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Abstract 

A rapid quantitative colorimetric determination of CN- was developed 
by synthesizing BF2-curcumin reagent. Borontriflouride was added to the carbonyl group 
of curcumin, an extract from turmeric. Parameters affecting to the synthesis and reaction 
products were optimized. The optimum parameters were found to be 1 mM BF2-curcumin 
concentration, sample pH of 9 and 5 minutes reaction time. The reagent was synthesized 
within a micro tube to which the sample can easily and directly be added for an in-tube 
detection. The reaction mechanism with cyanide relied on the deprotonation of the 
hydroxyl group of BF2-curcumin. The orange-red color of BF2-curcumin solution changed 
to blue upon reaction with cyanide solution. Tapioca flour was used as polymeric material 
in which the reagent was embedded. Parameters affecting to the synthesis of the BF2-
curcumin synthesized starch film were also optimized. An innovative free of charge 
application installed on a mobile phone was used to capture and measure the color 
intensity of the reaction product. A digital image analysis was applied to the reaction 
product to obtain analytical data in the form of Red Green Blue (RGB) values. 
Quantification was achieved by exploiting the relationship between RGB value and 
concentration of colorimetric product. A considerably lower detection limit (0.12 ± 0.007) 
and (0.40 ± 0.021) were obtained for the reagent and sensor analysis respectively. An 
efficient linear range (0.2 – 7 mg/L) and good sensitivity were achieved. The method 
validation point out good intra- and inter-day precision for both the reagent and the 
synthesized starch film. Accuracy of the developed method was excellent in analytical 



vi 
 

performances. Water sample from an abandoned tin mine site were analyzed using the 
sensor and the results were in good agreement with spectrophotometer analysis. 

 
Keywords: Cyanide, mobile phone, RGB Color system, curcumin, colorimetry.  
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CHAPETER 1 
 
 

Introduction 
 
 

1.1 Background/ Problem statement 
 
 

The exponential increase in industrial activities over the past few 
decades has contributed to the release of several hazardous pollutants such as F-, S2-, 
HSO4

-, CN- and H2PO4
- into the atmosphere and aquatic ecosystem (Persuad, 1982). 

Cyanide anion is inevitably one of the most abundant and poisonous anion which in a 
very small concentration can be lethal to humans and almost all other forms of life 
(Selkoe, et al., 2003).  

In spite of its extreme toxicity, cyanide is produced in large quantities 
for its important role in several industrial activities such as electroplating, metallurgy, gold 
mining and synthesis of fabric and plastics (Kulig, et al., 1991; Miller, et al., 2001 and Baud, 
et al., 2007). Other cyanide sources include vehicle exhaust, burning of municipal waste, 
and the use of cyanide-containing pesticides. Cyanide in landfills is another source which 
can contaminate underground water. It is also present in the air when a building is burning 
usually because of cyanide-containing plastics. In air, cyanide is present mainly as gaseous 
hydrogen cyanide. Some amount of cyanide in air is present as fine dust particles. The 
dust eventually settles over water. Water is therefore a major of been exposed to cyanide. 
Despite the increasing level of monitoring and strict control, accidental releases of cyanide 
into the environment do occur and presents great danger to the environment. The 
disastrous spill of millions of liters of cyanide waste in Romania in 2000 is considered as 
the worst case of water pollution in Europe ever (Koenig, et al., 2000). 
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Cyanide has several means of getting into the body which includes the 
digestive tract, respiratory tract, skin and other ways, causing vomiting, cramps, loss of 
consciousness and to a larger extent death (Zheng, et al., 2011). Moreover, it also has the 
ability to affect several functions of the human health, including the visual, vascular, 
endocrine, central nervous and metabolic systems (Martinez, et al., 2006 and Gale, et al., 
2015). 

Another major problem associated with cyanide release in the 
environment is that, fish and aquatic invertebrate are usually sensitive to its exposure. 
Concentration of free cyanide in the aquatic environment ranging from 5.0 to 7.2 
micrograms per liter reduces swimming performance and also inhibit production in many 
species of fish. Concentrations of 20 to 72 micrograms per liter free cyanide causes the 
death of many species, and concentration in excess of 200 micrograms per liter are rapidly 
toxic to most species of fish. Invertebrate experience adverse nonlethal effects at 18 to 
43 micrograms per liter of cyanide and lethal effect at 30 to 100 micrograms per liter 
(Eisler, et al., 1999). Cyanide anion is therefore regulated because of its potential significant 
impact not only on human health but also the environment. 

The World Health Organization (WHO) has set 1.9 µM as the maximum 
permissive level of cyanide in drinking water due to its formidable toxicity (Kaur, et al., 
2012). In addition to WHO, it is regulated as an environmental contaminant by the United 
States Environmental Protection Agency (EPA) for drinking water, surface water, and 
wastewater due to their health concerns. For drinking and surface water, the EPA has 
established a maximum contamination level of 200 mg/L free cyanide determined by a 
total cyanide assay. The EPA also specifies 5.2 mg/L total cyanide continuous discharge 
limits for publicly own treatment works (POTW) and 22 mg/L as maximum discharge into 
fresh water. For salt water bodies, the continuous and maximum discharges are 1 mg/L 
total cyanide. The EPA defines these continuous (4d) and maximum (1 h average) limits 
to ensure that aquatic life is unharmed. (National Primary Drinking Water Regulation 2008 
and Water Quality Standards 2008). 
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The extreme toxicity and wide spread usage of cyanide makes 
environmental testing critically important. This has led to considerable research into the 
development of selective and sensitive approach for its detection. A wide range of 
conventional methods have previously been employed to the quantitative analysis of CN- 
in aqueous media (Raju, et al., 1989; Kage, et al., 1994 and Shan, et al., 2004). These 
conventional methods are ideal for high precision analysis. However, their use require 
sophisticated instrumentation and long processing time.  

Chemical sensor is one attractive analytical tool which has attracted 
the interest of several researchers in recent times due to their numerous advantages such 
as portability and cost effectiveness over the traditional methods. Chemical sensors 
enable on-line and field monitoring and therefore can be a useful alternative to the 
conventional approach. The field of chromogenic and fluorogenic chemosensors among 
other chemical sensors for CN- detection in water has also experienced a rapid growth in 
recent years (Chen, et al., 2010; Lee, et al., 2010; Jung, et al., 2011; Buske, et al., 2015; 
Nicoleti, et al., 2015, and Pati, et al., 2016). The apparent reason for cyanide detection 
through chromogenic colorimetry is to design an easy and portable detection kit. Change 
in color of the reaction product which can be observed with the naked eye makes 
implementation of this techniques practicable in rural and urban areas. For this purpose 
of chromogenic colorimetry, various materials have been reported in fabricating 
colorimetric sensors (Tomasulo, et al., 2005; Xu, et al., 2010 and Santos, et al., 2014). 
However, most of these systems need to be carried out in either organic solvents or 
mixture of organic solvents and water which limits their application to the analyses in 
aqueous solution. In addition, most of these materials are not readily available which 
makes obtaining them expensive and sometimes detrimental to the environment. The use 
polymeric material with chromogenic or/and fluorogenic units embedded in their 
molecular structure is another system which has attracted much attention due to their 
specific selectivity (Isaad, et al., 2013; Busschaert, et al., 2015; Wu, et al., 2015 and Sharma, 
et al., 2016(b),). 
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Spectrophotometric technique is one analytical instrument that has 
been employed for quantifying colorimetric product in the past few decades (Byrne, et 
al., 2000 and Lopez-Molinero, et al., 2010). Inasmuch of the high precision and accuracy 
associated with this technique, it requires appropriate instrument and skilled persons. In 
addition, the size of the instrument and operational procedure restricts its usage in the 
laboratory. In view of this, the development of a rapid, cost effective and simple method 
to exploit the relationship between concentration of analyte and the colorimetric reaction 
will be beneficial.  

Herein, BF2-curcumin was synthesized as a simple, rapid and low cost 
colorimetric reagent for detecting cyanide in water by both naked eye and using digital 
image analysis. The reaction mechanism of this proposed reagent and cyanide anion was 
based on the deprotonation of the hydroxyl group of BF2-curcumin. Curcumin as a choice 
is due to its natural availability and also its interesting photochemical properties. Due to 
the advantages associated with the use of polymeric materials with chromogenic units 
embedded in their molecular structure such as specific selectivity of analyte and their 
excellent film forming properties. It was therefore of interest to incorporate BF2-curcumin 
regent into the molecular structure of starch (tapioca flour). Tapioca flour is known to be 
an environmentally friendly polymer which is readily available in almost all parts of the 
world. A free-of-charge application installed on a mobile phone was successfully 
employed for the colorimetric analysis to obtain analytical data in the form of Red Green 
Blue (RGB) values. A laboratory-built protective box was used during measurement of the 
RGB values to limit environmental light interference. 
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1.2 Research objective 
 
 

To synthesize and design a simple, inexpensive and an environmentally 
friendly colorimetric detection kit to detect free cyanide in water without the need for 
special reaction conditions or sample pre-treatment. This cost effective detection system 
will be easy to handle and results readily understood.  

 
 

1.3 Scope 
 
 

1.3.1 BF2-curcumin was used as the colorimetric test kit to detect cyanide in water 
 1.3.2 The test kit is produced in two forms, i.e. BF2-curcumin reagent and polymer 
sensor (BF2-curcumin synthesized starch film) 
 1.3.3 The optimum conditions for synthesis of the reagent were 1 mM BF2-curcumin 
concentration, pH 9 of sample and 5 minutes reaction time 
 1.3.4 The optimum condition for synthesis of polymer sensor were 0.05 g of flour, 
5 mM BF2-curcumin concentration, 60 oC oven temperature, 90 minutes of time spent in 
the oven, sample pH of 9, 100 mL of solution in the micro tube and 5 minutes reaction 
time. 
 1.3.5 The biopolymer for entrapping the color reagent was made from tapioca  
 1.3.6 The mobile phone and its application program was applied as the color 
detector and RGB analyzer respectively. 
 1.3.7 Analytical performing parameters that were investigated were limit of 
detection, accuracy, precision and linear dynamic range. 
 1.3.8 The effect from ion interferences, which were Cl-, NO3

-, SO4
2-, and PO4

3- on 
CN- were studies in this research. 
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1.3.9 Water sample from an abandoned mine site was collected and analyzed by 
the regent and developed sensor, comparing with the standard spectrophotometric 
method. 

 
 

1.4 schematic diagram  
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig 1.1 Summary of experimental flow chat  
 
 
 
 
 
 
 

Synthesis of reagent/polymer sensor 

Optimization of reaction parameters 

Colorimetric test of cyanide 

Image capturing system/ recording of 

RGB values 

Analytical characteristics 
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CHAPTER 2 
 
 

Literature Review 
 
 

2.1 What is cyanide? 
 
 

Cyanide ion is a simple molecule consisting of one carbon and one 
nitrogen atom connected together by a triple bond. It carries a negative charge of 1.  
Cyanides can be produced from both anthropogenic and natural sources. They are 
naturally found in a number of food and plants such as almonds, spinach, millet sprout 
and bamboo shoot. They can also be produced by certain bacteria, fungi and algae. 
Cyanide ion does not exist alone and one common form is the hydrogen cyanide (HCN), 
which is normally breathed in as gas. One major use of hydrogen cyanide is its application 
in the production of insecticides for fumigating enclosed spaces. Hydrogen cyanide has 
also been used in gas chamber executions. The other forms of cyanide compounds which 
can be mostly found in the environment is potassium and sodium cyanide. Cyanide 
compounds are mostly released into the environment during the course of industrial 
activities or from smoke of vehicles. Sodium cyanide which is a white and cubic crystalline 
is predominantly use in the extraction and recovery of minerals and metals from ores, 
specifically in the cyanidation of gold and silver. Cyanidation technique for gold recovery 
is the largest mining use for sodium cyanide. Electroplating, especially of zinc, copper and 
brass is another area that involves the use of NaCN. Potassium cyanide which is also a 
white crystalline solid that dissolves to liquid by absorbing moisture from air is also used 
primarily for fine silver plating and can also be used for dyes and specialty products (Jenk, 
1985).  
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In air, cyanide is present mainly as gaseous hydrogen cyanide. Some 
amount of cyanide in air is present as fine dust particles. The dust eventually settles over 
water. Water is therefore a major of been exposed to cyanide. The major sources of 
cyanide in water are discharges from some mining processes, electroplating and organic 
chemical industries. Humans are exposed to cyanide mostly by drinking cyanide 
contaminated water. Breathing smoke-filled air during fires may also be a source of cyanide 
exposure.  

