the maximum wavelength 
before and after addition of the antibody.  This implies that self-aggregation was not 
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found.  A volume of 15 µL was suitable as regarding in term of low reagent 
consumption. 
    
Table 4.2 Maximum wavelength and absorbance of AuNPs before and after 
conjugation at difference antibody volume. 
 

Antibody 
volume (µL) 

Maximum wavelength (nm) Absorbance at 521 nm 
Before 

conjugation 
After 

conjugation 
Before 

conjugation 
After 

conjugation 
0 521 521 0.96 0.96 
3 521 548 0.96 0.37 
5 521 550 0.96 0.41 
10 521 540 0.96 0.73 
15 521 535 0.96 0.80 
20 521 535 0.96 0.78 

 

 
Figure 4.6 (A) Δ maximum wavelength and (B) absorbance of AuNPs after            
        conjugation at difference antibody volumes. 
 
  4.1.3.3 Effect of reaction time 
   The effect of reaction time was studied from 30 min - 2 hr.  
Results are presented in Table 4.3 and Figure 4.7.  Results from Table 4.3 and Figure 
4.7 show that poor linearity (r2 = 0.554) is observed at 30 min due to incomplete 
reaction.  In contrast, good linearities are providing at 1 and 2 h (r2 > 0.98).  It is 
because the reactions reached the equilibrium.  So, 1 h reaction time was selected. 
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Table 4.3 Maximum wavelength and absorbance of AuNPs at difference reaction 
time. 
 

Concentration 
of PTH  

(pg mL-1) 

Log 
concentration 

of PTH  
(pg mL-1) 

Maximum 
wavelength (nm) 

Absorbance 

30 min 1 h 2 h 30 min 1 h 2 h 

0 0 542 541 542 0.47 0.48 0.50 
10 1 539 538 542 0.35 0.46 0.47 
100 2 540 541 542 0.33 0.44 0.44 
1,00 3 549 538 545 0.35 0.41 0.42 

 
Figure 4.7 Linear calibrations at difference reaction times. 

 
Optimum condition are summarized and shown in Table 4.4. 
 
Table 4.4 Optimum condition for determination of PTH. 
 
Condition Studied range Selected value 
pH of AuNPs pH 5 – pH 9 pH 7 
Antibody volume 0 -20 µL 15 µL 
Reaction time 30 min – 2 h 1 h 
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  4.1.4 Analytical performances  
  4.1.4.1 Linear calibration  
   Under optimum conditions, the linear calibration between log 
of the concentration and Δ absorbance was plotted.  It is found that, surface 
plasmon bands of AuNPs is decreased proportionally to PTH concentration and the 
color of the solution is changed from red to bluish-purple.  This developed method 
can determine PTH concentration in the range of 10 – 1,000 pg mL-1 with good 
linearity. The results from TEM image is confirmed that after reaction, the AuNPs 
became aggregation.  
  

    

 
 

Figure 4.8 (A) spectra of AuNPs in the presence of various concentration of PTH ((a) 
     pure AuNPs, (b) – (e) are the AuNPs in the presence of 0, 10, 100 and 1,000 
     pg mL-1, respectively) (B) red wine to purple-colored solution of AuNPs 
     and (C) linear calibration for PTH detection and (D) TEM image of AuNPs in 
     the presence of PTH 100 pg mg-1. 
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  4.1.4.2 Accuracy (Recovery) 
   Accuracy was studied by evaluation on analytical recovery 
when mice blood samples were used.  Results in Table 4.5. present that analytical 
recoveries are 98.36 and 104.94 %.  This means matrix effect is not occurred. 
 
Table 4.5 The recovery study of PTH determination. 
 

Sample No. 
Concentration of PTH (pg mL-1) 

% Recovery 
Original Added Found 

S1 34.40 90.13 123.05 98.36 
S2 19.05 57.54 79.43 104.94 

    
  4.1.4.3 Precision (% RSD) 
   % RSD was considered for precision of the method.  The 
reproducibility was studied by a series of ten repetitive measurements of 10 and 100 
pg mL-1 PTH.  There are found that % RSD for 10 and 100 pg mL-1 PTH were 2.1 and 
 2.5 %, respectively.  This implies that the method gave high precision. 
 
  4.1.4.4 LOD and LOQ 
   The limit of detection (LOD) and the limit of quantitation (LOQ) 
were calculated by the calibration curve method.  This method provides LOD  
(yB + 3SB) of 1.7 and LOQ (yB + 10SB) of 5.7pg mL-1.      
 
 Analytical performances are summarized and shown in Table 4.6. 
 
Table 4.6 Summary on analytical performances of the developed method for the 
determination of PTH. 
 

Performances Value 

Linearity range (pg mL-1) 10 – 1,000  

Coefficient of determination (r2) 0.9964 

RSD (n = 10) at 10 and 100 pg mL-1 PTH (%) 2.1 and 2.5  

Recovery (%) 98.4 – 104.9  

LOD (yB + 3SB) (pg mL-1) 1.7  

LOQ (yB + 10SB) (pg mL-1) 5.7  
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4.2 Determination of hydrogen peroxide  
 4.2.1 Preparation of bacterial cellulose nanopaper (BC) 
  4.2.1.1 Study on effect of culture medium 
   Effect of culture medium was studied by using 2 difference 
culture media, i.e. Hestrin-Schramm’s medium and Erhan Zor’s medium. The criterian 
for choosing suitable medium is its transparency.  It is observed from Figure 4.9 that 
BC from Hestrin-Schramm’s medium is pale milky-white and more transparence 
while the color of BC from Erhan Zor’s medium was gray and turbid.  Therefore, 
Hestrin-Schramm’s medium is considered as suitable medium. 
 

 
 

Figure 4.9 Optical image of BC obtained by difference culture medium: (A) Hestrin- 
      Schramm’s medium and (B) Erhan Zor’s medium. 
 
  4.2.1.2 Physical characteristic of bacterial cellulose nanopaper 
(BC) 
   Physical characteristic of BC was studied using scanning 
electron microscope.  Results are presented in Figure 4.10.  The result reveals that 
structure of nanopaper is densely of fibers in submicro scale.  Compared with 
Whatman filter paper no. 1, the size of filter paper was bigger.  Therefore, the 
cellulose nanopaper was growth in nano - scale as expected. 
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Figure 4.10 Scanning electron micrographs of (A) Bacterial cellulose nanopaper and  
        (B) Whatman no. 1 filter paper. 
 
 4.2.2 Characterization of the AuNPs-BC nanopaper 
   The bare BC nanopaper exploited throughout this work was obtained 
using a bottom-up approach where the nanofibers were created by Acetobactor 
xylinuim, which synthesized cellulose and subsequently assembled bundles of 
cellulose nanofibrils. The bare BC nanopaper was used as both a reducing agent and 
a template for the preparation of the AuNPs-BC nanopaper. By this preparation, the 
penetrated Au (III) ions into the BC network were gradually reduced to the Au0 
nanoparticles due to the presence of hydroxyl groups on the surface of the bare BC 
nanopaper [71]. 
   Figure 4.11A and 4.11B illustrate the photographic images of the wet 
bare BC nanopaper (after bleaching) and the dried AuNPs-BC nanopaper, prepared by 
this work, respectively.  The color of the nanopaper is changed from milky-white to 
wine-red after the embedding process.  The absorption spectra of these nanopapers 
were recorded by UV-visible spectrophotometer and were compared to the 
absorption spectrum of the colloidal AuNPs solution.  Results in Figure 4.11C show 
that a shoulder peak at 525 nm is obtained by the AuNPs-BC while this shoulder is 
not appeared by the bare BC.  This wavelength is the maximum absorption 
wavelength of the colloidal gold solution. 
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Figure 4.11 The photographic images of: (A) the wet bare BC nanopaper and (B) the  
        dried AuNPs-BC nanopaper, synthesized using 0.75 mmol L-1 HAuCl4 as 
        the precursor solution. (C) The overlaid absorption spectra of 1.03  
        nmol L-1 of AuNPs solution, the dried AuNPs-BC nanopaper and the dried 
        bare BC nanopaper. 

 
  .  The nanopapers were further characterized by FE-SEM and EDS. The 
SEM images of the bare BC and the as-prepared AuNPs-BC nanopapers are presented 
in Figure 4.12A and 4.12B, respectively.  Figure 4.12A shows that bundles of cellulose 
nanofibrils are observed.  It is also clearly demonstrated in Figure 4.12B that Auo is 
occurred and is deposited onto the fibril of the nanopaper.  Results by EDS in Figure 
4.13 also reveal that the EDS line of Au0 is existed and the Au0 content of 97.3 
weight % is found.  These results confirm that the AuNPs-BC nanopaper was 
successfully prepared.  However, the observed content of Au(0) is moderately high 
and is not represented for the Au(0) content of the whole nanopaper sheet.  It is 
because the image of the as-prepared nanopaper was captured and then was 
focused especially on the area that there were a larger numbers of Au(0) 
nanoparticles, deposited in the BC nanopaper. 
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Figure 4.12 The SEM images of (A) the dried bare BC nanopaper and (B) the dried  
         AuNPs-BC nanopaper, prepared when 0.75 mmol L-1 HAuCl4 was  
         used as the precursor.  

 
Figure 4.13 The EDS spectrum of the dried AuNPs-BC nanopaper and its  
  corresponded Au0 content obtained by the elemental analysis. 

 
 4.2.3 Optimization study for the detection of H2O2  
  4.2.3.1 Effect of pH of citrate buffer 
   The effect of pH of the citrate buffer solution was studied from 
the values of 3.0 to 6.0 when the concentration of the buffer was kept at  
20 mmol L-1.  A concentration of 30 % (v/v) H2O2 was studied. The Abs of the 
nanopaper at 525 nm (Abs before dropping hydrogen peroxide – Abs after dropping hydrogen peroxide) was 
calculated and was plotted against the investigated pH value.  Results are shown in 
Figure 4.14 The Abs525nm is faintly increased when the pH value is increased.   
The low pH value can induce aggregation of gold nanoparticles which results in red 
shift of plasmonic absorption peak and decreasing in the absorbance reading at 525 
nm [72,73].  As the pH value of 6.0 provides the highest signal, this value is selected 
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as the optimal pH value.  Note that we also investigated the effect of the pH values 
from 7.0 to 9.0 using ammonium buffer (20 mmol L-1). It was found that after 
dropping the buffer solution, the color of the AuNPs-BC nanopaper turned to dark 
purple.  It might be because of the precipitation of colloidal gold nanoparticles at 
higher pH values [74]. 
     

 
Figure 4.14 Effect of the pH solution of 20 mmol L-1 citrate buffer.  

 
  4.2.3.2 Effect of citrate buffer concentration 
    The effect of the concentration of citrate buffer was studied 
from 1 to 40 mmol L-1 when pH of the buffer was fixed at 6.0.  A concentration of 
30 % (v/v) H2O2 was investigated.  Results in Figure 4.15 indicate that when the 
concentration of the buffer is increased from 1 to 20 mmol L-1, the Abs525nm is 
also increased.  At higher concentration, the Abs525nm is decreased.  It was due to 
the self-aggregation effect of the AuNPs, induced by salt ions, existed in the buffer 
solution [75].  The concentration of 20 mmol L-1 is chosen as the highest signal is 
achieved. 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



61 
 

 
 

 
Figure 4.15 Effect of the concentration of the citrate buffer at pH 6.0. 

