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The development of melamine sensors is an important research theme 
because contaminating melamine in dairy products or infant powder is toxic to 
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CHAPTER I 
INTRODUCTION 

1.1 Melamine 

Melamine (C3H6N6) is a high nitrogen-containing compound (66% by mass) with a 
cyclic structure as shown in Figure 1.1. It has been widely used in many industrial 
applications, for examples, the production of melamine-formaldehyde resins which 
are used in plastic, paints, adhesives, and fire-retardants. 

 
1,3,5-triazine-2,4,6-triamine 

Figure 1.1 Structure of melamine. 
Recently, melamine contamination was found in milk and dairy products as well 

as infant formula for the false increase of protein levels as determined by the 
nitrogen contents. Although melamine has low toxicity, it can be associated with 
cyanuric acid to form high molecular weight network complexes. These complexes 
have poor aqueous solubility and precipitate in the renal tubes, causing damage to 
the urinary system, development of kidney stones, renal failure and ultimate death 
[1, 2] (Figure 1.2). Therefore, the U.S. Food and Drug Administration (US-FDA) has set 
a safe contamination level of melamine at 1 mg.kg-1 for powdered infant milk 
formula and at 2.5 mg kg-1 for other foods [3]. While, the World Health Organization 
(WHO) has specified the tolerable daily intake for melamine to be 0.2 mg.kg-1 body 
weight per day [4]. 
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Figure 1.2 The toxicity of melamine in the human body 

Nowadays, several methods for melamine detection have been reported such as 
Gas Chromatography mass spectrometry (GC-MS), High-Performance Liquid 
Chromatography (HPLC) [5, 6], Liquid chromatography–mass spectrometry (LC-MS) [7, 
8], Enzyme-linked immunosorbent assay (ELISA) [9], Electrochemical method [10], 
Colorimetric technique [11], Nuclear magnetic resonance (NMR) spectroscopy [12], 
and Capillary electrophoresis (CE) [13]. Most of these methods are highly sensitive, 
but they require high-cost instruments, complicated sample preparation, and well-
trained technicians or instrument users. Therefore, the development of a rapid, easy, 
and inexpensive method for melamine detection has become essential. With respect 
to its high sensitivity and reasonable instrument cost, fluorescence technique has 
become more favarable and desirable technique of detection.  

1.2 Fluorescence 

Fluorescence technique has wildly been used in the field of chemistry and 
biological sciences due to its high selectivity, sensitivity, and rapid detection. With the 
made of portable devices, it can be applied easily for real-time and on-site 

applications. Good fluorescent compounds usually contain long -conjugation and 
generally are planar which consequently allow electrons to delocalize thorough the 
entire conjugated system. Molecules with multiple aromatic rings usually have high 
rigidity with restricted C-C bond rotation. As a result, these molecules exhibit strong 
fluorescent signals. Examples of fluorescent compounds (fluorophores) are shown in 
Figure 1.3 [14]. 
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Figure1.3 Examples of fluorescent compounds.  
 
1.2.1 Principle of fluorescence 

The fluorescence process involves the absorption and emission of light energy by 
the molecules and this process is usually illustrated by the Jablonski diagram (Figure 
1.4). When molecules absorb sufficient amount of energy, they become unstable 
and can often be called as “molecules in excited states”. The excited molecules will 
first release some energy in the forms of molecular rotation and vibration, or thermal 
energy until they reach a semi-stable or locally excited state (LE) which is usually the 
lowest electronic excited state. The remaining energy will be released in the form of 
fluorescent light as the molecules completely return to the ground state (S0) [14]. 
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Figure 1.4 The Jablonski diagram  

When the fluorescence spectroscopy is applied in chemosensors, the disturbance 
of fluorescent signals by analyts are usually detected and compared to the original 
intensity. There are several mechanisms of fluorescent signal changes, which involve 
how the sensors are designed and the interaction between sensors and analyts. 