 
 

2.2 Health hazards of cyanide  
 
 

The toxicity of individual cyanide compounds is dependent on the 
concentration of which one consumes. Cyanide is well known acute toxins that exerts its 
primary toxicological effect by binding to the metallic cofactor metalloenzymes, thereby 
preventing enzymes and cell functions. This occurrence prevents cellular respiration by 
irreversibly binding the iron in cytochrome C oxidase. In addition, thiocyanate which is 
metabolized from cyanide, interferes with iodine uptake by the thyroid gland, causing 
goiters and other long-term iodine deficiency diseases (Vennesland, 1981; Noh, et al., 2003, 
Simeonoya, et al., 2004 and Na, et al., 2014). After decomposition of cyanide in the human 
body, it affects the body’s multiple organs and tissues, including blood circulation, vision, 
central nervous system, endocrine system and digestive system. 
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2.3 Conventional approach for CN- detection 
 
 

Accurate detection of cyanide has become increasingly important to 
the regulated agencies and the general public due to its extreme toxicity. Standard 
methods such as titrimetric, colorimetric and cyanide-selection method have been 
reported as standards to quantify cyanide anions. These methods are ideal for high 
accuracy and precision. However, their applications requires expensive chemicals and 
instrument for sample treatment. In addition, their applications are time consuming and 
also requires experts. Other various conventional methods such as electrochemical, 
chromatography, potentiometric and voltammetric have previously been employed for 
the detection of CN- in aqueous media. These methods are also ideal for high precision 
and accuracy. However, these analytical techniques requires instrument that are 
expensive. Furthermore, these instruments are bulky which makes them suitable for use 
only in the laboratory. In view of this, samples have to always be collected on site and 
conveyed to the laboratory for analysis. Contamination and loss of samples may occur 
during transportation. Other drawbacks are either the laborious multistep sample 
treatment, the use of special reaction conditions as well as the low tolerance towards the 
presence of other anions. However, in the last years smaller, portable and less expensive 
devices have been brought to the market.  

Electrochemical detection by direct current (DC) amperometric or 
pulsed amperometric detection (PAD), is sensitive and selective electrochemical approach 
which is suitable for direct determinations of cyanide anions. However, PAD is preferred 
over DC amperometry. This is because the working electrode in PAD is cycled through 
three or four voltage potentials every second. This process results in an electrode surface 
which is continually cleaned, whereas in DC amperometry, the working electrode can foul 
over time, leading to a loss in peak response (Weinberg, et al., 2002). Even though 
electrochemical detection of CN- proved to have good sensitivity and selectivity, it 
however requires extensive and time consuming procedures. 
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Ion-Exclusion chromatography with Pulsed Amperometric Detection for 
total cyanide is another conventional area that has been reported. In this method, the 
advantages of ion exchange with the sensitivity, selectivity, and stability of pulse 
amperometric detection using a Pt working electrode were combine to directly detect 
cyanide without any interferences from chloride and sulfide (Christison, 2015). On the 
contrast, this method involves complex system preparation leading to the development 
of other techniques such as the optical chemical sensors. 

 
 

2.4 Optical chemical sensors  
 
 

Over the last few decades, the synthesis and design of optical 
chemosensors for the detection of anion especially CN- have received extensive attention. 
This is because of their simplicity, cost effectiveness and also their ability to be used on 
site. The optical properties measured can be absorbance, fluorescence and reflectance. 
Most optical chemical sensors are composed of a recognition component and a 
transduction component. The transduction component is responsible for accepting signal 
from the recognition component and converting it to a signal that can be analyzed. The 
process of chemical recognition can be achieved by oxidation-reduction or by chemical 
binding/non-binding interactions.  Different light source have been reported in the 
application of optical sensors. Light emitting diodes (LEDs) have recently been used as a 
light source for optical sensor. LEDs have shown great potential to perform optical 
measurements within microfluidic sensing devices by providing high brightness and high 
efficiency that can investigate small sample volumes and low analyte concentrations. 
Many research have explored the use of LED as a source of light to produce inexpensive 
and low power detectors for incorporating colorimetric methods into remotely deployed 
systems (Bui, et al., 2015).  
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Optical sensors, in which a change in color and/or fluorescence 
intensity is monitored is another analytical area which has attracted the interest of several 
scholars in the past few years. They exhibit many advantages such as rapid 
implementation, large dynamic range and multiplexing capabilities over the conventional 
method. In addition, optical chemical sensors can provide simple and convenient 
procedures for on-site analysis. Such sensors are extremely user friendly in the sense that 
they can be operated even by less skilled personnel and does not require extensive 
calibrations.  

A simple and inexpensive optical absorption one-shot sensor 
membrane for cyanide detection in water was reported by Chamjangali, et al. in 2001. 
The chemical sensor was constructed by immobilizing crystal violet (CV) on 
triacetylcellulose membrane. These sensors are self-contained analytical devices with 
reagents incorporated in a dry format that respond semi-quantitatively or quantitatively 
to the CN-. The working principle of the sensor was basically by the reaction between 
cyanide anion and the immobilized CV at pH=5.4. This leads to a decrease in absorbance 
of the membrane at 600 nm. The response of the sensor was therefore recorded by 
measuring the decrease in the absorbance of CV at 600 nm. The sensor showed several 
advantages such as low cost, easy fabrication and also good mechanical properties. 
However, preparation of sensing membrane proved to be time consuming and also the 
entire reaction used special conditions. 
 
2.4.1 Fluorescence-based optical chemical sensor  

Fluorescence-based optical sensor has seen a remarkable growth in 
various fields of modern sciences such as biochemistry, biotechnology, clinical diagnostic 
and environmental sciences. Compared to the conventional methods, fluorescence based 
chemical sensors distinguish itself to be a good transduction mechanisms to report 
chemical recognition (Lakowiez, 1991). Fluorescence-based detection which normally 
depends on the intensity change at a single wavelength has also been reported as an 
optical chemical sensor and has attracted much attention over absorption spectroscopy. 
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This is due to its high sensitivity and easy implementation under diversified environmental 
conditions (Chen, et al., 2015). 

Peng, et al., (2009) reported about a fluorescence turn-on sensing 
ensemble of cyanide with a trifluoroacetylamina group in aqueous media solution by 
making use of the aggregation-induced-emission (AIE) feature of silole compounds. The 
turn-on output fluorescence signal of fluoresecence probe is more advantageous than the 
turn-off response. The apparent reason is that, the turn-on output signal is able to 
appreciably elevate the signal-noise ratio and make the fluorescence visualization easier 
to be realized. Even though silole derivatives are reported to be weak fluorescent in 
solution but becomes highly fluorescent after aggregation. This fascinating phenomenon 
was referred to as aggregation induced enhanced emission (AIE) first reported by Luo, et 
al. in 2001. They reported that the ensemble displayed good selectivity towards cyanide 
over other common inorganic anions. Several reports of chemosensors have been made 
on the basis of the AIE feature of silole and relevant compounds (Tong, et al., 2007, 
Yuning, et al., 2009). In spite of the high selectivity and sensitivity of fluorescence probe 
technique, the signal output could easily be influenced by factors such as environmental 
conditions, probe distribution and instrumental efficiency (Komatsu, et al., 2007, Srikum, 
et al., 2008). To overcome this shortcoming, ratiometric fluorescence sensing has been 
employed and this allows the measurement of relative emission intensities at different 
wavelengths. This can serve as an internal reference for self-corrected and hence the 
reliability of the measurements is significantly enhanced (Tremblay, 2007).  

Ratiometric response means the fluorescence changes at two different 
wavelengths simultaneously. This two-channel fluorescence response usually offers high 
signal-to-noise ratio (S/N) and it is very helpful intercellular measurements. This is because, 
it can eliminate most fluorescence change caused by the effects which are not related to 
the analytes of interest.   

In 2015, Kew-Yu, et al., proposed a structurally simple 7-azaindole-
based chemodosimeter for the first time as a ratiometric fluorescent probe. The probe 
was able to sense CN- with specific selectivity in aqueous media. The mechanism of the 
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sensor was based on excited-state intermolecular charge transfer (Zhang, et al., 2013).  In 
their method, a decrease of the absorption band from 362 nm to 293 nm shows the 
presence of CN-. Their method showed good selectivity and allowed the measurement of 
relative emission intensities at two different wavelengths, which can serve as an internal 
reference for self-correction. 

Long et al., (2013) also designed a compound as a novel fluorescence 
ratiometric probe for cyanide detection in aqueous media.  A solution of acetophenone 
and pyrroldine in CHCL3 was synthesized to develop the compound. Upon treatment with 
CN-, the fluorescence of the probe exhibited red shift from 570 nm to 608 nm which 
shows a good selective responds towards cyanide. Ratiometric fluorescence based sensor 
turns to compliment the drawbacks of a normal fluorescence base sensor. However this 
method showed to be time consuming because of the multistep sample preparation.  

 
2.4.2 Fluorescence and colorimetric based optical chemical sensors 

Because of its rapid implementation and unambiguous response in 
aqueous media, colorimetric fluorescence based sensors have also been reported in 
recent years. Most recently Jun-Jian et al., 2016 designed a naphthalene-malononitrile 
compound as a colorimetric fluorescence sensor towards cyanide. The designed focused 
on the utilization of nucleophilic addition reaction of CN- with dicyano-vinyl group of the 
sensor. Upon the addition of CN-, the sensor displayed very large blue-shift in both 
fluorescence (80 nm) and absorption (120 nm) spectra. The sensor which showed a good 
sensitivity, selectivity and fast response to CN- was synthesized by 2-((6-(dimethylamino) 
naphthalene-2-yl) methylene) malononitrile. The electron-withdrawing nature of the 
dicyano-vinyl group of the sensor gave it a very high sensitivity and selectivity to CN-. 

A donor-two acceptor sensor where a novel-base fluorescence and 
colorimetric sensor was design and synthesized based on 3-ethyl-2-methyl-1-2-methyl-1, 
3-benzothiazol-3-ium iodide and 5-nitrosalicyclaldehyde has also been reported. The 
benzothiazol site of the sensor was an effective target for the nucleophilic analytes. A 
visible color change from red to faint yellow as well as fluorescence turn-on response is 
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observed when cyanide ion was added to the solution of the sensor. Other anions could 
not interfere with the cyanide detection and also the method gave a very good detection 
limit (Junjian, et al., 2015). Inasmuch as fluorescence and colorimetric sensor 
demonstrated to have a very quick respond to cyanide, good selectivity and sensitivity, 
most of the reports on them involved the use of sophisticated instrument for sample 
preparation and quantification. 

Shan, et al., (2013) reported on the derivatives of two bromine 
substituted indole chalcone as a colorimetric fluorescence chemosensors for cyanide. The 
reagents were synthesized by way of typical condensation between 2-(hydroxyl)-4-
bromine acetophenone and 3-indolealdehyde or N-ethyl-3-indolealdehyde. They 
concluded that the compounds exhibited quick and obvious color fluorescence turn-on 
charges to cyanide and with color changes from yellow to red or from light yellow to 
deep yellow. However, their results showed to respond effectively in only acetonitrile 
solution and hence there has to be always sample treatment.  

To the degree that, fluoresecence based optical sensors are good 
alternative to the conventional approach of cyanide detection, some natural products 
with intrinsic fluorescence turns to inhibit the accuracy of the technique. 
 
2.4.3 Colorimetric based sensors  

The use of colorimetric sensor in environmental analysis especially in 
the area of cyanide detection has attracted considerable attention. This technique can 
give simple visual results for “naked-eye” detection. Colorimetric sensors as the name 
would suggest, are based upon detection of an analyte-induced color change in the sensor 
material.  

Liu, et al., (2012) synthesized a new reagent for detecting CN- which 
based on the absorbance of the reaction to obtain the optical signal. The new reagent 
which produced a color change from colorless to yellow when encountering cyanide was 
developed by the synthesis of 2-amino-10-ethyl-acridone. Trifluoroacetic acid groups was 
added to the reagent to improve its optical properties. As this method showed to be 
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simple and also gave a quicker determination results, it however revealed poor ability of 
anti-interference. Other interference ion such as F-, Cl-, Br- and I-  showed a faint yellow 
color which was not far from the yellow color showed by the cyanide ions. 