 
  4.2.3.3 Effect of incubation temperature 
    The effect of the incubation temperature was investigated 
from the ambient temperature (~ 25 °C) to 50 °C by using 20 mmol L-1 citrate buffer 
(pH 6.0). Results in Figure 4.16 show that when the temperature is risen, the 
Abs525nm is increased up to 40 °C.  At higher temperature, the signal is decreased 
accordingly to the decomposition of H2O2 under too high temperature.  Therefore, 
40 °C is selected. 

 
Figure 4.16 Effect of incubation temperature. 
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  4.2.3.4 Effect of incubation time 
   The effect of incubation time was evaluated from 5 to 50 min when 
20 mmol L-1 citrate buffer (pH 6.0) was exploited.  Results in Figure 4.17 show that 
when the incubation time is increased to 10 min, the Abs is dramatically 
increased.  This implies that longer incubation time can result in higher sensitivity.  
However, the Abs becomes stable and reaches its plateau after 10 min.  As 
compromising between the sensitivity and the analysis time, the incubation time of 
10 min is chosen as the optimal condition. 

 
Figure 4.17 Effect of incubation time. 

    
Summary of the studied ranges and the selected values for the detection of H2O2 
were presented in Table 4.7.  
 
Table 4.7 Summary on the optimization study for the spectrophotometric detection 
of H2O2 by the AuNPs-BC. 

 
Parameters Studied range Selected value 
pH of citrate buffer 3-6 6 
Citrate buffer concentration (mmol L-1) 1-40 20 
Incubation temperature (°C) Ambient temperature - 50 40 
Incubation time (min) 5-50 10 
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 4.2.4 Analytical performances 
  4.2.4.1 Calibration curve and application to sample 
   When the concentration of H2O2 was increased, the wine-red 
color of the nanopaper was decreased as presented in Figure 4.18A. This result was 
clearly observed by naked eye.  The calibration plot between the ΔAbs525nm and the 
concentrations of the standard H2O2 solutions was presented in Figure 4.18B.  The 
ΔAbs525nm was increased when the concentration of the standard H2O2 was 
increased. The working range was observed from 1 - 20 % (v/v) with good linearity  
(r2 = 0.984).   

 
Figure 4.18 (A) The photographic images of the AuNPs-BC nanopaper in the presence  
       of various concentrations of the standard H2O2. (B) An example of the  
       linear calibration plot between the ΔAbs525nm of the AuNPs-BC  
       nanopaper and the concentrations of standard H2O2.           
 
  4.2.4.2 Accuracy (recovery) 
   Accuracy was studied by evaluation on analytical recovery.  
Results were shown in Table 4.8.  It was found that the recovery was ranging from  
90.2 - 97.2 %. This suggests that the developed method was free from the sample 
matrix effect. 
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  4.2.4.3 Precision (% RSD) 
   Precision of the developed method was studied by pipetting 
an aliquot of 100 µL of standard H2O2 (10 % v/v) onto 10 different sheets of the 
AuNPs-BC nanopapers.  The RSD was calculated based on using the absorbance 
reading obtained by each nanopaper.  RSD of 3.3 % was obtained and this implies 
that the method provided high precision. 
   
  4.2.4.4 Application to wound cleaner samples 
   This developed method was applied for the spectrophotometric 
determination of H2O2 in wound cleaner samples.  Results are summarized in Table 
4.8.  It was found that the calculated H2O2 concentrations in all samples are agreed 
well with the label concentrations with the relative error below than 8 %.  This 
result indicates that the AuNPs-BC nanopaper provides high possibility to be applied 
as the 2D-microcuvette for the spectrophotometric determination of H2O2.  
 
Table 4.8 Comparison of the H2O2 concentrations (% v/v) in samples. 
 

Sample 
H2O2 concentration (% v/v) Relative error a 

(%) 
Recovery 

(%) Label This work (Mean + SD) 
1 3 3.14 + 0.03 4.6 97.0 
2 3 2.84 + 0.04 -5.4 95.1 
3 3 2.78 + 0.09 -7.2 90.2 
4 3 2.79 + 0.07 -6.9 97.2 

 

Note: a Relative error was calculated as the following equation; 
     Relative error (%) = ((Calculated value – Label value) / Label value) x 100 
 
  4.2.4.5 LOD and LOQ 
   The limit of detection (LOD) and the limit of quantitation (LOQ) 
were calculated by the calibration curve method.  This method provides LOD  
(yB + 3SB) of 0.79 and LOQ (yB + 10SB) of 2.19 % v/v.    
   
Analytical performances are summarized and shown in Table 4.9. 
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Table 4.9 Summary on analytical performances. 
 
Performances Value 

Linearity range (%v/v) 1 – 20  

Coefficient of determination (r2) 0.984 

Recovery (%) 90.2 - 97.2  

% RSD 3.3  

LOD (yB + 3SB) (%v/v) 0.79  

LOQ (yB + 10SB) (%v/v) 2.19  
  
4.3 Quality control of iodized table salts 
 4.3.1 Fabrication of the foldable paper-based analytical device (PAD) 

  Fig. 4.19 shows an image of the foldable PAD for 
membraneless gas-separation. The rectangular PAD (35 x 90 mm2) was made of a 
laboratory filter paper No. 2 (Advantec, Taiwan).  Two circular reserviors with the 
same dimension ( = 9 mm i.d.) are assigned as the acceptor and the donor.  The 
hydrophobic barrier (2 mm thick) of each reservoir was created by painting with a 
1225 Faber-Castel permanent pen (Nanmee, Thailand) and a commercially available 
plastic template. The ink was dried at room temperature (1 min) for complete 
evaporation of the ink solvent.  A 3MTM two-sided mounting tape (2 mm thickness) 
was attached on top of the paper around the donor reservoir. This offers proximity 
mounting the acceptor and the donor after folding.  It is also useful for preventing 
leakage of volatile analyte out of the PAD headspace.  
 
 

 
Figure 4.19 An optical image of the foldable PAD (with its dimensions) membraneless  
       gas-separation. This material is reserved for educational use only, not allowed for commercial use. 
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 4.3.2 Characteristic of gold nanoclusters 
  Gold nanoclusters (AuNcs) were synthesized by the reduction of 
tetrachlorouric acid solution using bovine serum albumin (BSA) as a reducing agent 
and stabilizing agent in basic medium.  Then the properties of the as-prepared AuNCs 
were characterized using a spectrophotometer and TEM.  Results are shown in Figure 
4.20.  Results reveal that the excitation and the emission wavelength are located at 
490 and 630 nm, respectively.  Color of the AuNCs solution is yellowish-brown and it 
appears pink emission under UV irradiation.  Result from TEM image shown that the 
clusters consist of many gold atoms held together which average size is 3.7 ± 0.5 nm.   

 
Figure 4.20 (A) Excitation and emission spectra and (B) TEM image of the BSA-AuNCs.  
       Inset of Figure B is the photographic images of the BSA-AuNCs solutions:  
       (a) without and (b) with UV irradiation, respectively. 
 
 4.3.3 Preliminary results for iodate determination 
  The PAD was then used for iodate determination based on quenching 
reaction of AuNCs in the present of iodate.  The results are shown in Figure 4.21.  
Results show that fluorescence intensity of AuNCs is decreased proportional to the 
concentration of iodate in the range of 0.005 – 0.10 mM and the color of AuNCs 
under UV irradiation is changed from pink to blue.  The reaction is based on 
quenching reaction between AuNCs and generated tri-iodide. 
Au (0) is converting to Au (I) and Au (III) by tri-iodide and resulted in decreasing of 
fluorescence intensity and fluorescence color under irradiation [66]. 
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Figure 4.21 (A) spectra of AuNCs in the presence of various concentration of iodate 
        (B) color of AuNCs in the presence of various concentration of iodate 
        under UV irradiation and (C) Stern-Volmer’s plot for iodate                          
        determination. 
 
 4.3.4 Study on optimization conditions 
  4.3.4.1 Study on optimization conditions for synthesis of AuNCs 
   1) Study on effect of heating power 
     Heating power for synthesis of AuNCs was studied from 
90 - 300 watt.  Results are shown in Figure 4.22.  The fluorescence intensity of AuNCs 
solution is increased when heating power is increased and reached the maximum at 
100 Watt.  At heating power more than 100 Watt, fluorescent intensity was 
decreased because of too high heating power can cause overheating.  Therefore, 100 
Watt heating power is chosen. 
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Figure 4.22 The fluorescence intensity of AuNCs at various heating power. 

    
   2) Study on effect of heating time 
    The effect of heating time was studied from 6 – 12 min.  
Results were shown in Figure 4.23. Results reveal that fluorescence intensity of 
AuNCs solution is increased and reached the maximum when heating time was 
increased to 6 min.  At longer heating time, it was found that fluorescent intensity is 
decreased because of overheating.  Moreover, BSA became flocculation and reduced 
its ability to use as reducing agent.  Therefore, 6 min heating time is selected. 

 
Figure 4.23 The fluorescence intensity of AuNCs at various heating time.  
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   3) Study on effect of albumin concentration 
    Effect of albumin concentration was studied from 30 -
80 mg mL-1.  Results in Figure 4.24 show that the fluorescence intensity of AuNCs 
solution is slightly increased when albumin concentration is increased and reached 
the maximum at 50 - 65 mg mL-1.  Albumin acted as both stabilizing and reducing 
agent.  Low concentration of albumin is not enough for synthesis of AuNCs and 
resulted in low fluorescence intensity.  At too high concentration of albumin, it is 
found that fluorescent intensity is decreased because of flocculation of albumin.  
This can bring the solution unstable and precipitated.  Therefore, albumin 
concentration of 50 mg mL-1 is selected.  
 

 
Figure 4.24 The fluorescence intensity of AuNCs at various albumin concentrations. 

 
   4) Study on effect of sodium hydroxide concentration 
    Effect of albumin concentration was studied from 0.25 -
3.00 mol L-1.  Results are illustrated in Figure 4.25. The fluorescence intensity of 
AuNCs solution is increased and reached the maximum when sodium hydroxide 
concentration is increased to 1 mol L-1.  It is because of phenolic group of tyrosine in 
albumin structure can reduce gold solution to become Au (0) in basic condition (pH 
> 10).  Therefore, at low concentration of NaOH (pH < 10) is not enough to reduced 
gold solution.  This resulted in low fluorescence intensity.  At too high concentration 
of sodium hydroxide (> 1 mol L-1), fluorescence intensity is decreased due to excess 
concentration of sodium hydroxide can quench the fluorescence intensity of AuNCs 
[64].  Therefore, in this work, 1 mol L-1 sodium hydroxide is chosen. 
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Figure 4.25 The fluorescence intensity of AuNCs at various sodium hydroxide   
                concentrations. 
     
Optimum condition for synthesis of AuNCs are summarized and shown in Table 4.10 
 
Table 4.10 Optimum conditions for synthesis of AuNCs. 
 