1.2.2 Fluorescent chemosensors 

In general, a fluorescent sensor contains two major components which are a 
fluorophore and a receptor. The good receptor should be able to recognize a 
specific target substance which is known as the analyte. A selective binding between 
receptor and analyte depends on the size, shape, and binding energy. On the other 
hands, fluorophore part will serve as a signal transducer which reports the binding 
event. Typical mode of detection are fluorescence enhancement or signal turn-on 
and the fluorescence quenching of signal turn-off [14]. 

1.2.2.1 Fluorescence Quenching  

The intensity of fluorescence can be decreased by several quenching 
processes. The fluorescence quenching is usually characterized by the Stern–Volmer 
equation [15]. 
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From equation, I0 and I are the fluorescence intensities in the absence and presence 

of quencher, respectively; kq is the bimolecular quenching constant; 0 is the lifetime 
of the fluorophore in the absence of quencher; and [Q] is the concentration of 

quencher. The Stern-Volmer quenching constant is given by KD = kq 0. Stern-Volmer 
constant will be represented by KD when quenching is known to be dynamic and 
represented by KSV when quenching is known to be static. Quenching data are usually 
presented as plots of I0/I versus [Q]. This is because the I0/I is expected to be linearly 
dependent upon the concentration of quencher. A plot of I0/I versus [Q] yields an 
intercept of one on the y-axis and a slope equals to KSV.  

1.2.3 Mechanism of fluorescent signal changes 

According to the Jablonski’s diagram, the highly rigid molecules give high 
fluorescent intensities at the shorter wavelength due to the lower degree of 
geometrical relaxation. In contrast, less rigid molecules can allow the excited 
molecules to vibrate and rotate more vigorously; therefore, a large portion of energy 
should be lost prior to returning to the ground state. Therefore, the emission 
wavelengths of less rigid molecules should be longer and the fluorescent intensities 
might be lower. Aparts from the rigidity, several processes can also alter the 
fluorescent signals. 

1.2.3.1 Photo induced-electron transfer (PET)  

Photo-induced electron transfer (PET) often results in fluorescent signal 
quenching [16]. This phenomenon has been widely applied for fluorescent sensor 
[17-19]. The PET-based sensors consist of a fluorophore and a receptor linked by a 
spacer as shown in Figure 1.5 [20].  

 

 
Figure 1.5 The format of fluorescent PET sensor. 
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The fluorophore-spacer-receptor can be classified into two modes: fluorescence 
“turn-off” and fluorescence “turn-on”. When the electron of the fluorophore is 
excited, the electron from HOMO of the receptor which has a higher energy will 
transfer to the lower singly occupied orbital of the fluorophore, resulting in a 
fluorescence quenching or fluorescence “turn-off” (Figure 1.6). When there is a 
binding between analyte and receptor; making the energy level of HOMO of the 
receptor lower than the fluorophore, there will not be the electron transfer between 
the two fragments. Thererfore, the fluorescent signal will be greatly enhanced and it 
is called a fluorescence “turn-on” [21]. 

 

 
Figure 1.6 General sensor designs by PET mechanism [22]. 
 
1.2.3.2 Internal charge transfer (ICT)  

Internal charge transfer (ICT) is an important and common process that changes 
fluorescent intensity [23]. It is a typical phenomenon occurring to the molecules that 
contain both electron-donating and electron-withdrawing groups. During this process, 
the molecules will not return from the locally excited state (LE) to the ground state, 
but they will populate at the more stable state called “ICT” state according to the 
Frank-Condon principle (Figure 1.7). Then, the emission energy will be lower and the 
molecules show a large Stoke shift and red-shifted emission. In some cases, the 
fluorescent signals disappear when the emitted energy is out of the UV-visible range 
[24] 
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Figure 1.7 Potential energy surfaces of the ground state (S0) is excited to and S1 or S2 
and then relaxed to LE, and ICT (FC = Franck-Condon). 
 