Bhowmick, et al., (2016) reported on metallic-based coordination 
complexes for cyanide detection. They investigated CoII bis (terpyridine) complexes as 
instant naked eye colorimetric detectors of cyanide anions in micromolar concentration 
in polar solvents, including water following the formation of the corresponding CoIII 
trycyanide complex. They used UV-vis spectroscopic method to monitor the quantitative 
detection of cyanide.  

Considering the several advantages associated with colorimetric 
method of cyanide detection, many of the anion sensor are not capable of distinguishing 
cyanide effectively from other anions such as F- and OAc-. The obvious reason is that, 
these anions possess similar basicity to CN- and easily form hydrogen bonds. In order to 
overcome such limitation, Jo, et al., (2015) synthesized a colorimetric chemosensor by 
condensing hydrazine with 3.5-dichloro-2-hydroxybenzaldehyde which could distinguish 
cyanide effectively from anions such as F- and OAc-. The sensor could detect cyanide by 
color change from colorless to yellow via the “naked-eye” in aqueous media. Although 
their sensor showed good selectivity of cyanide among other anions, quantification and 
monitoring of the CN- required the use of expensive and sophisticated instrument. (Hyun, 
et al., 2015). 

Chaicham, et al., (2010) synthesized and investigated the photophysical 
and photochemical properties of derivatives of BF2-curcumin. The derivatives of 
difluoroboron curcumin exhibited different optical properties depending on the 
substituents on the benzene rings. A cyanide sensor with good selectivity and sensitivity 
was obtained upon the addition of BF2 on the curcumin structure.  Addition of BF2 to the 
carbonyl group of the curcumin improved the photophysical properties and stability of 
the curcumin by inhibiting the keto-enol tautomerization. BF2-curcumin gave a very good 
chemical sensor for cyanide detection by the naked eye over the other derivatives. The 
method proved to be fast, convenient and also could be carried out in an aqueous 
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solution, however for a good detection limit and a better resolution a spectrophotometry 
was required. 

 
 

2.5 Polymeric material 
 
 

Due to the advantages associated with the use of polymeric materials 
with chromogenic units embedded in their molecular structure such as specific selectivity, 
simple process ability and also excellent film forming properties (Eggins, 2002). It was of 
interest to embed BF2-curcumin reagent into the molecular structure of tapioca flour. In 
addition, polymers are convenient due to their simple process ability to small particles 
and thin film which can be deposited onto optical fibers for sensor fabrication. It was 
therefore of interest to incorporate BF2-curcumin regent into the molecular structure of a 
polymer. Starch (flour) is one of the most abundant naturally polysaccharides. There is 
renewed interest in the starch-based materials in recent years in other to exploit its 
biodegradability properties. Starch is mainly composed of two homopolymers of D-
glucose, amylose and amylopectin. Amylose is almost a linear polymer with a-D-(1/4) 
glycosidic linkages, while amylopectin is a highly branched polymer which contains a-D-
(1/6) glycosidic linkages at the branching points in addition to a-D-(1/4) glycosidic linkages 
(Cura, et al., 1995).  

Isaad, et al., (2013) presented about the preparation and 
characterization of the biosourced plastic film starting from starch as a biopolymer. The 
polymer was charged by a chromogenic probe based on quinolinium merocyannine 
derivative for cyanide anion detection in pure water. They revealed the final functionalized 
starch film to aqueous solutions of various anions to investigate its selectivity and 
sensitivity towards cyanide. They prepared the starch film by dispersing 5 g of starch in 
water-glycerol solution. They added HCl solution and dye after which they heated the 
mixture on a hot plate to obtain a clear solution. Sodium hydroxide solution was 
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subsequently added and the resulting starch solution was then poured onto a Teflon-
coated glass plates. The cast starch films were allowed to air dry for about 48 hours before 
peeling. They incorporated the organic chemodosimeter into the starch film. Their study 
indicated that the film only changed color from yellow to purple in the presence of 
cyanide. Their easy-to-use material showed a high degree of cyanide selectivity in aqueous 
medium. However, the preparation of the required several processes. 

Curcumin and starch (tapioca flour) as a choice of materials was 
basically due to their natural availability and low cost. BF3-curcumin reagent was synthesis 
and embed in the molecular structure of a polymer. 

 
 

2.6 Turmeric  
 
 

The turmeric (curcuma longa) plant, a perennial herb belonging to the 
ginger family, is cultivated extensively in south and southeast tropical Asia. The rhizome 
of this plant is also referred to as the “root” and it is used as a dietary spice, coloring 
agent in foods and textile. It is also use as treatment for a wide variety of ailments. It is 
widely used in traditional Indian medicine to cure biliary disorders, anorexia, cough, 
diabetic wounds, rheumatism, and sinusitis. Turmeric paste in slaked lime is a popular 
home remedy for the treatment of inflammation and wounds. The most active 
component of turmeric is curcumin, which makes up 2 to 5 percent of the spice. Curcumin 
consist of two methoxy phenols conjugate through alpha, betta-unsaturated betta-
diketone linker, which can perform a keto-enol tautomerism. A few investigations 
concerning photophysical properties of curcumin for medicinal chemistry have been 
reported (Aggarwal, et al., 2006).  

The characteristic yellow color of turmeric is due to the curcuminoids, 
first isolated by Vogel in 1842. Curcumin is an orange-yellow crystalline powder practically 
insoluble in water (Bagchi, et al., 2012).  For centuries, curcumin has been consumed as a 
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dietary spice at doses up to 100 mg/d. Extensive investigation over the last five decades 
has indicated that curcumin reduces blood cholesterol. (Aggarwal, et al., 2006). 

Curcumin surprisingly exhibits many interesting photophysical and 
photochemical properties. The absorption band is approximately 408 - 560 nm in most 
organic solvents while fluorescence spectrum is solvent-sensitive with emission 
wavelength from 460 - 560 nm (Barik, et al., 2003). Currently, boron difluoride-containing 
molecules represent a topical class of fluorophores that encompasses a broad variety of 
chemical structures such as anils, 2-benzoxazole, with boron-dipyrromethene derivatives 
representing the most dyes. These materials display outstanding electronic and optical 
properties (Mattew, et al., 2016). 

As mentioned above, curcumin was used to produce the chemical 
reagent which was subsequently anchored into a polymer to design an environmentally 
chemosensor to detect cyanide ion in water. The developed method involved the use of 
mobile a phone as an analytical device. Mobile phone as a choice of analytical instrument 
is basically due to its portability and its ability to be deployed as a rapid field test device. 
Mobile phones have become pervasive in society and are typically equipped with a high 
resolution digital camera which can be used to produce an image expediently. The 
colored product from the reaction of cyanide and the sensor was quantified using a free 
of charge application of photography where the relationships between Red Green Blue 
(RGB) values and the concentrations of the colorimetric product were exploited. 

 
 

2.7 Colorimetric quantification  
 
 

Quantification of colorimetric product by spectrophotometric 
technique is one analytical area that has received much attention in the past few decades 
(Lou et al., 2009, PitschmannV, 2011; Tivana, et al., 2014). Spectrophotometric technique 
exhibit several advantages such as high precision and accuracy, however, its application 
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requires appropriate instrumentation and skilled person. In addition, the size of the 
instrument and operational procedure restricts its usage in the laboratory. It also requires 
several steps of sample preparation which makes the entire process time consuming. In 
view of this, the development of a rapid, cost effective and simple method to exploit the 
relationship between concentration of analyte and colorimetric reaction will be beneficial. 

Several reports have been made by researchers on the use of digital 
imaging for colorimetric quantification testing. Digital image-based analysis evaluates the 
RGB data obtained from digital image of a reaction product. The use of mobile phone or 
digital camera to capture the image of a reaction product for colorimetric analysis of 
various chemicals has been highlighted and reported by several researchers (Epperson, et 
al., 1998; Gaiao, et al., 2006; Lopez-Molinero, et al., 2010; Caciano de Sena, et al., 2011; 
Choodum, et al., 2011, Choodum, et al., 2012 and Choodum, et al., 2014). The captured 
digital image is generated by means of the light reflection from targeted color species 
through three different filters, red (R), green (G) and blue (B). Results are obtained as 
individual RGB values, and the final color is composed from the additive data of the three 
RGB filters. The evaluation of Red Green Blue (RGB) value of the reaction product captured 
on the digital image could be used to indicate the concentration of pollutants in samples. 
Thus colorimetric reaction integrated with digital image analytical technique fulfills 
quantitative performance of the developed sensors (Suzuki et al., 2006). With this process 
the cyanide measurement can be performed at the field and not necessarily carrying 
samples to the laboratory. 

Obtaining analytical data in the form of RGB values from the captured 
image is basically by virtue of digital image received from a standard trichromatic response 
of a particular image. The RGB intensity data produces values ranging from 0 to 255 for 
each channel (Byrne, et al., 2000, Gaiao, et al., 2006). That is, a black digital image will 
produce an R, G, B value of 0, 0, and 0 respectively, whereas a white digital image will 
produce R, G, B value of 0, 0, and 0 respectively. This phenomenon agrees with the fact 
that a black digital image absorbs all the light rays without any form of light reflectance 
whiles a white digital image reflects all light rays which are directed towards it. In addition, 
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the colors obtained from each of the three channels are subtractive colors and selectively 
absorb certain wavelength of light, thus affecting the observed eye. 

Several innovative application such as Matlab image processing tool 
box (Goddijn, et al., 2006, Lopez-Molinero, et al., 2010,) and Adobe Photoshop (Choodum, 
et al., 2011) have been reported to obtained analytical data in the form of RGB from a 
digital image for the quantification of a specific analyte. These quantification approach are 
based on the measurement of the shades of colorimetric products in digital image of the 
test.  In spite of the fact that color is intuitive, the use of color spaces and imaging devices 
facilitate the use of color for quantification (Cantrell, et al., 2009) 

With regards to using digital camera images, processed in Adobe 
Photoshop, Thongprajukaew, et al., (2014) also reported on the colorimetric determination 
of amylase activities. They used iPhone imaging and Adobe Photoshop image analysis to 
obtain and analyze intensities and absorbance of red, green and blue (RGB) values. Their 
approach in quantifying amylase specific activity from commercial source compared with 
that of spectrophotometric measurement were not significant. 

Choodum, et al., (2013) reported on the use of iPhone as a device for 
rapid quantitative analysis of trinitrotoluene in soil. Their choice of analytical instrument 
(iPhone) was to facilitate the development of portable rapid quantitative chemical analysis 
system as readily available portable device. In their report the built-in camera of a smart 
phone (iPhone) was used to capture the results from a rapid quantitative colorimetric test 
for trinitrotoluene (TNT) in soil. They quantified the color of the reaction product using an 
innovative application of photography where the relationships between the Red Green 
Blue (RGB) values and the concentrations of colorimetric product were exploited. Their 
results were comparable with those from spectrophotometric quantification methods. In 
addition, their results demonstrated that iPhone provides the potential to be used as an 
analytical instrument.  
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CHAPTER 3 
 
 

Methodology 
 
 

The experiments in this study were separated into 3 parts: synthesis of 
BF2-curcumin reagent and polymer sensor, investigation into the analytical performances 
of the reagent and sensor, application with real sample by the test kits and by standard 
spectrophotometer method.  The results obtained from the real sample analysis by the 
test kits were compared to that of the standard spectrophotometer method.  

 
 

3.1 Apparatus 
 
 

a) Sonicater (S 100 H, Elmasonic, Germany) 
b) Evaporator  
c) Electrical balance (PA 2102, Ohaus, USA) 
d) pH meter (Portable pH/mv Meter, Bante 220, China) 
e) Oven (FED 400-UL, Binder, Germany) 
f) Hot plate (C-MAG HS 7, IKA, USA) 
g) Clinical syringe (Disposable syringe (3 ml), Nipro, Thailand) 
h) LED bulbs  
i) Protective box  
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3.1.1 Chemical agents: All analytical grade of chemicals and solvents were obtained 
from commercial sources (Merck, Aldrich and Burdick & Jackson). The standard 
cyanide solution was purchased from Fluka (Switzerland). 

 
a) Boron trifluoride diethyl etherate (BF3, Sigma Aldrich, USA) 
b) Ethanol (C2H6O 98%, Merck, Germany) 
c) Methanol (CH4O, Merck, Germany) 
d) Acetone (C3H6O, Burdick & Jackson, Korea) 
e) Sodium hydroxide (NaOH 99%, Merck) 
f) Hydrochloric acid (HCl 37%, Merck) 
g) Chloramine-T trihydrate (C7H7CINNaO2S, Sigma Aldrich, China) 
h) Barbituric acid (Sigma Aldrich, China) 
i) Pyridine (Honeywell, Germany). 
j) Deionized water  
k) Acetic Acid Glacial (CH3COOH, QRec, New Zealand) 
l) Turmeric: Fine powdered turmeric was obtained from a local market in Phuket-

Thailand 
m) Tapioca flour: Tapioca flour used as a polymeric material was also obtained 

from a local market in Phuket-Thailand.   
 