Parameter Studied range Selected value 
Heating power 90 – 300 Watt 100 Watt 
Heating time 6 – 12 min 9 min 
Albumin concentration 30 – 80 mg mL-1 50 mg mL-1 
Sodium hydroxide concentration 0.25 – 3.00 mol L-1 1.00 mol L-1 
 
  4.3.4.2 Study on optimization conditions for iodate determination 
   1) Study on effect of potassium iodide concentration 
    Potassium iodide concentration was studied form  
0.01 – 1 mol L-1.  Results in Figure 4.26 indicate that sensitivity for iodate 
determination is increased when potassium iodide concentration is increased to 0.1 
mol L-1. The sensitivity become stable when the concentration of potassium iodide is 
higher than 0.1 mol L-1.  Therefore, 0.1 mol L-1 potassium iodide is chosen. 
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Figure 4.26 Sensitivity for the iodate determination at various potassium iodide       
       concentrations. 
 
   2) Study on effect of sulfuric acid concentration 
    Effect of H2SO4 concentration was studied from 0.10 -
1.50 mol L-1.  Results are shown in Figure 4.27. The sensitivity for the iodate 
determination is increased when sulfuric acid concentration is increased to 1.0  
mol L-1 because sulfuric acid can accelerate for generated of iodine. The 
concentration of 1.0 mol L-1 was chosen as a compromise between sensitivity and 
the amount of the acid used. 
 

 
Figure 4.27 Sensitivity for the iodate determination at various sulfuric acid 

                concentrations. 
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   3) Study on effect of pH of buffer 
    pH of buffer was varied from pH 4 – pH 8.  Results are 
shown in Figure 4.28.  It was found that low sensitivity is observed at low pH values.  
This was due to BSA precipitation, causing aggregation of the nanoclusters. The 
highest sensitivity was found at pH 7.0, so this pH value was selected. 

 
Figure 4.28 Sensitivity for the iodate determination at various pH of buffer. 

     
   4) Study on effect of AuNCs volume 
    Effect of AuNCs volume was studied from 20 – 80 µL.  
Results in Figure 4.29 show that sensitivity for the iodate determination is increased 
when AuNCs volume is increased.  The sensitivity is decreased when AuNCs volume 
is greater than 60 µL due to the solution was over-flow from the reservoir.  Thus, in 
this work, 60 µL of AuNCs volume was considered for suitable. 

 
Figure 4.29 Sensitivity for iodate determination at various AuNCs volumes. 
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   5) Study on effect of buffer volume 
    Effect of buffer volume was studied from 20 – 80 µl.  
Results are shown in Figure 4.30.  The sensitivity for the iodate determination was 
increased when buffer volume was increased.  The sensitivity was decreased when 
buffer volume was increased more than 60 µL due to the solution was over-flow 
from the reservoir.  Iin this work, 60 µL of buffer volume was selected. 
 

 
Figure 4.30 Sensitivity for the iodate determination at various buffer volumes. 

     
   6) Study on effect of tri - iodide volume 
    Effect of tri - iodide volume was studied from  
20 – 80 µL.  Results in Figure 4.31 reveal that sensitivity for the iodate determination 
was increased when tri - iodide volume was increased and then sensitivity was 
decreased when tri – iodide volume was increased at greater than  
60 µL due to the solution was over-flow.  Therefore, in this work, 60 µL of tri - iodide 
volume was chosen. 
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Figure 4.31 Sensitivity for the iodate determination at various tri - iodide volumes. 

     
   7) Study on effect of reaction time 
    Reaction time for the iodate determination was studied 
from 5 – 20 min.  Results are shown in Figure 4.32.  The sensitivity for the iodate 
determination was increased when reaction time was increased.  Reaction time of 15 
min is chosen as regarding in term of sensitivity and analysis time. 

 
Figure 4.32 Sensitivity for the iodate determination at various reaction times. 

 
Optimum condition for iodate determination are summarized in Table 4.11. 
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Table 4.11 Optimum conditions for the iodate determination. 
 
Parameter Studied range Selected value 
Concentration of KI (mol L-1) 0.01 – 1  0.1  
Concentration of H2SO4 (mol L-1) 0.10 -1.50  1.0  
pH of buffer pH 4 - 8 pH 7 
AuNCs volume (µL) 20 – 80  60  
Buffer volume (µL) 20 – 80  60  
Tri – iodide volume (µL) 20 – 80  60  
Reaction time (min) 5 – 20  15  
  
 4.3.5 Calibration methods and their analytical characteristics 
  4.3.5.1 Linear calibration 

   Using the selected parameters in Table 4.11, two 
calibration plots were constructed for the different detection methods: (i) 
fluorometric detection using the PAD holder and (ii) image capture of the acceptor 
reservoir under UV light.  The fluorescent spectra in Figure 4.33A show that the 
intensity decreased as the concentration of iodate increased.  Results in Fig. 4.33B 
indicate that the F0/F ratio values dramatically increased with increasing in the 
concentration of iodate from 0.005 to 0.1 mmol L-1.  However, the ratios slightly 
increased at the concentrations greater than 0.1 mmol L-1.  The calibration plot 
based on Stern-Volmer relationship (inset in Figure 4.33B) found linear dynamic range 
from 0.005 to 0.1 mmol L-1 iodate (r2 > 0.99).  For image capture, the color of the 
acceptor on the PAD, changed from red to blue, under UV irradiation, when the 
concentration of iodate increased (Figure 4.34A). Their corresponded RGB color 
intensities were evaluated through ImageJTM.  The mean values of R and B intensities 
were found to decrease and increase, respectively, with increasing concentration of 
iodate whereas the mean G value remained almost constant.  It was also observed 
that the ratio of the R/B intensity values decreased proportionally with iodate 
concentration and this ratio led to better linearity than both the R value alone and 
the R/G intensity ratios (Data not shown).  Thus, the R/B intensity ratios were 
employed in constructing the calibration. Figure 4.34B shows that the ratios 
decreased as the concentrations increased and linearity range were found up to 0.1 
mmol L-1 iodate (r2 > 0.98, see inset in Figure. 4.34B).  The other characteristics are 
summarized in Table 4.13. Reproducibility was verified by applying 0.1 mmol L-1 
iodate to ten different PADs: the relative standard deviation (RSD) values were lower 
than 3.0 %, these implying high precision. The lower limits of detection of 0.005 
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mmol L-1 and 0.01 mmol L-1 were observed by fluorometric detection and image 
capture, respectively.  

 
 

Figure 4.33 (A) Emission spectra of the BSA-AuNCs solution (λex: 490 nm, λem: 630 
nm) in the acceptor reservoir when applying different concentrations of standard 
iodate into the donor reservoir (from top to bottom: 0, 0.005, 0.01, 0.04, 0.08, 0.1, 
0.2, 0.50 and 1.0 mmol L-1 iodate). (B) Corresponding Stern-Volmer plots. 
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Figure 4.34 (A) The optical images of the BSA-AuNCs in the acceptor reservoir of the  
       PAD under UV light after applying various concentrations of standard  
       iodate solutions (0 – 1.0 mmol L-1) into the donor reservoir. (B) The plots  
       of the R/B color intensity ratios against standard iodate concentrations. 

 
  4.3.5.2 Accuracy (Recovery) 
   Accuracy was studied by evaluation on analytical recovery.  
Results were shown in Table 4.12.  The recoveries were in the range of 90.5 to 102 
%.  Thus, the method was free from the sample matrix effect.  These results confirm 
that, based on the merit of membraneless gas-separation, selective determination by 
the PAD is accomplished. 
 
Table 4.12 Recovery of the developed PAD method for the determination of iodate 
in iodized salts and fish sauces. 
 

Sample 
Iodate content (µmol L-1, mean + SD, n = 3) 

Recovery (%) 
Original Added Found 

S1 52.5 + 1.08 40 91.2 + 1.23 96.8 
S2 59.4 + 0.99 40 95.9 + 1.92 91.3 
S3 57.2 + 1.10 40 93.9 + 0.95 91.8 
S4 61.2 + 1.23 40 97.4 + 1.09 90.5 
F1 37.8 + 1.34 40 78.4 + 1.89 102 
F2 41.2 + 0.89 40 80.7 + 0.98 98.8 

Note: S1-S4 and F1-F2 are iodized salts and fish sauces, respectively. 
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  4.3.5.3 Precision (% RSD) 
   Reproducibility was verified by applying 0.1 mmol L-1 iodate to 
ten different PADs: the relative standard deviation (RSD) values were 2.12 % and  
2.87 % for using fluorometer and ImageJTM, respectively.   These can imply that this 
method gave high precision. 
 
Analytical performances are summarized and shown in Table 4.13. 
 
Table 4.13 Summary on analytical performances 
 

Performances 
Value 

Fluoroometer ImageJTM 

Linearity range (mmol L-1) 0.005 – 0.10  0.005 – 0.10  

Coefficient of determination (r2) 0.9975 0.9909 

Recovery (%) 95 - 102  - 

RSD (n = 10) (%) 2.12  2.87  

LOD (mmol L-1) 0.005  0.01  

                                       
 4.3.6 Selectivity 
    The foreign ions which can be co-existed in salt sample were 
investigated.  Results in Figure 4.35 (A) obviously show that only KIO3 causes the 
solution color under UV irradiation changed from red to colorless and from Figure 
4.35 (B) was found that the ratio of F/F0 was decreased only when reacted with KIO3.  
This implies that the AuNCs-paper-based device is more selective to the iodate 
measurement than the other investigated foreign ions. 
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Figure 4.35 (A) The color of AuNCs solution under UV irradiation and (B) Comparison  
       of the F/F0 ratio, derived from adding of either 1 mM iodate or 1 mM  
       foreign ions into the tube of AuNCs solution.  
 
 4.3.7 Application to real samples: validation 
  The developed method was applied to determination of IO3

- in 
iodized-table salt samples and fish sauce samples. The results were validated against 
the contents determined by iodometric titration method.  Their comparison are 
shown in Table 4.14 and Table 4.15. 
 
Table 4.14 Comparison of the concentrations of iodate in iodized salts  
(as mg I ∙ kg salt- 1), determined by this work and by iodometric titration. 
 

Sample  Label 
This work (Mean + SD, n = 3) 

Iodometric titration 
(Mean + SD, n=3) 

Fluorometric 
detection 

Image capture 

S1 20 23.5 + 0.35 23.2 + 0.21 22.7 + 0.42 
S2 20 21.3 + 0.44 23.6 + 0.18 22.3 + 0.10 
S3 20 24.7 + 0.59 24.5 + 0.67 23.8 + 0.27 
S4 30 32.1 + 0.26 31.4 + 0.35 31.9 + 0.27 
S5 30 29.8 + 0.54 30.7 + 0.29 31.2 + 0.25 
S6 30 32.4 + 0.41 33.1 + 0.73 32.2 + 0.24 
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Table 4.15 Summary on the iodate concentrations (as mg I L-1) in fish sauces. 
 