1.2.3.3 Aggregation-caused quenching (ACQ)  

Most of the organic fluorescent compounds with disc-like structure are highly 
emissive in dilute solution or in good solvents. They ususally become weakly 
fluorescent in solid state or aggregated-form in poor solvent. This signal decrease 

results from the strong - stacking interactions between molecules (Figure 1.8). 
The aggregation is side-by-side which promotes the formation of H-aggregates with 
ordered or random structure [25]. The excited states of the aggregates often decay 
via non-radiative pathways, which is notoriously known as aggregation-caused 
quenching (ACQ) [26] of light emission in the condensed phase. The formation of 
aggregates-caused quenching (ACQ) effect has been problems in some applications, 
for example the thin films ororganic compounds frabricated in organic light-emitting 
diode (OLED) devices. 

1.2.3.4 Aggregation-induced emission enhancement (AIEE)  

Some organic compounds exhibit strongly luminescenes when they aggregate in 
poor-solvents or are fabricated into solid states. As an irregular phenomena, 
aggregation-induced emission enhancement (AIEE) [27-31] have recently been much 
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interested [21].  In 2001, AIEE is a unique photoluminescence property that was first 
discovered to happen to most propeller-shaped molecules. These fluorophores are 
non-emissive when dissolved in good solvents or in dilute solution because the 
intramolecular rotation converts photonic energy to heat and deactivates the excited 
states non-radiatively. The restrictions of intramolecular rotations (RIR) [32] in J-
aggregated (red shift) formation can be predicated in the main cause for the AIEE 
effect. To date, a variety of compounds with AIEE characteristics have been 
developed for applications in chemical sensors, biological imaging, and 
optoelectronic devices. 

 

 
Figure 1.8 Planar molecules such as pyrene tend to aggregate just as discs pile up 

due to strong – stacking interactions, which commonly turn “off” light emission, 
whereas nonplanar propeller-shaped luminogens such as hexaphenylsilole (HPS) 
behave oppositely, with their light emissions turned “on” by aggregate formation, 
due to the restricted intramolecular rotation in the aggregates. 
 
1.3 Naphthalimide derivatives as fluorescent sensors  

1,8-Naphthalimide is popularly used as fluorescent signal transducer in sensors 
because it has high absorption coefficient, strong fluorescence signal, high quantum 
yield, large Stokes shift, good photo and thermal stability, good solubility in common 
organic solvents, and simple structural modification. Naphthalimide derivatives have 
alson been wildly used as dyes, pigments, optical brighteners, fluorescent markers in 
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biology, anticancer agents in medicine [33] and materials for organic electronics such 
as light-emitting devices (OLED) [34].  In addition, a number of naphthalimide 
derivatives have been used as fluorescent chemosensors [26, 35, 36].  

 
Figure 1.9 Examples of chemosensors derived from 1,8-naphthalimides. 
1.4 Chemical sensor for the detection of melamine  

In 2014 Li et al. [37] reviewed and summarized the chemical sensors and 
biosensors for melamine detection developed in the recent 5 years. (Figure 1.10). 

 
Figure 1.10 Novel recognition and transducer components used for fabrication of 
sensor for melamine detection sensor. 

A favorite method for melamine detection is by fluorescence sensors, which are 
well known on method of their simplicity, high sensitivity, and easy operation. But 
different fluorescent material as probes for melamine determination including 
organic dyes, quantum dots [38-40], metal nanoclusters [41] etc.  

 N1 N2 N3 
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In 2010 Zhou et al. [42] developed a novel sensitive cucurbit uril (CB7) sensor [7] 

of melamine with detection limit of 0.20 g mL-1. Fluorescence studies indicate that 
CB7 forms complex with melamine in a 1:1 mole ratio. The binding constant at 
various temperatures has been calculated and discussed. CB7 has internal cavity 
which provides a hydrophobic environment suitable for the complexation with 
melamine. The H bonding and van der Waals force between melamine and CB7 
which promote the formation of melamine-CB7 complex (Figure 1.11)  

 

 
 
Figure 1.11 a) structure of CB7; Molecular modeling of the CB7-melamine complex. 
b) conformation of melamine; c) top-view of CB7-melamine complex; b) side-view 
of CB7-melamine complex. 