3.1.2 Analytical instrument 
a)  Mobile phone (iPhone 5s). A free of charge application program (Color Assist)        

was installed on the mobile phone for the colorimetric analysis.  
b) Spectrophotometer (HALO RB-10, Dynamica, USA) 
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3.1.3 Experimental procedure 
The experimental procedure is presented as follows: 

 
 

 

 

 

 

 
 
 

 
 
 

 

 

 

 

 

 

 
Fig 3.1 Experimental diagram 

 

Synthesis of BF2-curcumin reagent 

Optimized parameters: 

BF2-curcumin concentration 

 

 

 

 

 

 

Optimization of reaction parameters 

a) pH of sample  

b) Reaction time  
 

Colorimetric test of CN-  

Image capturing/recording of RGB values 

Investigation of Analytical performance:  

Precision, Accuracy, LOD, Linear dynamic 

range, Stability and Interference  

 

 

Synthesis of Polymer sensor  

Optimized parameters:  

a) Mass of flour  

b) BF2-curcumin concentration  

c) Temperature and time in oven  

d) Volume of solution in micro tube 
 

 

 

Application with real sample  
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3.2 Part 1: Synthesis of BF2-Curcumin reagent and BF2-Curcumin synthesized starch 
film 

 
 

3.2.1 Synthesis of BF2-Curcumin reagent  
 

a) 0.6 mL Borontrifluoride was added to 1 gram of dry turmeric powder which has 
been previously dissolved in 1 mL methanol. 

b) The solution was refluxed at 60 oC for 2 hours in a sonicator and then cooled 
down to room temperature. 

c) 0.5 g of the dry product was obtained and dissolved in 3 mL of acetone. The 
mixture was subsequently subjected to evaporation to obtain a dry crude 
product of BF2-curcumin. 

d) The crude product was dissolved in 60% ethanol to obtain 1 mM BF2-curcumin 
concentration. 

e) BF2-curcumin concentration was in the range of 0.2 – 7 mM and then the final 
reagent was reacted with 10 mg/L CN-. The effect on color intensity was 
investigated to obtain the optimum BF2-curcumin concentration.  

 
3.2.2 BF2-curcumin synthesized starch film (Polymer sensor) 

 
1.0 g of starch (tapioca flour) was dispersed in 10 mL of deionized water. 

The solution was heated on hot plate under continuous stirring until a clear 
sticky solution without sediments was obtained. The synthesis of the BF2-
curcumin embedded in the polymer procedure is as follows: 

 
a)  1 mL of BF2-curcumin reagent solution was mixed with 2.5 mL of starch solution. 

b) 100 mL of the solution was pipetted into 1.5 mL micro tube. 
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c) The solution in the micro tube was kept in an oven for 90 minutes at 60 oC to 
obtain a solid film product.  

 
3.2.3 Optimization of parameters affecting to BF2-curcumin synthesized starch 

film  
 

a) Mass of flour: The optimum BF2-concentration obtained during the synthesis 
of the reagent was fixed to investigate the optimum mass of flour. Mass of 
flour was varied between the ranges of 0 - 0.8 g.  

b) BF2-curcumin concentration: The optimum mass of flour was fixed to 
investigate the right concentration of reagent needed to be anchored into the 
molecular structure of polymer for subsequent experiment. Concentration of 
BF2-curcumin solution was varied in a range of 0.2 - 8 mM. 

c) Temperature in the oven: The temperature at which the sensor was kept in an 
oven to obtain the dry product was varied in the range of 50 – 70 o C. 

d) Time spent in oven: The time the sensor was made to stay in the oven was 
varied between 30 - 210 minutes to obtain the highest reaction product. 

e) Volume of the mixture in PCR micro tube: Effect of the volume of the mixture 
(BF2-curcumin and flour) in the micro tube on the color intensity was varied in 
the range of 25 – 150 mL. 
 
 

3.3 Optimization of reaction parameters  
 
 

The experimental results from the preliminary test showed that BF2-
curcumin concentration, pH of sample and reaction time were parameters which affected 
the reaction product. In view of this, they were investigated to obtain the maximum 
reaction product.  
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a) The effect of pH was investigated since pH of a sample normally varies from the 
source or type of water. The pH effect on the colorimetric product and also the 
RGB intensity was investigated by first testing the sensor against a blank solution 
at different pH (5, 6, 7, 8, 9, 10, and 11). This was to avoid any color interference 
during detection. Adjustment of the pH was made by the addition of 1 M NaOH 
and/or 1 M HCl. 

b) Reaction time effect was studied in the range of 1-30 min after adding cyanide 
sample to the reagent. 

 
 
3.4 Colorimetric test of CN-  

 
 

Hundred microliter of BF2-curcumin reagent and/or BF2-curcumin 
synthesized starch solution was placed in a 1.5 mL PCR micro-tube. The solutions were 
heated in an oven for 60 and 90 min respectively at 60 oC. One milliliters of 10 mg/L of 
CN- solution was added to the test kits. The mixture was shaken and left until the color 
was visually observed. Each test was repeated by 3 samples and the RGB intensity of each 
sample was detected 6 times for an average calculation using Microsoft excel. 

 
 

3.5 Image capturing system/ recording of RGB values 
 
 
An iPhone 5s was used in obtaining digital image of the colored product 

throughout the experiment. A free of charge application (color assist) installed on the 
phone was used to measure and record the RGB intensity. The sample aperture on the 
phone was set to 5x5 pixels during measurement. A laboratory-built protective box (15 x 
15 x 8.5 cm) was used during measurement to limit environmental light interference. The 
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black opaque box had a white interior with three LED light installed inside the box to 
serve as light source. The PCR micro-tube was made to hang on top of the protective box 
as a reaction container. A space with dimensions to that of the iPhone was made in the 
forefront of the protective box. A small narrow space was created within the provided 
space where the camera on the phone is fitted and fixed for image capturing and RGB 
measurement. The measured RGB values were transferred to an Excel spread sheet (2010 
version) for subsequent data analysis. 
 

 
Figure 3.2 Color analytical system for cyanide detection. 
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3.6 Analytical performance 
 
 

The optimized parameters were used to investigate the analytical 
performance of the proposed method by evaluating the linear calibration range. The 
analytical parameters considered are: 

a) Linear dynamic range  
b) Limit of detection  
c) Precision (intra-day and inter-day) 
d) Accuracy    
e) Interference  
 

3.6.1 Limit of detection: Stock solution of CN- was prepared at 100 mg/L. 
A series of standard solutions in the range of 0.2 to 50 mg/L were prepared by diluting the 
stock solution (100 mg/L) with deionized water. Each CN- standard solution was made to 
react with the test kits i.e. BF2-curcumin reagent and BF2-curcumin synthesized starch film. 
The RGB values of the blue product were measured and photographed by the use of a 
mobile phone and a laboratory protective box. The analytical data was used to generate 
the calibration equation of each color and also used to investigate the performance of 
the linear range. The results from the RGB calibration graphs were applied for calculating 
the limit of detection by standard method. The limit of detection was defined as the 
analyte concentration giving a signal equal to the blank signal, yB, plus three standard 
deviations of the blank, SB: Limit of detection= yB + 3SB, where yB will be the intercept of 
calibration curve and SB will be the standard deviation of blank (Miller and Miller, 2010). 
 

3.6.2 Precision: The relative standard deviation percentage (%RSD) of each 
RGB value from the various replicates was used to estimate the precision of the method 
in both terms of intra-day and inter-day. 
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3.6.3 Accuracy: Accuracy was express as a percentage of relative error ((xe-
xknown)/xknown*100) obtained by analyzing standard cyanide solution of an unknown with 
those quantified by an external calibration curve (xe). 
% Relative Error= [(measured concentration - true concentration)/ true concentration)] × 
100. 
 

3.6.4 Absorbance: The molecular absorption of each color product was 
also investigated by calculating the absorbance at each concentration using the eq. (1) 

 Ax = -log 
(IX−IX,b)

(Ix,w − Ix,b)
 = -log 

(𝐼𝑥)𝑐

(𝐼𝑥,𝑤 )𝑐
 = -log Rx           (1)     

Where for each color (R, G, B), AX was absorbance of X, IX was intensity of X, IX,B was the 
intensity of black (IX,B =0), IX,W was the intensity of white (IX,W = 255), and RX was the 
reflectance of light X and C was the concentration of X (Kompany-Zareh, et al., 2002). 
 

3.6.5 Stability: Several BF2-curcumin reagent and/or polymer sensor were 
prepared at the same time to investigate their stability. The test kits were split into two 
groups with one part stored in a desiccator whereas the other part stored under room 
temperature. Three test kit from each group were removed for cyanide (20 mg/L) 
detection over a period of two months. 
 

3.6.6 Investigation of interference anions: The influence of other 
extraneous anions (Cl-, NO3

-, SO4
2-, and PO4

3-) were investigated by keeping the 
concentration of CN- in a solution fixed. Different concentrations of the individual 
interfering anions at different times were added to the fixed CN- solution. The RGB intensity 
was measured after each addition to check the pattern of the curve. In addition, the 
colorimetric product upon the addition of anions were also investigated by comparing it 
to the zero concentration of the interfering anions.   
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3.7 Analysis of real sample by proposed method and standard spectrophotometric 
method. 
 
 

The proposed method was applied to test real water samples from an 
abandoned tin mine site in Phuket-Thailand. The results obtained were compared to that 
of the standard spectrophotometer methods. 

 
3.7.1 Spectrophotometric (colorimetric) method  

 
1 Preparation of reagent 

a) Sodium hydroxide dilution solution: 1.6 g of sodium hydroxide was dissolved 
in 1 L deionized water. 

b) Chloramine – T solution: 1.0 g of white, water soluble chloramine – T solution 
was dissolved in 100 mL of DI water and was kept under refrigeration until it 
was ready to be used. 

c) Acetate buffer: 8.2 g of sodium acetate trihydrate (NaC2H3O2.3H2O) was 
dissolved in 10 mL of DI water. The pH of the solution was adjusted to 4.5 by 
using glacial acetate acid.  

 
2 Preparation of color reagent (Pyridine – barbituric acid reagent) 

a) 15 g of barbituric acid was placed in a 250 mL volumetric flask. Just enough 
water was added to wash the sides of the flask and wet barbituric acid. 

b) 15 mL of pyridine was added to the barbituric acid in the 250 mL volumetric 
flask. 

c) 15 mL of concentrated HCl solution is subsequently added to the mixture in 
the flask. The mixture was therefore mixed and allowed to cool to room 
temperature. 

d) The mixture is diluted to the 250 mL mark with deionized water. 
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3 Calibration and standardization 
a) Series of standard cyanide solutions (0.2 – 1.3 mg/L) were prepared  
b) 20 mL of each solution was pipetted into a 50 mL volumetric flask and 

diluted to 40 mL with sodium hydroxide dilution solution 
c) 40 mL NaOH dilution solution was used as blank 
d) Portion of each concentration and the sample were pipetted into different 

50 mL volumetric flask and diluted to 40 mL with NaOH. 
e) 1 ml of acetate buffer and 2 ml of chloramine-T solution were added to 

each solution and made to stand for 2 minutes after mixing. 
f) 5ml of pyridine-barbituric acid reagent was added to each solution. Each 

solution was subsequently diluted to volume with distilled water. 
g) The absorbance of each solution was measured after 8 minutes using NaOH 

as blank. 
h) A graph of absorbance against cyanide concentration were made to 

quantify the amount of CN- in the real sample. 
 