Sample Label 

Concentration of iodate  
(Mean + SD, n = 3) 

% Relative error 

Fluorometric 
detection 

Image capture 
Fluorometric 

detection 
Image 

capture 
F1 3.0 2.88 + 0.05 3.13 + 0.04 - 4.0 4.3 
F2 3.0 3.11 + 0.07 3.06 + 0.06 3.7 2.0 

 

Note: Relative error was calculated as: Relative error (%) = ((Calculated value – Label 
value)/Label value) x 100 
 

  The iodate contents in salt samples in Table 4.14 are not 
significant difference amongst the compared methods by an ANOVA test (Fstat: 0.02, 
Fcri: 3.68, at 95 % confidence level).  The developed PAD was then applied to fish 
sauces.  As shown in Table 4.15, results agreed with claims on the manufacturers’ 
labels, with relative error < 5 %.  These results mean that our method offers high 
accuracy, when used with samples containing complicated matrices and without any 
sophisticated pre-treatment.  
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Chapter 5 
Conclusions and Suggestions 

 
5.1 Conclusions  
 5.1.1 Clinical diagnosis of hyperparathyroidism 
  The method for the determination of parathyroid hormone was 
successfully developed. Based on the aggregation of AuNPs in the presence of 
parathyroid hormone, the color of AuNPs was changed from red wine to bluish-
purple.  The developed method can measure parathyroid hormone levels in the 
range of 10 - 1,000 pg mL-1 and the developed method was successfully applied for 
the determination of parathyroid hormone in blood with satisfied accuracy 
(Recovery: 98.4 - 104.9 % and high precision (RSD: 2.1 – 2.5 %).   
 
 5.1.2 Quality control of hydrogen peroxide in wound cleaner samples 
  The AuNPs-BC nanopaper was successfully prepared.  The bare BC 
nanopaper was exploited as both the reducing agent for conversion of Au (III) to 
become the gold nanoparticles (Au0) and as the scaffold for Au0.  The AuNPs-BC 
nanopaper showed the characteristic absorption peak at 525 nm, similar to the 
characteristic peak obtained by the colloidal AuNPs solution.  By the FE-SEM and EDS 
results, the Au0 content was observed at 97.3 weight % in the as-prepared 
nanopaper.  The AuNPs-BC nanopaper was effectively applied as the sensing 
platform and the 2D-microcuvette for the spectrophotometric measurement of H2O2 

based on the simple redox reaction between the analyte and the embedded AuNPs 
in the nanopaper. The linear calibration plot between the Abs525nm  
(Abs before dropping hydrogen peroxide – Abs after dropping hydrogen peroxide) and the concentration of 
the standard H2O2 solutions was achieved up to 20 % (v/v). The developed method 
was successfully applied to determine the H2O2 contents in wound cleaner samples 
with high accurate and precise results. 
 
 5.1.3 Quality control of iodized table salts 

 This is the first time that a foldable PAD was reported for the effective 
analysis of analyte using the membraneless gas-separation idea.  The donor and the 
acceptor reservoirs were located on the same paper device for ease-of-use. The 
hydrophobic barriers of the donor and acceptor reservoirs were simply and cost-
effectively patterned by painting the paper using a permanent pen and a plastic 
template.  After folding and mounting the donor and the acceptor, the air space in 
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between the reservoirs allowed effective separation of volatiles from the sample 
matrix without using an expensive gas-permeable membrane. 

The PAD was efficiently demonstrated for the selective determination of the 
iodate contents in iodized salts and fish sauces.  The samples were directly analyzed 
without any pre-treatment, excepting simple dissolution of the salts in water.  As 
exploiting the PAD as the analytical platform, two detection methods, namely 
fluorometric detection and image capture were viable for the quantitative analysis of 
iodate.  Using the BSA-AuNCs as the sensing probe, detection of iodate at  
5.0 µmol L-1 was feasible.  Calibration curves with good linearity (r2 ˃ 0.98) were 
observed up to 0.1 mmol L-1 IO3

-.  Our method was also successfully validated 
against the conventional iodometric titration.  
 
5.2 Suggestions  
 5.2.1 Clinical diagnosis of hyperparathyroidism 
  1. All glassware, microcentrifuge tubes and DI water should be 
autoclaved to get rid of contamination. 
  2. For further study, the solution should be centrifuge and  
re-suspension to remove excess citric acid and unbound antibody before  
the determination of parathyroid hormone. 
  3. In the next study, the attempt to shorten the reaction time should 
be carried out. 
 
 5.2.2 Quality control of hydrogen peroxide in wound cleaner samples 
  1. Culture medium need to be autoclaved in order to removal of 
contamination. 
  2. In process of growing of BC, the flask should be kept in clean area 
and beware of impurity and fungus. 
 
 5.2.3 Quality control of iodized table salts 
  1. For AuNCs synthesis, BSA must be added to the solution slowly to 
prevent flocculation that decreases the property of BSA for act as a reducing agent. 
  2. After loading the tri-iodide solution, the PAD should fold and mount 
together immediately to prevent the loss of iodine vapor. 
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Preliminary study on preparation of AuNPs-BC nanopaper 
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1 Embedding of AuNPs on nanopaper 
  1.1 Study on effect of pH of the BC for embedding of AuNPs on 
nanopaper 
   pH of BC was compared between non-washed (pH 11) and 
washed BC (pH 6) results were shown in Figure A.1.   
 

 
Figure A.1 Embedded AuNPs on nanopaper (A) From BC pH 11 and (B) From BC  
       pH 6. 
 
   It was observed that color of embedded AuNPs from non-
washed BC was yellow due to hydroxyl group in BC structure cannot able to reduce 
HAuCl4 to AuNPs result in the color on BC still yellow as same as color of HAuCl4 
solution while color of embedded AuNPs from BC pH 6 was red because of AuNPs 
was occurred and embedded on BC.  Consequently, it is necessary to wash BC with 
DI water to pH 6 before embedding of AuNPs. 
 
  1.2 Study on effect of embedding method 
   Soaking method and ‘in situ’ method with different thickness 
of BC from 2 – 5 mm were studied in this research.  Results are shown in Figure A.2 – 
A.4 and Table A.1. 
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Figure A.2 Scanning electron micrographs of AuNPs embedded nanopaper using  
       soaking method at different thickness of BC (A) 2 mm. (B) 3 mm.  
       (C) 4 mm. (D) 5 mm..  Inset is photographs of observed color. 
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Figure A.3 Scanning electron micrographs of AuNPs embedded nanopaper using  
         ‘in situ’ method at different thickness of BC (A) 2 mm. (B) 3 mm.  
         (C) 4 mm. (D) 5 mm..  Inset is photographs of observed color. 
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Figure A.4  Absorbance spectra of AuNPs embedded BC at different thickness of  
          BC.  Inset is (A) Absorbance spectra of HAuCl4 solution and (B)  
          Absorbance spectra of AuNPs solution. 
 
Table A.1 Wt % of Au at different thickness of bacterial cellulose (From EDS). 
 

Thickness of bacterial cellulose 
(mm.) 

Wt % of Au 
Soaking method ‘in situ’ method 

2 0.20 9.87 
3 0.26 7.09 
4 0.47 23.49 
5 0.67 34.82 

 
   Results from SEM in Figure A.2 and A.3 and EDS in Table A.1 
evinced that 5 mm thickness with ‘in situ’ method gave highest % of Au (34.8 %).  
The experimental results were consistent with results from UV-Vis 
spectrophotometer (ISR-2600 Plus, Japan) in Figure 4.14 that the absorbance 
spectrum of AuNPs is also highest at 5 mm thickness due to at higher thickness of 
BC, there are more as both reducing agent and substrate for produced AuNPs.  
Therefore, ‘in situ’ method with 5 mm thickness of BC has considered as appropriate 
method for embedding of AuNPs on nanopaper.  Results in Figure A.4 also shown 
that there were absorption peak around 300 and 530 nm which were similar to 
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absorption peak of HAuCl4 and AuNPs solution respectively (Inset A and B).  These 
results can guarantee that the AuNPs embedded BC nanopaper was successfully 
prepared and excess HAuCl4 still remained in the nanopaper. 
 
  1.3 Study on effect of HAuCl4 concentration 
   Concentration of HAuCl4 was studied from 30 – 50 mM.  
Results are shown in Figure A.5 and A.6. 

 
 

Figure A.5 Color of AuNPs embedded BC at different concentration of HAuCl4  
         (A) 30 mM (B) 40 mM and (C) 50 mM. 
 

 
Figure A.6  Absorbance spectra of AuNPs embedded BC at different concentration  
        of HAuCl4. 
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   Results in Figure A.5 were found that the color intensity of 
AuNPs embedded BC is proportional to the concentration of the solution.  This result 
was consistent with the absorption spectra in Figure A.6 that the absorbance 
increased when the concentration of HAuCl4 solution is increased.  From these 
results, 50 mM HAuCl4 was selected for used as precursor of AuNPs synthesize. 
 
  4.2.2.4 Study on effect of embedded time 
   Embedded time was studied in the range of 15 – 120 min 
using ‘in situ’ method.  The results were then characterized using UV-Vis 
spectrophotometer. 
 

 
Figure A.7  Color of AuNPs embedded BC at different embedded time (A) 15 min 
          (B) 30 min (C) 60 min (D) 90 min and (E) 120 min. 
 

 
Figure A.8  Absorbance spectra of AuNPs embedded BC at different embedded 
         time. 
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   From Figure A.7, it was found that color of BC had changed 
from pale yellow to red – purple and absorbance spectra at 525 nm (in Figure A.8) 
were increased when embedded time was increased and reached the maximum at 
90 min.  Therefore, 90 min was appropriated for embedded time. 
 
 Optimum conditions for embedding of AuNPs on nanopaper are summarized 
and shown in Table A.2 
 
Table A.2 Optimum conditions for embedding of AuNPs on nanopaper 
 

Condition Studied range Selected value 
pH of BC pH 6 and pH 11 pH 6 

Embedded method soaking and ‘in situ’ ‘in situ’ 
HAuCl4 concentration 30 – 50 mM.   50 mM 

Embedded time 15 – 120 min 90 min 
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Abstract 16 

This work presents a new method development using the gold nanoparticles (AuNPs)-17 

bacterial cellulose (BC) nanopaper for the spectrophotometric determination of hydrogen 18 

peroxide (H2O2). The AuNPs were embedded in the BC nanopaper, where the nanopaper 19 

played two roles as both the reducing agent and the template for the as-prepared AuNPs. The 20 

preparation process was started by putting the wet bare BC nanopaper ( 30 mm and 3 mm 21 

thickness) into 0.75 mmol L-1 HAuCl4 (25.0 mL). This solution was vigorously and 22 
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continuously stirred for 60 min at 90 ̊ C. After the embedding process, color of the nanopaper 23 

was changed from milky-white to wine-red. The AuNPs-BC nanopaper was characterized by 24 

UV-visible spectrophotometer, FE-SEM and EDS. Absorption spectrum of the nanopaper 25 

showed the characteristic peak of Au0 at 525 nm. The amount of 97.3 weight % of Au0 was 26 

found. The spectrophotometric assay was carried out by dropping the aliquots of 100 µL of 27 

sample and 400 µL of 20 mmol L-1 citrate buffer (pH 6.0) onto the AuNPs-BC nanopaper. The 28 

nanopaper was then kept in a plastic bag for 10 min. In the presence of H2O2, the wine-red 29 

color of the AuNPs-BC nanopaper was turned to pale red accordingly to reduction of Auo to 30 