In 2010 Zhao et al. [43] have reported and detected melamine by molecularly 
imprinted fluorescence sensors. The sensor was operated on recognition of imprinted 
sites to guest and have been studied the resultant changes of fluorescence emission 
when presented of melamine. They have designed and synthesized three fluorescent 
monomer template, 2-acrylamidoquinoline (2-AAQ), 3-acrylamidoquinoline (3-AAQ) 
and 8-acrylamidoquinoline (8-AAQ) (Figure 1.12). 

 

 
Figure 1.12 Structure formula of florescent functional monomer  

 

(b) c) b) (a) 
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The compounds have a core–shell molecular imprinting polymer as a fluorescent 
chemosensor which was prepared by use of a hydrogen bond-induced enhancement 
mechanism for the sensing of a non-fluorescent melamine.  

The molecule 2-AAQ can free rotation around the C-N bond. In the present of 
melamine can be restrict intramolecular rotation of 2-AAQ through the formation of 
tridentate hydrogen bond resulted in the fluorescence enhancement (Figure 1.13) 

 
Figure 1.13 Mechanical representation of fluorescence enhancement. 
 

In addition, the detection of melamine using gold nanoparticles (AuNPs) [44-46] 
or silver nanoparticle (AgNP) [47] via inner filter effect (IFE) principle [48] by 
fluorescence technique was admired.   

In 2011 Guo et al. [49] have reported the detection of melamine based on 
the high fluorescence quenching ability of gold nanoparticles. The fluorescence was 
significantly quenched via fluorescence resonance energy transfer (FRET) (Figure 1.14 
(left)) also the contribution of inner filler effect (IFE). The fluorescein molecules were 
attached to the surface of gold nanoparticles by electrostatic interaction. In the 
presence to melamine, less fluorescein could be adsorbed on the surface of gold 
nanoparticles due to the competitive adsorption of AuNPs between melamine and 
fluorescein, resulting the fluorescence enhanced (Figure 1.14 (right)).  
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Figure 1.14 (left) excitation spectrum (a) and emission spectrum (b) of fluorescein 
and absorption spectrum of AuNPs; (right) Mechanism for the detection of melamine 
based on FRET. 
 

In 2012 Sanji et al. [50] designed and synthetized molecule 1 as “turn-on” 
fluorescence which is AIE-active tetraphenylethene (TPE) with cyanuric acid moieties 
for the fluorescence sensing of melamine (Figure 1.15 a)). The molecule 1 is seen to 
display an intense emission because melamine/cyanuric acid are combine together 
to form a stable adduct through hydrogen-bonding interactions [51] (Figure 1.15 b)). 
Therefore, when it recognizes melamine and then forms aggregates. It was examined 
by fluorescence spectral changed upon addition of melamine and  the naked eye 
can see less to blue color shown in (Figure 1.15 c)) in acetonitrile solution. This 
behavior can demonstrate base on AIE-active molecules show, first reported by Tang 
and co-worker[52] less emission in solution, but an intense emission when aggregated 
or in the solid state because of restriction of intramolecular rotations. From graph in 

the figure 1.15 concentration of melamine can detect 5 M (0.6 ppm). The emission 
started to appear within a few hours and the intensity increased as a function of 
melamine concentration. 

 
 

 

c) a) b) c) 
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Figure 1.15 a) Structure of 1; b) Melamine-cyanuric acid adduct formed through 
multivalent hydrogen bonding; c) Concentration of melamine detected by the 
molecule 1. 
 
1.5 Objective of the this research  

From the literature review, there has been a little research on melamine 
detection by fluorescence technique, especially in aqueous media. Therefore, we are 
interested in the development of a new melamine sensor from 1,8-naphthalimide 
fluorophore and cyanuric acid receptor (F1-F5). The selectivity and sensitivity of 
these sensors towards melamine were studied, along with the investigation of 
sensing mechanism. 