3.7.2 Proposed method (BF2-curcumin reagent and BF2-curcumin synthesized 
starch film test kits) 

 
a) Standard addition was performed on each sample by preparing cyanide 

solutions at different concentrations. 
b) Each concentration from each sample was tested with the synthesized reagent 

and also BF2-curcumin synthesized starch film test kits.  
c) Each concentration and the measured intensity was used to prepare standard 

curve to quantify the unknown concentration. 
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CHAPTER 4 
 
 

Results and Discussion 
 
 
4.1 synthesis of BF2-curcumin reagent 
 
 

4.1.1 The effect of BF2-curcumin concentration  
The major problem of analytical techniques was an application of 

excessive and expensive chemicals. Thus, the method with minimized reagent was 
attractive for user. In this study, BF2-curcumin concentration was varied within the range 
of 0.2 – 7 mM with volume of each concentration fixed at 100 microliters. Each 
concentrations was tested with 1 mL of 10 mg/L cyanide solution. The results are 
represented in Fig. 4.1 

 

 
 

Fig 4.1 The effect of BF2-curcumin concentration on RGB intensity in the presence of 10 
mg/L cyanide solution. 
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As shown in Fig. 4.1, the blue intensity (IB) provided the highest intensity 
followed by green (IG) and red (IR) respectively. This observation was ascribed to the fact 
that, the reaction product color was blue. The reflection of blue was therefore highest 
among the others. When the concentration of BF2-curcumin was increased from 0.2 mM 
to 1 mM, the intensity of the three colors were decreased. This phenomenon was 
responsible for the higher product concentration related to the lower light reflection. The 
RGB intensity however increased after 2 mM BF2-curcumin concentration. This indicated 
the unstabilized reaction product at excess concentration of BF2-curcumin. For this reason, 
1 mM BF2-curcumin was chosen for all further experiment. 
 

4.1.2 The effect of sample pH 

The pH of a sample normally varies from the source and type of water. 
In view of this, the effect of cyanide sample pH was studied in the range of 7 – 12. 
Adjustment of the pH was made by the addition of 1 M NaOH and/or 1 M HCl. BF2-
curcumin reagent was first tested against 1 mL of blank solution at different pH. This was 
to assure the stability of the reagent to pH change. The results were shown in Fig 4.2.  
 

 
 
Fig 4.2 Effect of pH on RGB intensity in the presence of 1 mL blank sample. 
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As represented in Fig. 4.2, the measured intensity (IR, IG, IB) from the 
blank test remained unchanged within the ranges of 7 - 9. However, the RGB intensity 
began to decrease after pH 9 corresponding to the formation of a blue color product. Fall 
in the intensity after pH 9 was ascribed to an increased in light absorption of the blank 
blue product which in turn resulted a decrease in reflectance. This observation indicated 
the unstability of BF2-curcumin extract at pH > 9. The pH 7, 8 and 9 which did not show 
any color upon the reaction with the blank sample were subsequently tested with 
different cyanide concentration. As illustrated in Fig. 4.3, the digital image showed the less 
intense of color at pH 7 and 8, even when high concentration of 5 mg/L cyanide was 
applied. Sample pH was therefore fixed at 9 and used in further experiment to avoid any 
effect of pH change. 

   
pH 7     pH 8       pH 9 

Fig 4.3 Digital image of colored product of 5 mg/L cyanide sample and BF2-curcumin at 
pH 7, 8 and 9. 
 

4.1.3 The effect of reaction time 
Since quantitative analysis from colorimetry is highly dependent on the 

intense of color product, the reaction rate and time was important to efficiency and 
precision of detection by the method. In this research, the effect of reaction time was 
varied from 1 – 30 minute. 
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Fig 4.4 Relationship between RGB intensity and reaction time in the presence of 10 mg/L 
cyanide solution. 

After the addition of CN- solution into the 1.5 mL reaction tube, the 
mixture was shaken and left to settle. The solution immediately displayed a faint blue 
color which could be observed with the naked eye and became darker with time. This 
was agreed with the results in Fig. 4.4. The RGB intensity decreased with increasing reaction 
time from 1 – 5 min. However, there was significantly no effect of reaction time on the 
color intensity over 5 min. These referred to the high reaction rate between CN- and BF2-
curcumim.  Based on this observation and results from Fig. 4.4, readings of RGB intensity 
values for quantitative analysis were made in the time frame of 5 min after adding CN- to 
the BF2-curcumin reagent.  

The optimum conditions which gave the highest reaction product (i.e. 
least intensity) were found to be 1 mM BF2-curcumin concentration, pH 9 of sample and 
5 minutes reaction time. 
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4.2 Colorimetric reaction of cyanide with the reagent  
 
 

The reaction of cyanide solution and BF2-curcumin resulted in the 
formation of blue color product which became darker with increasing cyanide 
concentration. This could be observed with the naked eye. The formation of the colored 
product was attributed to the deprotonation of the hydroxyl group of BF2-curcumin. The 
BF2-curcumin consist of two methoxy phenol groups as electron donor parts conjugated 
to the difluoroboron enolate as the electron acceptor Fig. 4.5. Cyanide ion has the 
tendency to deprotonate the hydroxyl moiety of BF2-curcumin molecule. This is because, 
CN- in water is normally present as oxyanions with relatively low acid dissociation constant. 
The negative charges produced could then delocalize to the acceptor part resulting in the 
change of BF2-curcumin color. 

 
 

Fig 4.5 The color change mechanism of BF2-curcumin upon addition of CN- and the UV-
visible spectra of (a) BF2-curcumin solution and (b) in the presence of 20 mg/L of CN-. 
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As shown in Fig. 4.6, there was significantly no change in the blue color 
product at concentration of CN- above 30 mg/L. It was assumed that the complete 
deprotonation of the BF2-curcumin molecules in the solution was established and that no 
change was obtained thereafter. However, there was some significant change in the 
measured RGB intensity values after 50 mg/L CN- concentration as show in Fig. 4.7(a) even 
though the colorimetric product remained unchanged. It was assumed that excess CN- 
concentration after complete deprotonation of the reagent was latent in the solution and 
however increased the absorptivity of the solution. This observation corresponded to the 
decrease in RGB intensity values as the concentration was increased after 50 mg/L. 

 
 
 
 
 
 
 
Fig 6 Colorimetric products obtained from reaction with various concentration of cyanide 
solution (0.2 to 50 mg/L). 
 
 
4.3 Digital image analysis for quantification of cyanide  
 
 

Obtaining analytical data in the form of RGB values from the 
colorimetric product was basically by virtue of the digital image received from a standard 
trichromatic response of a particular image. The RGB intensity data produced a value 
ranging from 0 to 255 for each channel. That is, in the absence of any environmental 
interferences a black digital image will produce an R, G, B value of 0, 0, 0 respectively 
whereas a white digital image will produce R, G, B value of 255, 255, 255 respectively. This 
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phenomenon conforms to the idea that a black digital image absorbs all the light intensity 
directed towards it whereas a white digital image reflects all light intensity directed 
towards it. In addition, the colors obtained from each of the three channels were 
subtractive colors and selectively absorb certain wavelength of light, thus affecting the 
observed eye.  

The optimum parameters, i.e. sample pH of 9, 1 mM BF2-curcumin 
concentration and 5 min reaction time were used to investigate the relationship between 
the RGB intensity and different CN- concentration (0.2 - 100 mg/L). The blue color product 
generated by the reaction could be related to the concentration of CN- present facilitating 
the development of an objective semi analytical methodology. As presented in figure 
4.7(a), the RGB intensity values obtained were inversely related to the concentration of 
CN-. This was attributed to the reaction product formation leading to a decrease in light 
reflectance. The blue intensity was the highest followed by green and red respectively. 
The difference between the individual intensity became obvious and distinct as the 
concentration of CN- was increased and presented as a dark colored product. The highest 
sensitivity was observed by the red component (slope of 2.2788 a.u. L/mg) as shown in 
Fig. 4.7(b) as the slope of the linear dynamic range equation. This observation was basically 
because, the RGB colors are subtractive color from primarily absorbed object. 
Consequently, the blue product from cyanide reaction could highly absorbed the green 
component. Green is a complementary color of blue and thus a high absorbance of this 
color was expected given the presumptive test color was blue. This findings corresponded 
to results obtained from spectrophotometry, which showed the highest absorbance in red 
wavelength region of 578 nm.  The linear response was distinctly observed in the 
concentration range of 0.2 - 7 mg/L.  

The absorbance at each concentration of the colored product was also 
investigated by calculating the absorbance from the intensity using the equation described 
by Kompany-Zareh et al. (2002). On the contrary to the RGB intensity, the obtained RGB 
absorbance values showed a direct relationship with CN- concentration as shown in Fig. 
4.7(c). This observation was related to the high absorption of light by highly concentrated 
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reaction product which corresponded to the dark color product. The absorbance of red 
color was higher than green and blue Fig. 4.7(c). This observation also conforms to the 
inverse relationship between intensity and absorbance. 
 

  
 

  
 
Fig. 4.7 Relationship between cyanide concentration and (a) individual RGB intensity values 
(b) linear range (0.2 - 7 mg/L) (c) calculated absorbance (d) linear range (0.2-7 mg/L). 
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As presented in Fig. 4.7(d) as the slope of each equation, the highest 
sensitivity of the calculated absorbance was again observed by the red component 
(highest slope of 0.0084 a, u. L/mg) in the positive direction, contrary to that of the RGB 
intensity which was observed in the negative direction. Likewise to the RGB intensity, the 
linear response of absorbance was distinctly observed in the range of 0.2 - 7 mg/L.  

 
 

4.4 Total intensities and absorbance of colored product  
 
 

Relationship between the total intensity, total absorbance and CN- 
concentration were also investigated. This was because, in digital colorimetry the color of 
the reaction product is obtained by the combination of RGB data. The total intensity which 
is represented by ITOTAL, was defined as IR + IG + IB and total absorbance which was 
represented by ATOTAL, was defined as AR + AG + AB. The relationship between ITOTAL and 
ATOTAL with CN- concentration are presented in Fig. 4.8  

With regards to the linear dynamic range, both the individual and total 
values (ITOTAL and ATOTAL) covered the same liner range i.e. 0.2 – 7 mg/L sample 
concentration. However the sensitivity of the total RGB intensity and absorbance turned 
to be higher than those of the individual values. The sensitivity of the RGB intensity were 
higher than that of the absorbance. This means that, ITOTAL has higher ability to distinguish 
between similar CN- concentrations compared to ATOTAL. 
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Fig 4.8 Relationship between cyanide concentration and (a) ITOTAL (b) linear range of ITOTAL, 
(c) ATOTAL (d) linear range of ATOTAL. 
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4.5 Blank subtracted RGB values  
 
 
Sample matrix or source of sample can affect to the RGB values of the colorimetric 
product. In order to avoid the interference of the sample matrix, the RGB value of the 
blank was taken into account during the investigation of the analytical performance of this 
proposed method. The RGB value of the blank was subtracted from the individual values. 
The relationship between the subtracted RGB values and CN- concentration both as 
intensities and their absorbance were presented in Fig 4.9 

 

   
 
Fig 4.9 Relationship between blank subtracted RGB values and cyanide concentration (a) 
individual intensity (b) linear range for blank subtracted individual intensity (c) individual 
absorbance (d) linear range for blank subtracted individual absorbance. 
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Fig 4.9 Relationship between blank subtracted RGB values and cyanide concentration (a) 
individual intensity (b) linear range for blank subtracted individual intensity (c) individual 
absorbance (d) linear range for blank subtracted individual absorbance. (Conti.) 
 

As presented in Fig 4.9 (a) and (b), the intensity of the blank subtracted 
RGB values decreased with increased cyanide concentration whereas the absorbance of 
the subtracted RGB values increased with increased cyanide concentration. Furthermore, 
the blank subtraction of the RGB values showed the same sensitivity as that of the original 
individual intensity. The total blank subtraction from the total RGB intensity and 
absorbance were also considered to investigate the analytical performance of this 
method. The results were presented in Fig 4.10. 
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Fig 4.10 Relationship between blank subtracted RGB values and cyanide concentration (a) 
total intensity (b) linear range of total intensity (c) total absorbance (d) linear range of total 
absorbance.  
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the green color component demonstrated the highest sensitivity repeating the result when 
the individual RGB values were considered (Table 4.1). 
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4.6 Analytical performance and method validation 
The analytical performances including calibration equation, linear dynamic range and linearity of the proposed is summarized 
in table 1. Whiles other parameters are shown in table 2. 

Table 4.1. Calibration equation, sensitivity, linear range and correlation coefficient for the detection of cyanide by BF2-curcumin 
reagent. 