Au(III) by H2O2. Decreasing in the absorbance of the nanopaper at 525 nm was monitored 31 

using UV-visible spectrophotometer. Detection limit (yB + 3SB) of 0.79 % (v/v) was observed 32 

and this value was enough sensitive for the determination of H2O2 in wound cleaner samples. 33 

The H2O2 contents in all samples were agreed well with the label values. Good analytical 34 

recovery (90.2 to 97.2 %) with high precision (RSD: 3.3 %) were obtained.  These results 35 

confirmed that the as-prepared nanopaper was successfully synthesized and was effectively 36 

applied as the two dimensional (2D)-microcuvette for the spectrophotometric determination of 37 

H2O2 in real samples. 38 

 39 

Keywords: Nanopaper, Gold nanoparticles, 2D-microcuvette, Spectrophotometry, Hydrogen 40 

Peroxide. 41 
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1. INTRODUCTION 46 

 Hydrogen peroxide (H2O2) plays dual role in physiological and pathological conditions 47 

of living organisms [1]. It is either extremely useful or harmful depending on its concentration 48 

level in the cells. For industrial applications, H2O2 has been widely employed as an essential 49 

mediator in food, medicine, wound cleaner and some cosmetic products such as hair dye [2, 3]. 50 

Therefore, the quantitative analysis of H2O2 has become a necessity. A number of analytical 51 

methods have been reported for the measurement of the concentration of H2O2 in aqueous 52 

solution based on various detection principles, such as colorimetry [4-7], fluorometry [8, 9], 53 

chemiluminescence [10], electrochemistry [11] and titration [12]. The widely used method for 54 

practical determination of H2O2 is titrimetric method. However, it requires back-titration steps, 55 

which are tedious and time-consuming. Despite the good sensitivity of fluorometric, 56 

chemiluminescent and electrochemical methods, they are rather complicated and expensive. 57 

Due to the benefits of simplicity and economical, spectrophotometric methods are regarded as 58 

one kind of the most promising methods for quantitative analysis of H2O2. 59 

 Recently, bacterial cellulose (BC) nanopaper has offered new opportunities for the 60 

development of precise, accurate and cost-effective analytical devices. The BC nanopaper as a 61 

sheet/film composed of continuous network of nanosized cellulosed fibers are usually produced 62 

by specific non-pathogenic bacteria such as Acetobacter xylinum [13]. The optical 63 

transparency, high chemical, mechanical and thermal stability lead the BC nanopaper to be an 64 

excellent substrate for the development of optical analytical platform. With the aforementioned 65 

benefits, the nanopaper has attracted great attention for exploiting as a two-dimensional (2D) 66 

microcuvette for quantitative analyses of various analytes, including albumin [14], 67 

methimazole [13], thiourea [13], cysteine [15], cyanide [13] and iodide [16]. However, to the 68 

best of our literature reviews, the BC nanopaper has not been reported for the 69 

spectrophotometric determination of H2O2 so far. 70 
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 This work was therefore aimed to develop the new analytical method based on using the 71 

BC nanopaper as both the analytical platform and the 2D-microcuvette for the 72 

spectrophotometric measurement of H2O2.  We interested in exploiting the gold nanoparticles 73 

(AuNPs) as the detection probes. With the recent advances in nanotechnology, AuNPs have 74 

attracted considerable attentions due to their sensitivity, stability and controllable size and 75 

shape [17]. Recently, Eden et al [13] proposed the synthesis of the AuNPs-BC nanopaper and 76 

its application as detection platform for the analyses of thiourea and cyanide. There is some 77 

work describes the use of the functionalized-AuNPs solution for the spectrophotometric 78 

detection of H2O2 [18]. Although the method was highly selective and sensitive, the steps for 79 

modification of the AuNPs surface were rather complicated as two ligands, i.e. 1-hexanethiol 80 

and lipoic-phenylboronate-mPEG5000 were used. 1-Hexanethiol is a hydrophobic ligand with a 81 

short length, and it forms a hydrophobic layer around AuNPs. Lipoic-phenylboronate-82 

mPEG5000 is the ligand with a long hydrophilic polyethylene glycol tail. The removal of 83 

polyethylene glycol chains from the nanoparticle surface under H2O2 treatment let to the 84 

exposure of inner hydrophobic ligands, causing the nanoparticle aggregation in aqueous 85 

medium. Detection procedure of the above work [18] was performed by the ordinary cuvette. 86 

In contrast to this work, we prepared the AuNPs-BC nanopaper for employing as the 2D-87 

microcuvette instead of the commercial cuvette. We proposed the method for the embedding 88 

of AuNPs onto the nanofribrils of the nanopaper in which the nanopaper, itself was used as a 89 

reducing reagent to convert Au (III) to become Au0. Detection principle for the detection of 90 

H2O2 is based on the simple redox reaction between the AuNPs (on the nanopaper) and the 91 

analyte. By this reaction, wine-red color of the AuNPs-BC nanopaper was decreased 92 

correspondingly to the concentration of H2O2. The absorbance reading of the nanopaper at 525 93 

nm was monitored by UV-visible spectrophotometer. The developed method was applied to 94 
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determine the H2O2 contents in wound cleaner samples to demonstrate the possibility of the 95 

method for real application.    96 

 97 

2. MATERIALS AND METHOD  98 

2.1. Reagents and chemicals 99 

 All chemicals are analytical reagent grade and deionized-distilled water (18 MΩ·cm) 100 

purified by ZENEER UP 900 (Human corporation, Korea) was used throughout.  All glassware 101 

used were cleaned with aqua regia, rinsed with deionized-distilled water and air dried prior to 102 

use. A stock solution of 50 mmol L-1 HAuCl4 (100.0 mL) was prepared by dissolving 1.97 g 103 

of HAuCl4∙3H2O (Sigma-Aldrich, USA) with water and this solution was kept at 4 °C before 104 

use. The precursor solution (0.75 mmol L-1 HAuCl4) for the preparation of the AuNPs-BC 105 

nanopaper was freshly prepared by pipetting an aliquot of 375 µL of the stock HAuCl4 solution 106 

and making to 25.0 mL with water. A 20 mmol L-1 citrate buffer solution (pH 6.0) was prepared 107 

from sodium citrate dihydrate (UNIVAR, New Zealand) and citric acid (UNIVAR, New 108 

Zealand). The working standards of H2O2 (1 to 20 % v/v) were freshly prepared by appropriate 109 

dilution of the stock solution (35 % v/v) (Carlo Erba, Italy). It is noted that the standard stock 110 

solution was standardized with the acidified potassium permanganate solution [12] before use. 111 

 112 

2.2 Preparation of the bare BC nanopaper  113 

 The bare BC nanopaper was prepared using Hestrin-Schramm’s culture medium [16]. 114 

The culture medium was prepared by dissolving the following chemicals: 10 g of glucose 115 

(Sigma Aldrich, USA), 2.5 g of peptone (UNIVAR, New Zealand), 2.5 g of yeast extract 116 

(Sigma Aldrich, USA), 1.35 g of Na2HPO4 (Carlo Erba, Italy) and 0.6 g of citric acid (Ajax 117 

Finechem, Australia) in 500 mL of water and the pH value was adjusted to 5.25 using 1.0 mol 118 This material is reserved for educational use only, not allowed for commercial use. 
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L-1 NaOH (Sigma Aldrich, USA). The medium was separated into five Erlenmeyer flasks. Each 119 

flask was covered with cotton balls and then was autoclaved at 121°C for 15 min.  Aliquot of 120 

5.0 mL of the starter BC from coconut juice was added to each flask and kept growing for six 121 

days. The nanopaper was purified by soaking in 5 % w/w NaOH at ambient temperature for 24 122 

h and was then bleached with the mixture of 1 % w/w NaOH and 0.2 % w/v H2O2 at 80 °C for 123 

1 h.  Finally, the bare BC nanopaper was cleaned with water until the pH value become 6.0. 124 

 125 

2.3 Preparation of the AuNPs-BC nanopaper 126 

 The AuNPs was prepared based on an ex-situ concept [19] with the following procedures.  127 

Briefly, 25.0 mL of 0.75 mmol L-1 HAuCl4 (Sigma Aldrich, USA) was boiled until 90 °C. 128 

Then, a piece of the purified wet BC nanopaper (30 mm  and 3 mm thickness) was put into 129 

the boiled HAuCl4 solution.  This solution was continuously heated for 60 min under vigorous 130 

stirring.  The AuNPs-BC nanopaper was washed with 20 mL water to removed excess HAuCl4 131 

before use. The wet as-prepared nanopaper was dried overnight (⁓ 12 h) at ambient 132 

temperature. The dried AuNPs-BC nanopaper was characterized using a V-630 UV-visible 133 

spectrophotometer (Jasco, Japan) and a JSM-6610LV Field Emission-Scanning Electron 134 

Microscope (FE-SEM) with an Energy Dispersive X-Ray Spectrometer (EDS) from JEOL 135 

Ltd., Japan, for evaluation of its absorption spectrum, morphology and Au0 content, 136 

respectively. 137 

 138 

2.4 Spectrophotometric assay for the determination of H2O2 using the AuNPs-BC 139 

nanopaper 140 

  The dried AuNPs-BC nanopaper was cut into a piece with dimension of 10 mm width  141 

25 mm length 1 mm thickness. Aliquots of 400 µL of 20 mmol L-1 citrate buffer (pH 6.0) 142 
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and 100 µL of standard H2O2 (or samples) were transferred onto the AuNPs-BC nanopaper. 143 

The nanopaper was then put in a plastic zip-lock bag and placed into the thermostat bath (40 °C) 144 

for 10 min. Later, the nanopaper was directly attached in front of the sample holder inside a V-145 

630 UV-visible spectrophotometer (Jasco, Japan). The absorbance readings at 525 nm of each 146 

nanopaper before and after dropping of the standard H2O2 (or sample) solution were recorded. 147 

Difference in the absorbances between before and after dropping of standard/sample 148 

(Abs525nm) was evaluated.  Calibration was constructed by plotting the Abs525nm against 149 

the concentrations of the standard solutions of H2O2 (1 to 20 % v/v). Note that all samples were 150 

directly analyzed without any prior pre-treatment process. 151 

 152 

3. RESULTS AND DISCUSSIONS 153 

3.1 Characterization of the AuNPs-BC nanopaper 154 

 The bare BC nanopaper exploited throughout this work was obtained using a bottom-up 155 

approach where the nanofibers were created by Acetobactor xylinuim, which synthesized 156 

cellulose and subsequently assembled bundles of cellulose nanofibrils. The bare BC nanopaper 157 

was used as both a reducing agent and a template for the preparation of the AuNPs-BC 158 

nanopaper. By this preparation, the penetrated Au (III) ions into the BC network were gradually 159 

reduced to the Au0 nanoparticles due to the presence of hydroxyl groups on the surface of the 160 

bare BC nanopaper [13]. 161 

 Figure 1A and 1B illustrate the photographic images of the wet bare BC nanopaper (after 162 

bleaching) and the dried AuNPs-BC nanopaper, prepared by this work, respectively. The color 163 

of the nanopaper is changed from milky-white to wine-red after the embedding process. The 164 

absorption spectra of these nanopapers were recorded by UV-visible spectrophotometer and 165 

were compared to the absorption spectrum of the colloidal AuNPs solution.  Results in Figure 166 
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1C show that a shoulder peak at 525 nm is obtained by the AuNPs-BC while this shoulder is 167 

not appeared by the bare BC. This wavelength is the maximum absorption wavelength of the 168 

colloidal gold solution. The nanopapers were further characterized by FE-SEM and EDS. The 169 