 



CHAPTER II 
EXPERIMENTAL 

2.1 Chemical and Materials 

1,8-naphthalic anhydride, 4-bromo 1,8-naphthalic  anhydride, 4-phenyl 1,8-
naphthalimide, ethanolamine, 2-methoxyethylamine, ethylene glycol, 
methanesulfonyl chloride, n-buthylamine, cyanuric acid, phosphorus  tribromide, 
trimethylamine, 1,8-diazabicyclo[5.4.0]undec-7-ene, potassium hydroxide, magnesium 
sulphate were commercially available chemicals purchased from Sigma-Aldrich. 
Solvents such as ethanol and 1,4-dioxane were reagent grade stored over molecular 
sieve. In anhydrous reactions, solvents such as dichloromethane N,N-
dimethylformamide, dimethyl sulfoxide, were dried and distilled before use 
according to the standard procedure. All column chromatography was operated 
using Merck silica gel 60 (70-230 mesh). Thin layer chromatography was performed 
on silica gel plate (Merch F245). Organic solvents used for extraction and 
chromatography such as dichrolomethane, n-hexane, ethyl acetate, methanol were 
commercial grade and distilled prior to use. The most reactions were carried out 
under positive pressure of N2 filled in rubber ballons.  

2.2 Analytical Instruments 

The 1H NMR was measured by using 400 MHz 1H NMR spectrophotometer (Varian, 
USA). The 13C NMR was measured by using 100 MHz Bruker Mercury NMR 
spectrophotometer (Bruker, Germany), which reported a chemical shifts as ppm in 
CDCl3 and DMSO-d6. A UV-2550 UV visible spectrophotometer (SHIMADZU,Japan) was 
used for the absorption studies. Emission spectra were acquired on a Carry Eclipse 
Fluorescence Spectrophotometer (Agilent Technologies).  
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2.3 Synthesis and Characterizations  

2.3.1 Synthesis of 1a 

 
According to literature review [53] 1,8-naphthalic anhydride (2.0 g, 10 mmol) and 

3 mL ethanolamine were added into a round bottom flask, the mixture was heated 
at 170 ºC for 2 h under reflux conditions. After the reaction was completed it was 
left to cool down to room temperature. The mixture was poured into 100 mL of 
cool water to obtain the solid precipitate. The precipitate will be collected by 
vacuum filtration, washed with cool water, and dried. After vacuum drying, 
compound 1a was obtained as brown solid in 91% yield; 1H NMR (400 MHz, CDCl3) δ 

(ppm): 8.64 (d, J = 7.3 Hz, 2H), 8.26 (d, J = 8.3 Hz, 2H), 7.79 (t, J = 7.8 Hz, 2H), 4.54 (m, 
2H), 4.02 (t, J = 5.3 Hz, 2H). This data was in good agreement with the literature 
report. 

2.3.2 Synthesis of 2a 

 
 Compound 1a (0.15 g, 0.62 mmol) was dissolved in 20 mL of 

dichloromethane and then phosphorus tribromide (0.5 eq) was added drop wise. The 
reaction was stirred in an ice bath for 15 min. After the reaction was completed, it 
was diluted with water and extracted with CH2Cl2. The combined organic phase was 
dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. The 
crude product was purified by column chromatography using CH2Cl2: Hexane (50:50) 
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as the eluent to obtain compound 2a as white solid in 35% yield. 1H NMR (400 MHz, 
CDCl3) δ (ppm): 8.62 (dd, J = 7.3 and 1.0 Hz, 2H), 8.23 (dd, J = 8.3 and 0.9 Hz, 2H), 
7.77 (dd, J = 8.1 and 7.4 Hz, 2H), 4.61 (dd, J = 9.2 and 5.1 Hz, 2H), 3.67 (t, J = 7.2 Hz, 
2H). 13C NMR (100 MHz, CDCl3) δ 163.9, 134.2, 131.6, 131.4, 128.3, 126.9, 122.3, 40,9, 
27.6. 