Relationships  Linear range  Calibration equation  R2 

 (mg/L)   

IR and C 0.2-7 y = (-2.279 ± 0.04)x+ (126.55 ± 0.2) 0.9990 

IG and C 0.2-7 y = (-2.123 ± 0.1)x+ (145.04 ± 0.4) 0.9931 

IB and C 0.2-7 y = (-0.930 ± 0.02)x+ (169.75 ± 0.09) 0.9985 

AR and C 0.2-7 y = (0.008 ± 0.0002)x+ (0.3039 ± 0.0005) 0.9994 

AG and C 0.2-7 y = (0.007 ± 0.0003)x+ (0.2448 ± 0.001) 0.9944 

AB and C 0.2-7 y = (0.002 ± 0.00006)x +(0.1767 ± 0.0002) 0.9987 

ITOTAL and C 0.2-7 y = (-5.332 ± 0.2)x+ (441.32 ± 0.6) 0.9974 

ATOTAL and C 0.2-7 y = (0.018 ± 0.0004)x+ (0.7254 ± 0.0017) 0.9983 

IR - IRblank and C 0.2-7 y = (-2.279 ± 0.04)x- (1.4708 ± 0.2) 0.9990 

IG - IGblank and C 0.2-7 y = (-2.123 ± 0.1)x- (0.6274 ± 0.4) 0.9931 

IB - IBblank and C 0.2-7 y = (-0.930 ± 0.2)x- (0.9181 ± 0.09) 0.9985 

AR - ARblank and C 0.2-7 y = (0.008 ± 0.0001)x+ (0.0043 ± 0.0005) 0.9994 

AG - AGblank and C 0.2-7 y = (0.007 ± 0.0003)x+ (0.0015 ± 0.001) 0.9944 

AB - ABblank and C 0.2-7 y = (0.002 ± 0.0006)x+ (0.0021 ± 0.0002) 0.9987 

(IR -IRblank) + (IG - IGblank) + (IB - IBblank) and C 0.2-7 y = (-5.332 ± 0.2)x- (3.0163 ± 0.6) 0.9974 

(AR -ARblank) + (AG - AGblank) + (AB -ABblank) and C 0.2-7 y = (0.018 ± 0.0004)x+ (0.008 ± 0.002) 0.9983 
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Table 4.2. Limit of detection, accuracy and precision of BF2-curcumin reagent. 

Relationships  LOD (mg/L) Accuracy Precision (%RSD) 

  Known  Measured %Relative Intra-day Inter-day 

    (mg/L) (mg/L) error     

IR and C 0.31 ± 0.006 4 4.05 1.26 0.90-2.30 0.74-1.10 

IG and C 0.81 ± 0.039 4 4.12 2.91 0.30-1.06 1.00-1.17 

IB and C 0.38 ± 0.008 4 4.03 0.76 0.25-0.44 0.31-0.48 

AR and C 0.25 ± 0.004 4 3.97 -0.77 1.39-3.46 1.11-1.48 

AG and C 0.73 ± 0.032 4 4.07 1.66 0.71-2.40 1.88-2.28 

AB and C 0.40 ± 0.009 4 4.06 1.38    1.09-1.83 1.09-1.70 

ITOTAL and C 0.50 ± 0.015 4 4.07 1.83    0.36-1.00    0.50-0.78 

ATOTAL and C 0.40 ± 0.009 4 4.02 0.46 0.95-2.56 1.15-1.63 

IR - IRblank and C 0.31 ± 0.006 4 4.05 1.25 3.45-7.71 2.93-3.33 

IG - IGblank and C 0.81 ± 0.039 4 4.12 2.90 2.65-6.73 4.24-6.00 

IB - IBblank and C 0.36 ± 0.008 4 4.03 0.72 8.18-9.64 6.52-13.47 

AR - ARblank and C 0.25 ± 0.004 4 3.97 -0.66 3.77-8.65 3.10-3.66 

AG - AGblank and C 0.73 ± 0.032 4 4.08 1.90 2.65-7.15 4.64-6.38 

AB - ABblank and C 0.40 ± 0.009 4 4.06 1.43 8.22-9.79 6.37-13.51 

(IR -IRblank) + (IG - IGblank) + (IB - IBblank) and C 0.50 ± 0.026 4 4.07 1.82 2.97-6.65 3.86-4.06 

(AR -ARblank) + (AG - AGblank) + (AB -ABblank) and C 0.40 ± 0.021 4 4.02 0.46 3.18-7.39 3.57-4.34 
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The red channel provided the lowest limit of detection followed by 
blue and green respectively. This observation was common to both the intensity and the 
calculated absorbance. The blank subtracted RGB intensity and absorbance gave almost 
the same LOD as the original unsubtracted values (Table 2). Furthermore, the total RGB 
intensity and absorbance and the blank subtracted total RGB values gave the same LOD 
i.e. 0.50 ± 0.015 for ITOTAL and (IR -IRblank) + (IG - IGblank) + (IB - IBblank) and also 0.40 ± 0.021 for 
ATOTAL and (AR - ARblank) + (AG - AGblank) + (AB - ABblank). Accuracy in terms of % relative error 
((xe - xknown)/xknown*100) estimated by analyzing a known standard solution (xknown = 4 mg/L) 
and quantification using external calibration (xe) were overall excellent. The percentage 
relative error varied from 0.46 to 2.91% throughout the investigation. This indicated that, 
good accuracies were obtained for almost all measurement. Precision measured by %RSD 
of repetitive analysis (n = 6) was in the range of 0.25 – 3.46 %RSD for intra-day analysis 
and 0.31 – 2.28 %RSD for inter-day (over 5 days) with regards to the individual intensities 
and absorbance. Total intensity showed good precisions i.e. 0.36 – 1.00 and 0.50 – 0.78 
%RSD for intra-day and inter-day intensity precision respectively. Total absorbance also 
gave good precision i.e. 0.95 – 2.56 and 1.15 – 1.63 %RSD for intra-day and inter-day 
absorbance precision respectively. However, the blank subtracted RGV values showed 
poor precision (Table 4.2). In view of this, precision was recommended to be made without 
the blank consideration. 

 
 

4.7 Stability of BF2-curcumin reagent 
 
 

Several BF2-curcumin test kits were prepared at the same time to 
investigate its stability. The test kits were split into two groups with one part stored in a 
desiccator and the other part stored under room temperature to study the effect of 
humidity. Three test kits were removed from each part for cyanide detection within a 
period of 1, 3, 7, 14, 21, 42 and 63 days. The RGB intensities from the test kits stored under 
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room temperature altered by 11.21%, 5.97% and 7.92% respectively throughout the 
experimental period (1 - 63 days) with reference to the least intensity recorded on the 
first day. The intensities measured on the first day gave the highest reaction product Fig. 
4.11(a).  The test kits stored under room temperature also altered by 10.57%, 5.72% and 
5.70% respectively Fig. 4.11(b).  

 

  
 
Fig 4.11 Stability of reagent stored under (a) room temperature (b) desiccator.  
 

The results show insignificant difference between 2 storage conditions. 
It should conclude to recommend for ambient storage because of more convenient 
application. Also, the advantage of reagent sensor should be mentioned that are resistant 
to humidity effect and longtime shelf lite at least 3 months. It was recommended that 
the reagent was stored in a desiccator on the basis of the obtained results. 
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4.8 Interference  
 
 

The sensing ability of the reagent was examined with Cl-, NO3
-, SO4

2-, 
and PO4

3-. These ions were selected because, they possess similar basicity to cyanide ion 
and easily form hydrogen bonding. This phenomenon tends to alter cyanide selectivity in 
several applications. The concentration of chloride and phosphate ions were varied in the 
range of 0 – 50 mg/L whereas that of nitrate and sulfate were in the range of 0 – 30 mg/L 
and 0 – 100 mg/L respectively. The results were represented in Fig. 4.12 
 

  
 
Fig. 4.12 Effect of interfering ions (a) chloride (b) nitrate (c) sulfate (d) phosphate, on the 
intensity of 20 mg/L CN- solution.  
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Fig. 4.12 Effect of interfering ions (a) chloride (b) nitrate (c) sulfate (d) phosphate, on the 
intensity of 20 mg/L CN- solution. (conti.) 
 

RGB intensity values were altered by 13.55%, 7.05%, and 1.94% 
respectively when different concentrations of chloride ions were added to 20 mg/L 
cyanide solution Fig. 4.12(a). The sensibility of cyanide against sulfate was also investigated 
and the RGB intensities measured changed by 8.10%, 2.91% and 1.78% respectively with 
reference to 0.00 mg/L sulfate concentration Fig. 4.12(b). The effect of nitrate on the 
sensibility of cyanide as shown in Fig 4.12(c) was altered by 14.68%, 5.95% and 1.88%. 
Finally the effect of phosphate on the intensity varied by 29.61%, 18% and 4.24%.  Fig 
4.12(d). 

 
 
 
 
 
 
 
 
 

0

20

40

60

80

100

120

140

160

180

0 5 0 1 0 0 1 5 0

In
te

n
si

ty

Sulfate concentration (mg/L)

R G B

0

50

100

150

200

0 2 0 4 0 6 0

In
te

n
si

ty

Phosphate concentration (mg/L)

R G B (d)(c) 



52 
 

4.9 Quantification of CN- in real sample  
 
 

4.9.1 Quantification of CN- concentration in real sample by standard 
spectrophotometer (colorimetric) method and BF2-curcumin reagent 

Water sample was obtained from an abandoned tin mine (de condo) 
site in Phuket-Thailand. Standard addition method was applied to the sample to assure 
the presence on cyanide. A calibration curve was made by preparing standard cyanide 
concentrations (0.2, 0.4, 0.6, 0.8 and 1 mg/L). The absorbance of each concentration was 
measured with a spectrophotometer and the results presented in Fig. 4.13 

 

 
 
Fig 4.13 Relationship between absorbance and cyanide concentration in real sample 
from tin mine site using spectrophotometer. 
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was used as blank. The RGB intensity value of the blank was measured and subsequently 
substituted in each calibration equation as y. The measured RGB intensity was plotted 
against different cyanide concentration (0.2, 0.4, 0.6, 0.8, and 1.0 mg/L) as presented in 
Fig. 4.14. 

 

 
 

Fig 4.14 Relationship between RGB intensity and cyanide concentration in real from the 
abandoned tin mine site using BF2-curcumin reagent. 
 

The results obtained by each color channel from the linear range are 
presented in table 4.3. It was observed that, the green and blue color gave similar 
concentration of cyanide in the real sample. 
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Table 4.3 Quantification of cyanide in the real sample by BF2-curcumin synthesized 
reagent. 
 

Intensity y= mx + c y m c calculated 

            

R y= -5.833x + 170.1 175.667 -5.833 170.01     0.9543 

G y= -6.x + 170.67  174.333 -6.000 170.67     0.6106 

B y= -6.1667x + 174.03  178.000 -6.167 174.03     0.6437 

 
4.10 BF2-curcumin synthesized starch film   
 
 

Due to the advantages associated with the use of polymeric materials 
with chromogenic units embedded in their molecular structure such as specific selectivity 
of analyte and also their excellent film forming properties. It was of interest to incorporate 
BF2-curcumin regent into the molecular structure of starch. Parameters affecting to the 
synthesis of BF2-curcumin synthesized starch film and the reaction parameters between 
the sensor and cyanide sample were investigated. The parameters includes mass of starch, 
heating temperature and time spent in oven, reaction time and pH of sample. 

 
4.10.1 Effect of  Mass of flour 

The optimum concentration of BF2-curcumin obtained during the 
synthesis of the reagent in 4.1.2 was fixed to investigate the mass of flour which will give 
the highest reaction product. Mass of flour was initially varied between 0.2 – 2 g. It was 
observed that flour solutions of masses above 0.8 g were thick to the extent that they 
could not be pipetted by the micro pipette. For this reason, the mass of flour was 
narrowed to 0 - 0.8 g. 2.5 mL of each flour solution was mixed with 1 mL of 1 M BF2-
curcumin. Hundred microliters of the mixture was pipetted into a 1.5 ml micro tube which 
was then placed in an oven at 60 oC for 60 min. The synthesized test kit was made to 
react with 1mL 20 mg/L CN- solution. It was observed that, the mixture with mass of flour 
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above 0.4 g were difficult to pipette due to their high viscosity. The effect of mass of flour 
on the colorimetric product and RGB intensity were presented in Fig 4.14.  