SEM images of the bare BC and the as-prepared AuNPs-BC nanopapers are presented in Figure 170 

2A and 2B, respectively. Figure 2A shows that bundles of cellulose nanofibrils are observed. 171 

It is also clearly demonstrated in Figure 2B that Auo is occurred and is deposited onto the fibril 172 

of the nanopaper. Results by EDS in Figure 3 also reveal that the EDS line of Au0 is existed 173 

and the Au0 content of 97.3 weight % is found. These results confirm that the AuNPs-BC 174 

nanopaper was successfully prepared. However, the observed content of Au(0) is moderately 175 

high and is not represented for the Au(0) content of the whole nanopaper sheet. It is because 176 

the image of the as-prepared nanopaper was captured and then was focused especially on the 177 

area that there were a larger numbers of Au(0) nanoparticles, deposited in the BC nanopaper. 178 

 179 

3.2 Study on detection principle 180 

 Detection principle for the spectrophotometric determination of H2O2 was studied by 181 

UV-visible spectrophotometer using the ordinary cuvette for the measurement of the AuNPs 182 

solution. The principle is based on the simple redox reaction between Au0 and H2O2 in the 183 

acidic medium as written in the following equation: 184 

2 Au0 (s)  + 3 H2O2 (l)  + 6 H+ (aq)         2 Au3+(aq)   +  6 H2O (l) ……………..……… (1) 185 

       wine-red               pale yellow    186 

 In the presence of H2O2, the wine-red color of the AuNPs solution is decreased as Au0 is 187 

oxidized to become Au (III). It is observed in the inset photographic images of Figure 4 that 188 

the wine-red color of the AuNPs is slightly diminished when the concentration of the standard 189 

H2O2 is increased. However, by the spectrophotometer, it is clearly observed that the 190 
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absorbency at 525 nm (Abs 525nm) is decreased proportionally to the concentration of standard 191 

H2O2 solution (Figure 4). Therefore, this chemical reaction can be applied for the quantitative 192 

analysis of H2O2. 193 

 194 

3.3 Optimization study for the detection of H2O2 by the AuNPs-BC 195 

 Parameters affecting the sensitivity of the detection of H2O2 were optimized. Each effect 196 

is discussed in the following details. Summary of the studied ranges and the selected values are 197 

presented in Table 1.  198 

 199 

3.3.1 Effect of pH of citrate buffer 200 

 The effect of pH of the citrate buffer solution was studied from the values of 3.0 to 6.0 201 

when the concentration of the buffer was kept at 20 mmol L-1. A concentration of 30 % (v/v) 202 

H2O2 was studied. The Abs of the nanopaper at 525 nm (Abs before dropping hydrogen peroxide – Abs 203 

after dropping hydrogen peroxide) was calculated and was plotted against the investigated pH value. 204 

Results are shown in Figure 5A. The Abs525nm is faintly increased when the pH value is 205 

increased. The low pH value can induce aggregation of gold nanoparticles which results in red 206 

shift of plasmonic absorption peak and decreasing in the absorbance reading at 525 nm [20, 207 

21]. As the pH value of 6.0 provides the highest signal, this value is selected as the optimal pH 208 

value. Note that we also investigated the effect of the pH values from 7.0 to 9.0 using 209 

ammonium buffer (20 mmol L-1). It was found that after dropping the buffer solution, the color 210 

of the AuNPs-BC nanopaper turned to dark purple. It might be because of the precipitation of 211 

colloidal gold nanoparticles at higher pH values [22]. 212 

 213 
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3.3.2 Effect of citrate buffer concentration 214 

 The effect of the concentration of citrate buffer was studied from 1 to 40 mmol L-1 when 215 

pH of the buffer was fixed at 6.0. A concentration of 30 % (v/v) H2O2 was investigated. Results 216 

in Figure 5B indicate that when the concentration of the buffer is increase from 1 to 20 mmol 217 

L-1, the Abs525nm is also increased. At higher concentration, the Abs525nm is decreased. It 218 

was due to the self-aggregation effect of the AuNPs, induced by salt ions, existed in the buffer 219 

solution [23]. The concentration of 20 mmol L-1 is chosen as the highest signal is achieved. 220 

 221 

3.3.3 Effect of incubation temperature 222 

 The effect of the incubation temperature was investigated from the ambient temperature 223 

(⁓ 25 °C) to 50 °C by using 20 mmol L-1 citrate buffer (pH 6.0). Results in Figure 5C show 224 

that when the temperature is risen, the Abs525nm is increased up to 40 °C. At higher 225 

temperature, the signal is decreased accordingly to the decomposition of H2O2 under too high 226 

temperature. Therefore, 40 °C is selected. 227 

 228 

3.3.4 Effect of incubation time 229 

 The effect of incubation time was evaluated from 5 to 50 min when 20 mmol L-1 citrate 230 

buffer (pH 6.0) was exploited. Results in Figure 5D show that when the incubation time is 231 

increased to 10 min, the Abs is dramatically increased. This implies that longer incubation 232 

time can result in higher sensitivity. However, the Abs becomes stable and reaches its plateau 233 

after 10 min. As compromising between the sensitivity and the analysis time, the incubation 234 

time of 10 min is chosen as the optimal condition. 235 

 236 

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



   11/20 

 

 

4. Analytical performances 237 

 Analytical performances of the developed method, in term of, linearity range, recovery, 238 

precision and detection limit, were studied. Recovery study was carried out by spiking of the 239 

standard H2O2 solutions of 3 % (v/v) into wound cleaner samples, respectively. Summary of 240 

the results is presented in Table 2. It is found that the recovery is ranging from 90.2 to 97.2 %. 241 

This suggests that the developed method is free from the sample matrix effect. Precision of the 242 

developed method was studied by pipetting an aliquot of 100 µL of standard H2O2 (10 % v/v) 243 

onto 10 different sheets of the AuNPs-BC nanopapers. The RSD was calculated based on using 244 

the absorbance reading obtained by each nanopaper. RSD of 3.3 % is obtained and this implies 245 

that the method provides high precision. Detection limit (LOD = yB + 3SB) [24] of 0.79 % (v/v) 246 

H2O2 is achieved.  This value is sufficient sensitive to apply the proposed method for the 247 

quantitative analysis of H2O2 in wound cleaner samples. 248 

 249 

5. Spectrophotometric determination of H2O2 by the AuNPs-BC nanopaper  250 

 The optimal conditions as summarized in Table 1 was adapted for the spectrophotometric 251 

determination of H2O2 using the AuNPs-BC nanopaper as the analytical platform and the 2D-252 

microcuvette. When the concentration of H2O2 is increased, the wine-red color of the 253 

nanopaper is decreased as presented in Figure 6A. This result is clearly observed by naked eye. 254 

An example of the calibration plot between the Abs525nm (Abs before dropping hydrogen peroxide – Abs 255 

after dropping hydrogen peroxide) and the concentrations of the standard H2O2 solutions is presented in 256 

Figure 6B. The Abs525nm is increased when the concentration of the standard H2O2 is 257 

increased. The working range was observed from 1 to 20 % (v/v) with good linearity (r2 = 258 

0.984). In order to demonstrate that the developed method was viable for real usage, it was 259 

applied for the spectrophotometric determination of H2O2 in four wound cleaner samples, 260 
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commercially available in the local supermarket in Bangkok, Thailand. The samples were 261 

directly analyzed without requirement of any sample pre-treatment. Results are summarized in 262 

Table 2. It is found that the calculated H2O2 concentrations in all samples are agreed well with 263 

the label concentrations with the relative error below than 8 %. This result indicates that the 264 

AuNPs-BC nanopaper provides high possibility to be applied as the 2D-microcuvette for the 265 

spectrophotometric determination of H2O2. From results in Table 2, the negative and positive 266 

errors mean the calculated concentrations of H2O2 are lower and higher than the label 267 

concentrations, respectively.  268 

 269 

CONCLUSIONS 270 

 The AuNPs-BC nanopaper was successfully prepared.  The bare BC nanopaper was 271 

exploited as both the reducing agent for conversion of Au (III) to become the gold nanoparticles 272 

(Au0) and as the scaffold for Au0. The AuNPs-BC nanopaper showed the characteristic 273 

absorption peak at 525 nm, similar to the characteristic peak obtained by the colloidal AuNPs 274 

solution. By the FE-SEM and EDS results, the Au0 content was observed at 97.3 weight % in 275 

the as-prepared nanopaper. The AuNPs-BC nanopaper was effectively applied as the sensing 276 

platform and the 2D-microcuvette for the spectrophotometric measurement of H2O2 based on 277 

the simple redox reaction between the analyte and the embedded AuNPs in the nanopaper. The 278 

linear calibration plot between the Abs525nm (Abs before dropping hydrogen peroxide – Abs after dropping 279 

hydrogen peroxide) and the concentration of the standard H2O2 solutions was achieved up to 20 % 280 

(v/v). The developed method was successfully applied to determine the H2O2 contents in 281 

wound cleaner samples with high accurate and precise results. 282 

 283 

 284 
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Figure captions 352 

Figure 1. The photographic images of: (A) the wet bare BC nanopaper and (B) the dried 353 

AuNPs-BC nanopaper, synthesized using 0.75 mmol L-1 HAuCl4 as the precursor solution. (C) 354 

The overlaid absorption spectra of 1.03 nmol L-1 of AuNPs solution, the dried AuNPs-BC 355 

nanopaper and the dried bare BC nanopaper. 356 

Figure 2. The SEM images of: (A) the dried bare BC nanopaper and the dried AuNPs-BC 357 

nanopaper, prepared when 0.75 mmol L-1 HAuCl4 was used as the precursor. Conditions for 358 

the SEM images are listed as: (A) SU8000, 10.0 kV, 13.0 mm × 10.0 k SE (U) and (B) SU8000, 359 

10.0 kV, 13.0 mm × 40.0 k SE (U). Inset of Figure 2(A) and (B) are the photographic images 360 

of the dried bare BC nanopaper and the dried AuNPs-BC nanopaper, respectively. 361 

Figure 3. The EDS spectrum of the dried AuNPs-BC nanopaper (using 0.75 mmol L-1 HAuCl4 362 

as the precursor) and its corresponded Au0 content obtained by the elemental analysis. 363 

Figure 4. The linear correlation between the absorbance reading of the AuNPs solution (0.506 364 

nmol L-1) at 525 nm and the concentrations of standard H2O2.  Inset photographic images are 365 

the AuNPs solutions in the presence of various concentrations of standard H2O2. 366 

Figure 5. Summary of the results of the optimization study for the determination of H2O2 by 367 

the AuNPs-BC nanopaper. (A) Effect of the pH solution of 20 mmol L-1 citrate buffer, (B) 368 