2.3.3 Synthesis of F1  

 
Cyanuric acid (0.35 g, 2.7 mmol) and 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU, 

0.08 ml, 0.5 mmol) were dissolved in DMF (4 mL) at room temperature. The mixture 
was stirred at 100 ºC. Then the compound 2a (80 mg, 0.27 mmol) was added into 
the reaction and stirred for 4 h. The mixture was poured into water and extracted 
with EtOAc. The combined organic phase was dried over anhydrous MgSO4, filtered, 
and concentrated under reduced pressure. The crude substance was dissolved in 
DMSO and poured into 100 mL of cool water. The white solid was collected by 
vacuum filtration and dried overnight at room temperature in a vacuum oven to 
obtain F1 as white solid in 45% yield. 1H NMR (400 MHz, DMSO-d6) δ (ppm): 11.35 (s, 
2NH), 8.49 (d, J = 7.2 Hz, 2H), 8.45 (d, J = 8.3 Hz, 2H), 7.86 (t, J = 7.8 Hz, 2H), 4.31 (br, 
2H), 4.06 (br, 2H). 13C NMR (100 MHz, DMSO-d6) δ (ppm): 163.9, 150.0, 148.4, 134.4, 
131.3, 130.8, 127.5, 127.2, 121.8, 39.1, 38.0. Elemental analysis : Calculated for 
C17H12N4O5 (MW.352.30) C 57.96, H 3.4, N 15.90%; Found C 58.22, H 3.22, N 15.52%.  
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2.3.4 Synthesis of 1b 

 
4-bromo-1,8-naphthalic anhydride (5.01 g, 18.11 mmol) in 1,4 dioxane (25 mL) 

and 3 mL ethanolamine were added into a round bottom flask, the mixture was 
heated at 105 ºC under  reflux conditions for 6 h. After cooling it down to room 
temperature, the mixture was poured into 100 mL of cool water. The solid 
precipitate was filtered by vacuum filtration, washed with cool water, and dried 
overnight at room temperature in a vacuum oven to give 1b as yellow solid in 
95%yield. 1H NMR (400 MHz, CDCl3) δ (ppm): 8.67 (d, J = 7.3 Hz, 1H), 8.59 (d, J = 8.5 
Hz, 1H), 8.43 (d, J = 7.8 Hz, 1H), 8.05 (d, J = 7.8 Hz, 1H), 7.89 (m, 1H), 4.45 (t, J = 5.3 
Hz, 2H), 3.99 (t, J = 5.3 Hz, 2H) This data was in good agreement with the literature 
report [54].  
 

2.3.5 Synthesis of 2b 

 

 
 Compound 1b (1.01g, 3.16 mmol) was added into 30 mL of KOH (0.17g, 3.1 

mmol) in EtOH and reflux for 4 h. Pour the mixture into 50 mL of water and filtrate 
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to collect the precipitant. The precipitant was washed with 30 mL of cool water and 
dried overnight at room temperature to afford 2b as dark yellow solid in 73%yield. 
1H NMR (400 MHz, CDCl3) δ (ppm) : 8.61 (d, J = 7.9 Hz, 2H), 8.55 (d, J = 8.3 Hz, 1H), 
7.71 (t, J = 7.8 Hz, 1H), 7.03 (d, J = 8.3 Hz, 1H), 4.48 (m, 2H), 4.36 (q, J = 7.0 Hz, 2H), 
4.00 (m, 2H), 1.62 (t, J = 7.0 Hz, 3H). 

2.3.6 Synthesis of 3b 

 
Compound 2b (0.1 g, 0.36 mmol) was dissolved in 30 ml dichloromethane and 

then phosphorus tribromide (0.5 eq) was added drop wise. The mixture was stirred in 
an ice bath for 15 min. After the reaction was completed, the mixture was diluted 
with water and extracted with CH2Cl2. The combined organic phase was dried over 
anhydrous MgSO4, filtered, and concentrated under reduced pressure. The crude 
product was purified by column chromatography using EtOAc : Hexane (50:50) as the 
eluent to give 3b as pale yellow solid in 42% yield. 1H NMR (400 MHz, CDCl3) δ 
(ppm): 8.60 (d, J = 7.7 Hz, 2H), 8.54 (d, J = 8.3 Hz, 1H), 7.70 (t, J = 7.8 Hz, 1H), 7.02 (d, 
J = 8.4 Hz, 1H), 4.58 (t, J = 7.2 Hz, 2H), 4.33 (q, J = 6.8 Hz, 2H), 3.64 (t, J = 7.2 Hz, 2H), 
1.60 (t, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 164.3, 163.5, 160.5, 133.8, 131.7, 
129.6, 129.0, 125.8, 123.6, 121.9, 114.4, 105.8, 64.5, 40.9, 27.5, 14.2. 
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2.3.7 Synthesis of F2 