 
 

 

 

 

 

 

 

 

 

 
 
Fig 4.15 The effect of mass of flour on (a) Colorimetric product (b) RGB intensity  
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micro tube as required. This caused both surface of the BF2-curcumin synthesized starch 
film to react with cyanide to give a reaction product at the bottom of the tube as shown 
in Fig 4.15(a). In view of this, masses of flour above 0.4 g could not be used. In addition, 
the RGB intensity initially decreased when the mass of flour was increased from 0 - 0.05 g 
(Fig 4.15(b)). However, the intensity increased after 0.05 g of flour. This indicated the 
unstabilized reaction product at excess mass of flour. Moreover, the increase in the RGB 
intensity after 0.05 g was also attributed to less available reagents to react with the analyte 
corresponding to faint blue color product. This effect was basically because, increased in 
mass of the flour caused an increased in density since volume of the mixture was held 
constant. Increased in density decreased the total reacting surface area of the reagent 
which in turn caused a less reaction product. Considering the effect of different masses of 
flour, 0.05 g was chosen and fixed as the optimum mass of flour and used for further 
experiment. 

 
4.10.2 Effect of BF2-curcumin concentration 

The optimum mass of flour (0.05 mg/L) was fixed to investigate the 
optimum concentration of BF2-curcumin. The concentration BF2-curcumin was varied in 
the range of 0.02 - 0.8 mM. Each concentration was first tested with 1 mL of 20 mg/L CN- 
solution. The effect of the reagent concentration on the colorimetric product and intensity 
were shown in Fig. 4.16 
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Fig 4.16 Effect BF2-curcumin concentration on (a) Colorimetric product and (b) RGB 
intensity. (Conti.) 
 

As shown in Fig. 4.16(a), the blue colored reaction product became 
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which turned to dilute the solution after the complete deprotonation of BF2-curcumin. In 
addition, as shown in figure 4.16(b), the RGB intensity decreased with increased BF2-
curcumin concentration. However, the intensity began to increase at concentrations above 
5 mM. This was also ascribed to the apparent change in the targeted color of the reaction 
product. To establish the exact optimum concentration, BF2-curcumin reagent (2 – 5 mM) 
were subsequently tested against low cyanide concentration i.e. 10 and 5 mg/L CN-.  The 
results are shown in Fig. 4.16 (c) and (d). 

 

  
 
Fig 4.16 Relationship between BF2-curcumin concentration and RGB intensity (c) 10 mg/L 
(d) 5 mg/L. (Conti.)  
 

It was observed that, 5 mM of BF2-curcumin gave the least intensity 
with both concentration corresponding to the highest reaction product. In addition, the 
results showed the optimum of 5 mM was enough to detect low concentration of cyanide, 
even 5 mg/L. In view of this observation, 5 mM was chosen as the optimum reagent 
concentration for subsequent experiment. 
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4.10.3 Effect of temperature in oven 
The temperature at which the sensor was kept in an oven to obtain 

the dry product was varied between the ranges of 50 - 75 oC. The results were shown in 
Fig 4.17.  
 

 

 

 
 
 
 
 

 
 

Fig 4.17 Relationship between temperature in oven and (a) colorimetric product (b) RGB 
intensity. 
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RGB intensity which corresponded to the highest reaction product was observed at 60 oC 
Fig 4.17(b). This indicated the film lost its sensoring property when temperature was higher 
than 60 oC. Both results from the colorimetric product and RGB intensity showed that 60 
oC was the optimum oven temperature to change the solution to the film product.  

 
4.10.4 Effect of reaction time  

After the addition of CN- solution to the test kit, the solution was shaken 
and left to settle. The solution rapidly turned to blue and its intensity was measured. 
Reaction time was varied from 1 – 30 min. 
 

 
 
Fig. 4.18 Effect of reaction time on RGB intensity 
 

The RGB values gradually decreased with time. However, as shown in 
Fig. 4.18, there was significantly no effect of reaction time on the color intensity over 5 
min. These referred to the high reaction rate between CN- and BF2-curcumim.  Based on 
this observation, RGB intensity was noticed in the time frame of 5 after reaction start. 
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4.10.5 Effect of time spent in oven  
During the preliminary test it was observed that the solution in the 

reaction tube was still not dried up at times below 30 minutes. The effect on heating time 
was therefore varied between 30 - 210 minutes. The blue color product became darker 
with time but however began to fade after 90 minutes as shown in figure 4.19(a).  

 
 
 

 

 

 

 

 

 
 
Fig 4.19 Effect of heating time on (a) colorimetric product (b) RGB intensity. 
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The RGB values decreased from the 30th minutes to the 90th minutes 
when it began to increase. The increment was apparent after the 120th min (Fig. 19(b)). 
Sampling time in the oven was therefore fixed at 90 min since it gave the least RGB 
intensity which corresponds to the highest reaction product.  
 
4.10.6 Effect of volume of solution in the reaction tube 

Obviously, the volume of BF2-curcumin in tube reflected the amount 
of reactant, the effect of the volume of BF2-curcumin synthesized starch solution in the 
micro tube on the intensity was therefore explored. This was to obtain the exact volume 
which will yield the highest reaction product. The results are presented in Fig. 4.20. 

 
 

 
 
 
 
 
 
 
 

Fig. 4.20 Effect of volume of BF2-curcumin synthesized starch solution in tube on (a) 
colorimetric product and (b) RGB intensity. 
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Fig. 4.20 Effect of volume of BF2-curcumin synthesized starch solution in tube on (a) 
colorimetric product and (b) RGB intensity. (Conti.) 
 

The blue product gradually became intense as the volume of the 
solution was increased. However, there was a significant change of color from blue to 
brown after 100 mL of the solution Fig. 4.20(a) corresponding to a rise in RGB intensity 
values. RGB intensity gradually decreased from 25 mL to 100 mL as shown in Fig 4.19. A 
clear rise in the intensity was observed after 100 mL. The rise in the intensity become 
obvious as the volume was increased from 125 and 150 mL. This observation was ascribed 
to the excess reagent which turned to dilute the intensity of the colorimetric product. The 
volume of the solution was therefore fixed at 100 mL since it gave the least intensity. 

 
4.10.7 Effect of pH of sample 

The pH effect on the colorimetric product and the RGB intensity values 
was investigated by first testing the sensor with a blank solution at different pH (5, 6, 7, 8, 
9, 10, and 11). The color of the reaction products remain unchanged at pH 6 - 9 but 
however turned to blue at pH > 9 as shown in Fig. 4.21(a). 
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Fig 4.21 Effect of pH on (a) colorimetric product (b) RGB intensity when tested with 1mL 
blank sample (c) when tested with 10 mg/L cyanide.  
 

Agreed with the results from reagent part, the measured intensity (IR, IG, 
IB) from the blank test remained significantly unchanged over the range of 5 – 7 Fig. 4.21(a). 
There was a sudden rise in the intensity over the range of 7 - 9. However, the RGB intensity 
began to fall after pH 9 corresponding to the formation of a blue color product Fig 4.21(a). 
The fall was very distinct at pH 10 and 11. The sudden fall in intensity at pH > 9 was 
ascribed to an increased in light absorption of blank blue product which resulted in a 
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decrease in reflectance. This observation indicated the unstability of BF2-curcumin extract 
at pH > 9. The pH 6, 7, 8 and 9 which did not show any color were subsequently tested 
with 10 mg/L CN- solution Fig. 4.21(c). As presented in Fig 4.21(c), the least RGB intensity 
was observed at pH 9 which signifies the highest reaction product. The sample pH was 
therefore fixed at 9 for the subsequent experiments.  

The optimum conditions for the synthesis and reaction of BF2-curcumin 
synthesized starch film with cyanide  were found to be 0.05 g of flour, 5 mM BF2-curcumin, 
60o C oven temperature, 5 min of reaction time, 90 min of time spent in the oven, 100 µL 
of solution in the PCR tube and sample pH of 9.  

Images from scanning electron spectroscopy of the blank and BF2-
curcumin synthesized starch film are shown in Fig. 4.22. 
 

  
 
Fig 4.22 Image from scanning electron microscopy (SEM) of (a) starch film (blank) and (b) 
BF2-curcumin synthesized starch film. 
 

The blank starch film showed a smooth surface without any particles 
Fig. 4.22(a). The curcumin was identified to be the white particles anchored in the polymer. 

(a) (b) 
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It is these particles that react with cyanide to produce the blue color product. The 
polymer showed a good compatibility with the curcumin particles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.23 FTIR spectrum of (a) blank starch film and (b) BF2-curcumin reagent anchored in 
the molecular structure of the starch film. 
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4.11 Colorimetric reaction of BF2-curcumin synthesized starch film and CN- 

 

 

A colorimetric test of CN- with the sensor produced a faint brown-blue 
color product. The brown-blue color gradually turned into blue and became darker as the 
concentration of CN- solution was increased (Fig. 24). 

 
 
 
 
 

 
Fig 4.24 Colorimetric products obtained from reaction with various concentrations of 
cyanide solution (0.2 to 100 mg/L). 
 
 
4.12 Individual RGB intensity analyzed by BF2-curcumin synthesized starch film 
 
 

The quantification of cyanide using BF2-synthesized starch film was 
achieved by digital image colorimetric as previously described in 4.3. Digital image of the 
blue complex produced by CN- were captured and their intensities measured. The 
intensity of the blue channel was the highest among the three color channels followed 
by green and red respectively. This difference became clearer as the concentration of 
cyanide was increased and presented as a dark colored product (Fig 4.24). The blue 
channel showing the highest intensity indicated that, the sample reflected more light in 
the blue region. In addition, the highest sensitivity was observed by the green color with 
slope of 1.663 a.u. L/mg. The red color channel was next to the green color in sensitivity 
followed by the blue with slopes of 1.3398 and 0.8624 a.u. L/mg, respectively (Fig 4.25(b)).  
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Fig 4.25 Relationship between cyanide concentration and (a) individual RGB intensity, (b) 
RGB intensity linear range (0.2-7 mg/L) 
 

As presented in Fig. 25(b), the linear range was observed in the range 
of 0.2 to 10 mg/L for the red and green color channel. However, it was observed within 
the range of 0.2 to 7 mg/L for the blue color channel. 

 
 

4.13 Individual RGB absorbance  
 
 

The absorbance of the reaction products were also investigated by 
calculating the molecular absorption of the colorimetric product using equation 1. The 
red channel revealed the highest level of absorbance followed by green and blue channel 
respectively. This observation corresponded to the inverse relationship between RGB 
intensity and RGB absorbance. The calculated RGB absorbance increased with increased 
cyanide concentrations. Likewise to the sensitivity of the individual color channel of the 
RGB intensity, the highest sensitivity was observed at the green color channel followed by 
red and blues respectively as shown in Fig. 4.26(b). 
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Fig 4.26 Relationship between cyanide concentration and (a) individual RGB absorbance 
(b) RGB absorbance linear range. 
 
 
4.14 Total RGB values 
 
 

As previously describe in 3.4, the total RGB values i.e. total intensity 
and absorbance were considered since they will provide some more comprehensive 
information to that of the individual values. The relation between total RGB values and 
cyanide concentration are presented in Fig. 4.27. 
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Fig 4.27 Relationship between total RGB values and cyanide ion concentration (a) ITOTAL 
(b) linear range for ITOTAL, (c) ATOTAL (d) linear range for ATOTAL. 
 

As shown in Fig. 4.27 (b) and (d), the linear ranges of the total RGB 
values were the same as that of the individual values but provided higher overall intensity.  

 
 

0

50

100

150

200

250

300

350

400

450

0 50 100 150

To
ta

l I
n

te
n

si
ty

 

Cyanide concentration (mg/L)

y = -3.9544x + 400.05
R² = 0.9993

370

375

380

385

390

395

400

405

0 2 4 6 8

To
ta

l i
n

te
n

si
ty

Cyanide concentration (mg/L)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 50 100 150

A
TO

T
A

L

Cyanide concentration (mg/L)

y = 0.0136x + 0.8468
R² = 0.9995

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0 2 4 6 8

A
TO

T
A

L

Cyanide concentration (mg/L)

(a) (b) 

(c) (d) 



71 
 

4.15 Blank subtracted RGB values  
 
 

The relationship between cyanide concentration and RGB values of the 
colored product, from which the RGB value of the blank was subtracted was investigated. 
Both individual and total intensity and absorbance were studied. 