Effect of the concentration of the citrate buffer at pH 6.0, (C) Effect of incubation temperature 369 

and (D) Effect of incubation time. 370 

Figure 6. (A) The photographic images of the AuNPs-BC nanopaper in the presence of various 371 

concentrations of the standard H2O2. (B) An example of the linear calibration plot between the 372 

Abs525nm of the AuNPs-BC nanopaper and the concentrations of standard H2O2.            373 
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Table 1. Summary of the optimization study for the spectrophotometric detection of H2O2 by 381 

the AuNPs-BC. 382 

Parameters Studied range Selected value 

pH of citrate buffer 3-6 6 

Citrate buffer concentration (mmol L-1) 1-40 20 

Incubation temperature (°C) Ambient temperature to 50 40 

Incubation time (min) 5-50 10 

 383 

Table 2. Comparison of the H2O2 concentrations (% v/v) in samples, determined by this work 384 

with the label values and the results by the recovery study. 385 

Sample 

H2O2 concentration (% v/v) Relative error a 

(%) 

Recovery 

(%) Label This work (Mean + SD) 

1 3 3.14 + 0.03 4.6 97.0 

2 3 2.84 + 0.04 -5.4 95.1 

3 3 2.78 + 0.09 -7.2 90.2 

4 3 2.79 + 0.07 -6.9 97.2 

Note: a Relative error was calculated as the following equation; 386 

     Relative error (%) = ((Calculated value – Label value) / Label value) 100 387 
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Abstract: 

 This work presents the immunoassay based on using gold nanoparticles (AuNPs) for 

facile colorimetric detection of parathyroid hormone. AuNPs were synthesized accordingly to 

Turkevich’s method and were then conjugated with anti-parathyroid hormone antibody by 

incubation for 1 hr at 25 °C. Conjugated AuNPs were applied to detection of parathyroid 

hormone based on aggregation of AuNPs in the presence of the hormone. Color of the 

solution was changed from red wine to purple and the characteristic surface plasmon peak 

was shifted from 521 nm to 542 nm. Under the optimized conditions, the level of parathyroid 

hormone can be detected in the range of 10 – 1,000 pg mL-1 with good linearity (r2 = 0.997). 

This method was applicable for the parathyroid hormone determination with good recovery 

(106.3 – 113.6%). 

1. Introduction 
     Parathyroid hormone (PTH) is a 

hormone containing 84 amino acids secreted 

by the parathyroid glands to maintain 

normal amount of blood calcium.1 An 

amount of PTH for normal people is 10 - 65 

pg mL-1.2 Abnormal excretion of PTH can 

cause hypo-parathyroidism and hyper para-

thyroidism. Hypoparathyroidism occur when 

not enough PTH is produced result in low 

blood calcium.3 Hyperparathyroidism is 

caused by secretion of PTH is exorbitant 

occur with fragile bones and kidney stones.4 

Curing of this symptom is parathyroid 

surgery.5 Therefore detection of the blood 

PTH level is required for close monitoring.  

     The most widely used analytical 

methods for quantitative analysis of blood 

PTH level are chromatography and immuno- 

assay. For chromatographic method,6-8 high 

accuracy and precision are achieved. 

However, it was found that large volume of 

organic solvent was employed. In addition, 

the instrument and its operation procedures 

are complicated. The immunoassays have 

been also developed for the PTH 

determination. There have been both 

manual1 and automatic methods.9-11 

Although these methods provided high 

selectivity but sensor preparation steps were 

sophisticated.  

     To date, applications of 

nanoparticles are widely used due to a 

variety of potential applications in biomedical, 

optical and electronic fields.12  For examples, 

W.D. Dittmer et al.13 presented labeling 

magnetic particles for quantification of the 

amount of PTH. V. Jarrige et al.14 developed 

a point of care (POC) device based on 

magnetically controlled movement of 

superparamagnetic nanoparticles for 

measurement of PTH. Amongst the reported 

nanoparticles mentioned above, AuNPs are 

the most attractive metallic nanoparticles 

because of their high capability for 

functionalization with biomolecules.15 This 

leads to their application for determination 

of various proteins and hormones.16-18 

However, to the best of our literacy, there 

has not been any work reported on the 

analysis of PTH in blood using the AuNPs 

so far. 
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     This work, we consequently develop 

a simple method for PTH detection based on 

immunoassay by aggregation of AuNPs. The 

AuNPs were preliminarily conjugated with 

anti PTH antibody. In the presence of PTH, 

aggregation of conjugated AuNPs was 

occurred and color of the solution was 

changed from red wine to purple. The 

corresponding surface plasmon peak was 

also shifted (521 to 542 nm). Possibility of 

develop assay for applying to rat blood 

samples are investigated. 

 

2. Materials and Methods 

2.1 Reagents and materials 

       AuNPs were prepared from HAuCl4 ∙ 

3H2O (Sigma-Aldrich, USA) by using 

sodium citrate tribasic dehydrates (Sigma-

Aldrich, USA) as reducing agent.  Anti-PTH 

antibody (ab53040, Abcam, UK), was used 

for conjugation of AuNPs. Standard PTH 

was prepared in phosphate buffer saline, pH 

7.4 (PBS, Sigma-Aldrich, Switzerland).  

Working standard solutions were appro-

priate dilution of this stock solution. 

Autoclaved deionized-distilled water was 

used throughout the experiment. 

2.2 Synthesis of AuNPs 

       Colloidal AuNPs were prepared 

accordingly to Y. Wang et. al.19 Briefly, 100 

mL of 0.01% w/v HAuCl4 was heated to 

boil, followed by adding 2 mL of 1.0% w/v 

sodium citrate and simultaneously stirred for 

15 min. The solution was kept stand to 

ambient temperature and stored at 4°C. The 

particles were characterized by a trans-

mission electron microscope (TEM) a 

TECNAI-10 (Netherlands) and a UV- Vis 

spectrophotometer (JASCO V-630). 

2.3 Conjugation of antibody and colloidal 

AuNPs 

       A 15 μL of 0.1 mg mL-1 antibody 

was added to 100 μL of the adjusted pH 7.0 

AuNPs. After 5 min, 15 µL of 10% w/v 

NaCl was added. The solution was 

incubated at 25 °C for 1 hr. The conjugated 

AuNPs solution was used without any 

purification.  

 

 

2.4 Procedure for PTH determination  

       A 10 μL of each concentration of 

standard PTH was added to the conjugated 

AuNPs and incubated for 1 hr at 25 °C. The 

surface plasmon bands of the AuNPs were 

recorded from 400 – 800 nm using UV – Vis 

spectrophotometer. 

 

3. Results and Discussion  

3.1 Characterization of the prepared 

AuNPs 

Results in Figure 1(a) and (b) reveal 

that the surface plasmon peak is located at 

521 nm with red wine colored solution. 

Results by TEM image show that shape of 

the nanoparticles are spherical with the 

average size of 25.0 ± 11.4 nm. (Figure 1(c) 

and (d)).  

 

 
Figure 1. (a) surface plasmon peak, (b) red 

wine color solution, (c) TEM image and (d) 

size distribution chart of the as-prepared 

AuNPs (4.84 x 10-3 nM) 

 

3.2 Detection principle 

        Schematic illustration for the 

detection principle of PTH using the 

conjugated AuNPs is shown as Schematic 1.  

       The reaction detection for PTH is 

based on aggregation of conjugated AuNPs 

by adding PTH. The surface plasmon peaks 

were changed from 521 to 542 nm       

(Figure 2(a)). This results in changing of 

solution color from red wine to purple 

(Figure 2(b)). Aggregation of the conjugated 
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AuNPs was found proportional to the PTH 

concentration (Figure 2(c)). 

 

 
Schematic 1. Schematic illustration for the 

detection principle of PTH using the 

conjugated AuNPs 

 

 

 
Figure 2. (a) surface plasmon peaks of 

AuNPs with different concentrations of PTH 

((a) – (e) are the AuNPs in the presence of 0, 

10, 100 and 1,000 pg mL-1, respectively), (b) 

red wine to purple- colored solution of 

AuNPs and (c) linear calibration for PTH 

detection 

 

3.3 Effect of pH of AuNPs on conjugation 

of antibody 
       pH of AuNPs were adjusted using 

0.05 mM NaOH to the final pH of 5-9 

before conjugated with antibody. Results are 

presented in Figure 3. 

 

 
Figure 3. Absorbance of AuNPs at 

difference pH 

 

        Results in Figure 3 demonstrate that 

absorbance of the particles were deviated 

after conjugation for most of the studied pH 

values, excepting pH 7.0. This is due to 

inappropriate pH results in both self-

aggregation of the AuNPs after conjugation 

and the denatured protein effect. Therefore, 

pH 7 was selected for further study. 

3.4 Effect of reaction time. 
       Effect of reaction time was studied 

from 30 min to 2 hr.  Poor linearity (r2 = 

0.554) at 30 min reaction time was 

observed. It is due to incomplete reaction. In 

contrast to 1 and 2 hr, they both provided 

good linearity (r2 > 0.98) with no significant 

difference in sensitivity. It is because the 

reactions reached the equilibrium. Reaction 

time at 1 hr was therefore chosen. 

3.5 Application to blood sample 

       The aggregation reaction of AuNPs 

was applied as detection principle of the 

method for colorimetric determination of 

PTH in blood samples. Rat blood samples 

were received from National Laboratory 

Animal Center, Thailand. They were 

centrifuged at 13,000 rpm for 40 min and 

filtered through a 0.22 µm Nylon membrane 

filter prior to analysis. Results as analytical 

recovery are summarized in Table 1. 
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Table 1. Analytical recovery of spiked 

blood samples 

No. 

Concentration of PTH  

(pg mL-1) Recovery  

(%) 
Original Added Found 

1 16.6 53.7 77.6 113.6 

2 288.4 89.1 389.0 112.9 

3 33.88 1023.3 1122.0 106.3 

             

Results in Table 1 reveal that the 

satisfied recovery was achieved. However, 

the relatively high recoveries are obtained 

for some samples. Prior pre-treatment of 

sample is required and is now under 

investigation.  

 

4. Conclusion 

     A facile immunoassay for 

colorimetric detection of PTH was 

developed. The developed method provided 

a good linearity. The very low concentration 

of PTH (~ 10 pg mL-1) were detectable. The 

method showed the potential for applying to 

determine the blood PTH. However, sample 

pretreatment prior to analysis is necessary. 
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Abstract: 

 A method development for determination of iodate using a paper-based analytical 

device (PAD) is presented.  Detection principle was based on the reaction of tri-iodide and 

gold nanoclusters (AuNCs).  Gold nanocluters were synthesized by the reduction of Au (III) 

using bovine serum albumin in alkaline solution as a reducing agent.  By exploiting 

microwave as a heating source for AuNCs synthesis, the process was completed within 10 

min.  The as-prepared AuNCs provided yellowish-brown color under the white light and they 

were changed to red emission under UV excitation.  This red color of AuNCs was further 

altered to purple when tri-iodide was present. By means of this method, the hydrophobic 

barrier of circular shaped PAD (i.d. 20 mm) was fabricated by painting with a permanent pen.  