 
 Cyanuric acid (0.33 g, 2.6 mmol) and 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) 

(0.08 ml, 0.5 mmol) in DMF (4 mL) was mixed at room temperature and stirred at 100 
ºC. The solid compound 3b (90 mg, 0.26 mmol) was added in the reaction. The 
reaction took place for 4h. After the reaction was completed, it was diluted with 
water and extracted with EtOAc. The combined organic phase was dried over 
anhydrous MgSO4, filtered, and concentrated under reduced pressure. The crude 
substance was dissolved with DMSO and poured into 100 mL of cool water; the 
white solid was collected by vacuum filtration and then dried overnight at room 
temperature in a vacuum oven to provide F2 as pale yellow solid in 68% yield. 1H 
NMR (400 MHz, DMSO-d6) δ (ppm): 11.37 (s, 2NH), 8.55 (d, J = 8.3 Hz, 1H), 8.50 (d, J = 
7.2 Hz, 1H), 8.44 (d, J = 8.3 Hz, 1H), 7.82 (t, J = 7.8 Hz, 1H), 7.31 (d, J = 8.4 Hz, 1H), 
4.43 (m, 2H), 4.30 (br, 2H), 4.05 (br, 2H), 1.51 (t, J = 6.9 Hz, 3H). 13C NMR (100 MHz, 
DMSO-d6) δ (ppm): 164.1, 163.4, 159.7, 149.9, 148.4, 133.4, 131.1, 128.8, 128.5, 126.3, 
122.9, 121.7, 113.8, 106.9, 64.8, 37.8, 14.3. Elemental analysis : Calculated for 
C19H16N4O6 (MW. 396.35) C 57.58, H 4.07, N 14.14%; Found C 58.01, H 3.66, N 13.80%.   
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2.3.8 Synthesis of 1c  

 
4-Bromo-1,8-naphthalic anhydride ( 2 g, 7.3 mmol) and ethanol 20 mL were 

added into a round bottom flask and then drop wise  2-methoxyethylamine about 3 
ml The mixture was heated at 85 ºC under the reflux conditions for 2 h. After the 
reaction was completed, it was left to cool down to room temperature. The mixture 
was poured into 100 ml of cool water and the solid precipitate was filtered by 
vacuum filtration, and washed with cool water. After vacuum drying, compound 1c 
was obtained as pale brown solid in 99 % yield. 1H NMR (400 MHz, CDCl3) δ (ppm):  
8.62 (d, 1H), 8.52 (d, 1H), 8.37 (d, 1H), 7.99 (d, 1H), 7.81 (t, 1H), 4.40 (t, 2H), 3.68 (t, 2H), 
3.34 (s, 3H). This data was in good agreement with the literature report. [55]. 

2.3.9 Synthesis of 2c  

 
Compound 1c (0.5 g, 1.5mmol) was added into 5 mL of DMF with NaH (0.1g, 1.5 

mmol) and reflux for 2 h. After the reaction was completed, it was diluted with water 
and extracted with EtOAc. The combined organic phase was dried over anhydrous 
Na2SO4, The crude product was purified by column chromatography using EtOAc : 
Hexane (80:20) compound 2c was obtained as yellow solid in 96 %yield. 1H NMR 
(400 MHz, CDCl3) δ (ppm) : 8.61 (d, J = 7.9 Hz, 2H), 8.55 (d, J = 8.3 Hz, 1H), 7.71 (t, J = 
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7.8 Hz, 1H), 7.03 (d, J = 8.3 Hz, 1H), 4.48 (m, 2H), 4.36 (q, J = 7.0 Hz, 2H), 4.00 (m, 2H), 
1.62 (t, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 164.5, 163.9, 159.7, 133.4, 131.6, 
129.3, 128.4, 125.9, 123.3, 122.2, 115.1, 105.9, 70.4, 69.7, 61.2, 58.7, 39.1. 