 

  
 
Fig 4.28 Relationship between blank subtracted RGB values and cyanide concentration for 
(a) individual intensity, (b) linear range for blank subtracted individual intensity, (c) 
individual absorbance and (d) linear range for blank subtracted individual absorbance.  
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Fig 4.28 Relationship between blank subtracted RGB values and cyanide concentration for 
(a) individual intensity, (b) linear range for blank subtracted individual intensity, (c) 
individual absorbance and (d) linear range for blank subtracted individual absorbance. 
(Conti.) 
 

When the RGB values of the blank were subtracted, the intensity 
decreased with increasing cyanide concentration whereas the absorbance increased with 
increasing cyanide concentration. This observation did not show any difference with the 
RGB values without the blank subtraction. The green color channel showed the highest 
sensitivity imitating the results when the individual RGB values were considered. The total 
blank subtraction from the total RGB intensity and absorbance were also considered as 
mentioned in 3.5. The results are presented in Fig 4.29 
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Fig 4.29 Relationship between blank subtracted RGB values and cyanide ion concentration 
(a) total intensity (b) linear range of total intensity (c) total absorbance (d) linear range of 
total absorbance. 
 

The blank subtraction from the total RGB intensity value gave a higher 
sensitivity as compared to the blank subtraction of the individual intensity (Fig. 4.27 (b) 
and (d)). However, the blank subtraction of the RGB absorbance gave less sensitivity to 
that of the individual absorbance.  
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4.16 Analytical performances and method validation 
The linear range, calibration equation and linearity of the BF2-curcumin synthesized starch film sensor 

are summarized in table 4, while other analytical performances, i.e. precision and accuracy are shown in table 5. 
 

Table 4.4 Calibration equation, sensitivity, linear range and for correlation coefficient for the detection of cyanide by the 
sensor 
 

Relationships  

Linear range             

( mg/L) Calibration equation R2 

    

IR and C 0.2-10 y = (-1.340 ± 0.03)x + (123.2 ± 0.1) 0.9981 

IG and C 0.2-10 y = (-1.663 ± 0.05)x + (132.63 ± 1.8) 0.9966 

IB and C 0.2-7 y = (-0.862 ± 0.03)x + (144.01 ± 0.4) 0.9926 

AR and C 0.2-10 y = (0.005 ± 0.0001)x + (0.316± 0.004) 0.9981 

AG and C 0.2-10 y = (0.006 ± 0.0002)x + (0.283 ± 0.006) 0.9978 

AB and C 0.2-7 y = (0.003 ± 0.00009)x + (0.248 ± 0.001) 0.9933 

ITOTAL and C 0.2-7 y = (-3.954 ± 0.1)x + (400.05 ± 2.5) 0.9993 

ATOTAL and C 0.2-7 y = (0.014± 00.0002)x + (0.847 ± 0.003) 0.9995 

IR - IRblank and C 0.2-10 y = (-1.340 ± 0.04)x - (0.853 ± 1.3) 0.9981 

IG - IGblank and C 0.2-10 y = (-1.663 ± 0.06)x - (0.868 ± 2.05) 0.9966 

IB - IBblank and C 0.2-7 y = (-0.862 ± 0.03)x - (1.106 ± 0.4) 0.9926 

AR - ARblank and C 0.2-10 y = (0.005 ± 0.0001)x + (0.0026 ± 0.004) 0.9981 

AG - AGblank and C 0.2-10 y = (0.006 ± 0.0002)x + (0.0024 ± 0.006) 0.9978 

AB - ABblank and C 0.2-7 y = (0.003 ± 0.00009)x + (0.0033 ± 0.001) 0.9933 

(IR -IRblank) + (IG - IGblank) + (IB - IBblank) and C 0.2-7 y = (-3.954 ± 0.06)x - (2.6211 ± 0.2) 0.9993 

(AR -ARblank) + (AG - AGblank) + (AB -ABblank) and C 0.2-7 y = (0.014 ± 0.0002)x + (0.008 ± 0.0007) 0.9995 
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Table 4.5 Limit of detection, accuracy and precision of BF2-curcumin synthesized starch film 

Relationships  LOD (mg/L) Accuracy Precision (%RSD) 

  Known  Measured %Relative Intra-day Inter-day 

    (mg/L) (mg/L) error     

IR and C 0.43 ± 0.007 4 4.049 1.176 0.74-1.10 0.61-1.12 

IG and C 0.60 ± 0.020 4 3.887 2.836 0.10-1.17      0.82-1.25 

IB and C 0.84 ± 0.029 4 4.195 4.880 0.31-0.48 0.39-0.40 

AR and C 0.55 ± 0.012 4 3.975 0.616 1.11-1.48 0.77-1.66 

AG and C 0.58 ± 0.018 4 3.827 4.330 1.88-2.28 1.33-2.20 

AB and C 0.82 ± 0.028 4 3.987 0.335 1.09-1.70 1.18-1.21 

ITOTAL and C 0.51 ± 0.015 4 3.946 1.341 0.50-0.78 0.24-0.78 

ATOTAL and C 0.21 ± 0.003 4 3.907 2.323 1.15-1.37 0.43-1.51 

IR - IRblank and C 0.34 ± 0.010 4 4.049 1.222 2.93-3.33      1.74-3.89 

IG - IGblank and C 0.68 ± 0.025 4 3.888 2.800 4.24-6.00      2.64-6.36 

IB - IBblank and C 0.84 ± 0.029 4 4.064 1.609 6.24-13.47 4.69-6.52 

AR - ARblank and C 0.55 ± 0.012 4 3.991 0.236 3.10-3.66 2.17-4.36 

AG - AGblank and C 0.57 ± 0.018 4 3.817 4.583 4.64-6.38 2.98-6.90 

AB - ABblank and C 0.84 ± 0.029 4 3.972 0.701 6.37-13.52 4.75-6.57 

(IR -IRblank) + (IG - IGblank) + (IB - IBblank) and C 0.25 ± 0.004 4 3.945 1.368     3.19-4.06      1.32-4.29 

(AR -ARblank) + (AG - AGblank) + (AB -ABblank) and C 0.21 ± 0.003 4 3.905 2.364  3.57-4.33  1.39-4.73 
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The limit of detection calculated using the standard method (LOD = yB 
+ 3SB where yB is the intercept of the calibration curve and SB is the standard deviation of 
blank) were in a range of 0.21 ± 0.003 to 0.84 ± 0.029 mg/L. Accuracy evaluated as 
%relative error as described in 4.6 was generated by analyzing a known concentration of 
cyanide standard (xKnown = 4 mg/L) and quantified using external calibration. A relative 
error of 0.236 to 4.195% was obtained indicating good accuracy of analysis. The precision 
in terms of %RSD from 3 repetition of the analysis of cyanide (20 mg/L) within the same 
day (intra-day), were in the range of 0.65 to 2.51%RSD for the intensity. The calculated 
absorbance precision ranged from 0.83 to 2.81%. When the analysis were performed over 
three days, the precision ranged from 1.15 to 2.97% and 1.85 to 3.44 for the intensity and 
calculated absorbance respectively. The total RGB values also gave good precision but 
the blank subtracted RGB values however gave poor precisions conforming to the results 
obtained in the investigation of the reagent 4.6. 

 
 

4.17 Stability of BF2-curcumin synthesized starch film 
 
 

As previously described in 4.7, several BF2-curcumin synthesized starch 
film were prepared at the same time to investigate the stability sensor. The regent were 
split into two groups with one part stored in a desiccator whereas the other part stored 
under room temperature. Three test kits were removed from each part for cyanide 
detection within a period of 1, 3, 7, 14, 28, 56 and 84 days. The RGB intensities of the 
sensors stored under room temperature altered by 3.297%, 8.727% and 4.986% (Fig. 
4.30(a)) respectively throughout the experimental period (1 - 84 days) with reference to 
the least intensity recorded on the first day which corresponds the highest reaction 
product (Fig. 4.28).  The test kits stored in a desiccator also altered by 11.478%, 5.891% 
and 5.799% respectively (Fig. 4.30(b)).  
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Fig 4.30 Stability of BF2-curcumin synthesized starch sensor stored under (a) room 
temperature (b) desiccator. 
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4.18 Interference  
 
 

The sensing ability of the BF2-curcumin synthesized starch sensor was 
examined by Cl-, NO3

-, SO4
2-, and PO4

3-. The results are presented in Fig. 4.31. 
 

  
 

  
 
Fig 4.31 Effect of interfering ions on the RGB intensity of 20 mg/L CN- solution (a) chloride 
(b) nitrate (c) sulfate (d) phosphate  
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Addition of different concentrations of chloride (0 - 50 mg/L) anions 
changed the RGB intensity values of 20 mg/L cyanide solution by 2.001%, 2.278%, and 
1.979% respectively (Fig. 4.29(a)). Sulfate anions influenced the selectivity of 20 mg/L 
cyanide solution by altering the RGB intensity values by 3.330%, 4.732% and 4.101% 
respectively (Fig. 4.29(b)). The effect of nitrate on cyanide selectivity was also considered. 
The nitrate anions altered the RGB intensity values by 4.171%, 4.978% and 3.125% 
respectively (Fig. 4.29(c)). The RGB intensity values of the cyanide solution was disturbed 
by phosphate by 25.722%, 26.77% and 11.78% respectively. 

 
 

4.19 Quantification of CN- concentration in real sample  
 
 
4.9.1 Quantification of CN- concentration in real sample by sensor  

By the same approach in 4.9.1, Water samples obtained from the 
abandoned tin mine site was tested with the developed BF2-curcumin synthesized starch 
sensor. Ones again the RGB intensity value of the blank (reagent in DI water) was measured 
and subsequently substituted in each calibration equation as y. The measured RGB 
intensity of each concentration was plotted against their respective concentrations 
concentration (0.2, 0.4, 0.6, 0.8, and 1.0 mg/L) as presented in Fig. 4.32. 
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Fig 4.32 Relationship between RGB intensity and cyanide concentration from real sample 
using BF2-curcumin synthesized starch film. 
 

The results obtained by each color channel from the linear range are 
presented in table 4.6. It was observed that, the green and blue color gave similar 
concentration of cyanide in the real sample. 

 
Table 4.6 Quantification of cyanide in the real sample by BF2-curcumin synthesized starch 
film. 
 

Intensity y= mx + c y m c calculated 

            

R y= -2.833x + 152.57 155.6667 -2.833 152.57 1.09 

G y= -4.1667x + 154.3 158.6667 -4.1667 154.3 1.05 

B y= -2.1667 + 161.5 162.6667 -2.1667 161.5 0.54 

 
 
 
 

y = -2.8333x + 152.57
R² = 0.9897

y = -4.1667x + 154.3
R² = 0.9889

y = -2.1667x + 161.5
R² = 0.9826
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Chapter 5 
 
 

Conclusion  
 
 

An environmentally colorimetric chemical sensor to detect cyanide in 
water was successfully developed by synthesizing BF2-curcumin reagent. Parameters 
affecting to the synthesis of the reagent and sensor were well investigated. In addition, 
parameters affecting the reaction product of the developed test kit and cyanide were also 
optimized to achieve the optimum conditions. The color of the reagent changed from 
orange-red to blue upon reacting with cyanide solution. The color changed could be 
observed within the first minute of the reaction product by the naked eye. The regent 
was well entrapped in the molecular structure of a polymer due to some advantages such 
as specific selectivity and excellent film forming property associated with polymers. Real 
–time Red-Green-Blue (RGB) color data of the colorimetric product from the test kits were 
successfully obtained using a free of charge application installed on an iPhone. A 
laboratory protective box was profitably employed during the measurement of RGB 
intensity. This aided to avoid any environmental light interference. Quantification was 
substantiated with known concentration standards and real sample testing confirming the 
accuracy of the technique. The results were comparable with that of the 
spectrophotometer analysis. Stability results from the reagent and sensor showed 
insignificant difference between the two storage conditions, i.e. storage under room 
temperature and storage in a desiccator. The test kits had the ability to be used over long 
period of time under both conditions. However, it was recommended that, ambient 
storage should be used due to the conveniences associated with it. Both BF2-curcumin 
reagent BF2-curcumin synthesized starch film show good sensing ability among ions such 
as Cl-. NO3-, SO42- and PO43-. This colorimetric method showed several advantages such 
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as simple synthesis of reagent and sensor, economically feasible and above all, 
environmentally friendly. Furthermore, the methodology demonstrated has significant 
potential for on-site field use in rapid detection of cyanide.  
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