Aliquot of the nanocluster solution was dropped onto circular reaction reservoir.  Later, small 

portions of the iodate, iodide and sulfuric acid were added and then waiting for 20 min.  

During this time, iodate was prior converted to tri-iodide which was further reacted with 

AuNCs.  The image of the reaction reservoir was taken by a mobile phone under UV 

irradiation and intensity of color was evaluated by using Image J
TM

 software.  The calibration 

graph was plotted between the intensity ratio of Red/Blue and the concentration, it was linear 

in the range of 0.01 to 1.00 mM IO3
-
 (R

2
 > 0.99).  The developed method was successfully 

validated against the iodometric titration and the results were not significant difference from 

titration method. 

1. Introduction 

Iodine deficiency disorder (IDD) is 

an abnormal iodine concentration in human 

body which can cause some symptoms such 

as increasing in size of thyroid gland and 

cause preventable mental retardation in new-

born babies and infants for pregnant woman.  

This situation still widely spread in some 

developing countries, including Thailand.
1
 

One campaign to prevent IDD is to add 

iodine as KIO3 into table salt.
2
  Thus, 

quantitative analysis of iodate content in salt 

is necessary.   Iodometry
3
 is used as a gold 

standard method for determination of iodate 

in salt.  Various instrumental methods, such 

as, chromatography
4
, electrochemistry

5,6
 and 

spectrometry
7,8

 have been also developed for 

accurate determination of iodate.  However, 

these above mentioned methods still suffer 

from complicated analytical workflow 

which is not suitable for real routine uses.  

Some group then proposed the simple 

method using flow injection
9
 for 

determination of iodate in table salts.
10, 11

 

Nowadays, a paper-based analytical 

device (PAD) is widely used as a sensing 

platform in various analytical applications 

due to its simple fabrication, low-cost, 

portable and viable for test kit application.  

Nevertheless, there are still less publications 

concerning development of the PAD for 

quantitative analysis of iodate.
12,13

 

In this work, we therefore aim to 

explore and to demonstrate use of the PAD 

for determination of iodate. The circular-

shaped PAD was fabricated and the This material is reserved for educational use only, not allowed for commercial use. 
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hydrophobic barrier was patterned through 

painting with the indelible ink.  We 

interested in applying gold nanoclusters 

(AuNCs) as the chemical sensor for the 

iodate detection as, recently, the 

fluorescence properties of the AuNCs 

receive extremely attention in sensing.
14-17

  

Detection principle is based on quenching of 

the AuNCs by tri-iodide ions which result in 

the color change from pink to purple.  The 

developed device was applied to determine 

the iodate content in iodized-table salt 

samples.   

 

2. Materials and Methods 

2.1 Reagents and materials 

 All chemicals are analytical reagent 

grade and deionized-distilled water from 

Zeneer up 900 (Human corporation, USA) 

was used throughout.  Bovine serum 

albumin (BSA) was obtained from Acros 

Organics, USA. Tetrachloroaurate trihydrate 

(HAuCl4·3H2O) and potassium iodide were 

purchased from Sigma Aldrich, USA.  

Sodium hydroxide and di-sodium hydrogen 

phosphate were obtained from Carlo Erba, 

Spain.  Potassium iodate and citric acid were 

bought from Ajax Finechem, Australia. 

Sulfuric acid was purchased from Fisher 

Chemical, UK. 

2.2 Fabrication of the PAD   

 The PAD was made of a No. 2-filter 

paper (Advantec, Taiwan). The circular 

pattern of i.d. of 20 mm was fabricated by 

painting with indelible ink of a permanent 

pen (1225 Faber-Castel
TM

).  The fabricated 

PAD is shown in Figure 1. 

 

 
Figure 1. Dimension of the fabricated PAD 

for determination of iodate. 

 

 

 

2.3 Synthesis of AuNCs 

 AuNCs were synthesized with some 

modification from Lei Y. et al.
18

 At first, 2.0 

mL of 10 mM HAuCl4 was pipetted into a 

dark vial, followed by adding 2.0 mL of 50 

mg mL
-1

 BSA and 0.2 mL of 1.0 M NaOH.  

The solution was heated at 100 watt for 9 

min using a microwave oven (Samsung 

ME81   KS-1, Korea).  The suspended 

AuNCs were kept in under 4 °C and were 

optical characterized by a 630-UV-visible 

spectrophotometer and a FP6300-

spectrofluorometer (Jasco, USA). 

2.4 Samples preparation 

 All sample solutions were prepared 

by weighing of approximate mass 10 g for 

exact amount of iodized-table salt, 

commercially available at local supermarket 

in Bangkok.  The samples were dissolved 

and adjusted to 100.00 mL with water.  This 

sample solution was analyzed directly 

without further sample pretreatment step. 

2.5 Analytical procedure for determi-

nation of iodate in iodized-table salt 

 An aliquot of 60 μL of the AuNCs 

was dropped onto the PAD.  Followed by 

transferring of 10 μL of standard (or 

sample) solution, 10 μL of 0.1 M KI.  1 min 

later, 10 μL of 1M H2SO4 was introduced 

and mixed for 1 min.  Finally, 150 μL of 200 

mM citric-phosphate buffer (pH 7.0) were 

added since it was found that at the greatest 

quenching was obtained at this pH due to 

neutral pH make it compatible with the 

nanocluster quenching.
19

  The paper-based 

device was incubated in dark (20 min).  

Finally, the optical image of the device was 

captured by a smart mobile phone (Samsung 

Galaxy S5, Korea) under UV irradiation in a 

lighting control box (King lamp T5 SOAV-

V5 UV Black Light 8 Watt, China) and was 

evaluated using Image J
TM

 software. 

 

3. Results & Discussion 

3.1 Optical characteristics of the as- 
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 A conventional method for synthesis 

of the AuNCs requires continuously and 

vigorously stirring of the precursor on a hot 

plate for at least 12 h.
19

 In this work, we 

therefore intend to shorten the synthesis 

time by using the microwave-assisted 

approach
18

 as an alternative heating source 

to accelerate the reaction.  We found that, 

under the optimal heating conditions, the 

process for synthesis of the AuNCs was 

completed within 10 min.  The AuNCs 

solution provides yellowish-brown and 

emits red color under UV light as illustrated 

in the inset photo in Figure 2.    

Optical properties of the AuNCs 

were characterized by spectrofluorometer.  

Result in Figure 2 reveals that the excitation 

and emission wavelengths are situated at 

492 and 625 nm, respectively. This is also 

corresponded to literature
18

. 

 

 
Figure 2. Excitation and emission spectra of 

the prepared AuNCs.  Inset picture was 

‘without’ and ‘with’ UV light irradiation. 

 

3.2 Study on detection principle 

 Detection principle was studied 

using fluorometer. Mechanism of the 

detection reaction was proposed by Ruiping, 

L. et al .
20

 Iodate is reduced to form iodine. 

In the presence of excessive amount of 

iodide, tri-iodide (I3
-
) is obtained.  Au

0 
is 

converted by I3
- 

to become Au (I) and Au 

(III) species.  This results in decreasing in 

the fluorescent intensity of the AuNCs
18

 and 

color of the AuNCs solution obviously 

changes from pink to purple under UV light 

irradiation.   

 

3.3 Effect of incubation time 

 Incubation time is defined as the 

interval time for mixing all reagents with 

standard iodate on the paper-based device.  

Incubation times were studied from 10 - 20 

min.  Sensitivity, which is slope of each 

linear calibration plot between the color 

intensity as red to blue ratio (R/B) and the 

iodate concentration (0.01 to 1.0 mM) is 

compared.  Results in Figure 3 demonstrate 

that the sensitivity is dramatically increased 

when incubation time is prolonged to 20 

min.  This time is therefore selected as the 

highest sensitivity is achieved.   

 
Figure 3. Effect of the incubation time on 

sensitivity for the iodate detection by the 

developed paper-based device.  

 

3.4 Selectivity study 

 The investigated foreign ions are the 

anions which can be co-existed in salt 

sample.  Effect of the foreign ion was 

studied by spiking either standard iodate or 

the other anion solutions (at equivalent 

concentration) onto the Au NCs-paper-based 

device. Optical image of each platform was 

captured.  The color intensity was then 

evaluated and compared.  Results are 

displayed in Figure 4.  

The R/B intensity was significantly 

decreased in the presence of iodate ion. This 

implies that the AuNCs-paper-based device 

(R2 > 0.99) (R2 > 0.98) 

(R2 > 0.99) 
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is more selective to the iodate measurement 

than the other investigated foreign ions.  As 

in this work, 10 % (w/v) of iodized-table salt 

was prepared, we therefore also examined 

the influence of 10 % (w/v) NaCl on the 

analysis of iodate.  We found that the R/B 

intensity obtained by 10 % (w/v) NaCl (R/B 

= 1.48) was not significant difference from 

that of the control (R/B = 1.41).  This 

implies that 10 % (w/v) NaCl is not 

interfered the iodate determination. 

 

 
Figure 4.  Comparison of the R/B 

intensities, derived from adding of either 0.5 

mM iodate or 0.5 mM foreign ions onto the 

AuNCs-paper-based device. 

 

3.5 Analytical performances 

 We have found that the color 

changes from pink to purple is obviously 

noticed by naked-eye under UV irradiation 

(Figure 5A).  The correlation between the 

R/B intensity and the concentration of the 

standard iodate is also in good linearity up 

to 0.10 mM (Figure 5B).  The developed 

method provides high precision with %RSD 

= 0.39 (n = 10 replicate detection of 0.5 mM 

iodate) and good analytical recoveries in the 

range of 96.7 – 102 %.  Limit of detection 

was observed at 0.02 mM which is enough 

sensitive to apply the method to the 

commercially available iodized-table salt. 

3.6 Application to iodized salt samples  

 The developed method was applied 

to determination of IO3
-
 in iodized-table salt 

samples.  The results were validated against 

the contents determined by iodometric 

titration method.  Results are shown in              

Figure 6. 

By mean of paired t-test
21

, the results 

were not significant difference at 95 % 

confidence (tcal = 1.57, tcri = 3.18).  This 

means that the developed method was 

successfully validated. 

 

 
Figure 5. (A) The optical image (under UV 

irradiation) of the developed PAD and (B) 

its corresponded linear calibration plot 

between the R/B intensity and the standard 

KIO3 concentration. 

 

 
Figure 6. The iodate content (as mg I / kg 

salt, mean ± SD, n = 3)) in iodized-table salt 

samples obtained by the proposed method 

and the iodometric titration.  Samples were 

analyzed as produced by manufacturers. 

Any further pretreatment is not essential.  

 
This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



 
 

© The 2019 Pure and Applied Chemistry International Conference (PACCON 2019) AC55 

4. Conclusion 

 A simple method for quantitative 

analysis of iodate based on using the PAD 

as the analytical platform and the redox 

reaction of tri-iodide and AuNCs as the 

detection principle was successfully 

developed.  The method provided high 

precision and high accuracy.  The method is 

also possible to be applied to the iodized-

table salt for quality control of iodate 

content.  However, long reaction time is still 

necessary.  In the next study, the attempt to 

shorten the reaction time will be carried out.    
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