2.3.10 Synthesis of 3c  

 
  The compound 2c (0.2 g, 0.63 mmol) was dissolved in 15 mL 

dichloromethane and then triethylamine (TEA) in(0.4 ml, 0.32 mmol) and 
methanesulfonylchloride (MsCl) (0.3 ml, 0.36 mmol) were added drop wise. The 
reaction was stirred in an ice bath for 45 min. When the reaction was completed, it 
was diluted with water and extracted with CH2Cl2. The combined organic phase was 
dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. The 
crude product was purified by column chromatography using 100% in EtOAc as the 
eluent to give 3c as pale yellow solid in 92 %yield. 1H NMR (400 MHz, CDCl3) δ 8.55 
(m, 2H), 8.47 (d, J = 8.2 Hz, 1H), 7.69 (t, J = 7.8 Hz, 1H), 6.99 (d, J = 8.3 Hz, 1H), 4.75 
(m, 2H), 4.53 (m, 2H), 4.40 (t, J = 5.9 Hz, 2H), 3.71 (t, J = 5.9 Hz, 2H), 3.37 (s, 3H), 3.12 
(s, 3H). 13C NMR (100 Hz, CDCl3) δ 164.4, 163.8, 158.8, 133.1, 131.9, 129.4, 128.5, 126.3, 
123.3, 122.4, 115.8, 105.9, 69.7, 66.8, 66.6, 58.7, 39.1, 37.9.  

2.3.11 Synthesis of F3  
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Cyanuric acid (0.32 g, 2.5 mmol) and 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) 
(0.1 ml, 0.5 mmol) in DMF (5 mL) at room temperature. The mixture was stirred at 
100 ºC. The solid compound 3c (0.1 g, 0.25 mmol) was added in the reaction and 
reflux for 4 h After the reaction was completed, it was diluted with water and 
extracted with EtOAc. The combined organic phase was dried over anhydrous MgSO4, 
filtered, and concentrated under reduced pressure. The crude product was purified 
by column chromatography using CH2Cl2: MeOH (96:4) as the eluent to afford F3 as 
pale yellow solid in 89% yield. 1H NMR (400 MHz, DMSO-d6) δ 8.54 – 8.47 (m, 2H), 
8.44 (d, J = 8.1 Hz, 1H), 7.80 (t, J = 7.9 Hz, 1H), 7.31 (d, J = 8.4 Hz, 1H), 4.48 (s, 2H), 
4.24 (d, J = 6.3 Hz, 4H), 3.57 (t, J = 6.1 Hz, 2H), 3.25 (s, 3H). 13C NMR (100 MHz, DMSO) 
δ 163.5, 162.9, 159.5, 149.9, 148.6, 133.3, 131.1, 128.6, 128.55, 126.3, 122.9, 121.8, 
114.3, 106.8, 68.7, 66.2, 58.1, 38.4. Elemental analysis : Calculated for C20H18N4O7: C 
56.34, H 4.26, N 13.14% Found C 56.93, H 4.52, N 11.98%.  

2.3.12 Synthesis of 1d  

 
Added 4-bromo 1,8 naphthalic anhydride (1 g, 3.7 mmol) in ethanol 20 ml and 

dropwise N-buthylamine (0.7ml, 7.5 mmol. The mixture was reflux for overnight. 
When the reaction complete, it was recrystallized by cool ethanol to obtain 1d as 
brown bound in 94 %yield. 1H NMR (400 MHz, CDCl3) δ 8.63 (d, J = 7.3 Hz, 1H), 8.53 
(d, J = 8.5 Hz, 1H), 8.39 (d, J = 7.9 Hz, 1H), 8.01 (d, J = 7.9 Hz, 1H), 7.82 (m, 1H), 4.14 
(m, 2H), 1.69 (dd, J = 15.3, 7.9 Hz, 2H), 1.43 (m, 2H), 0.95 (t, J = 7.3 Hz, 3H). This data 
was in good agreement with the literature report [56]. 
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2.3.13 Synthesis of 2d 

 
  The compound 2d was synthesized follow using the procedure described for 

2c. After a purification by column chromatography using CH2Cl2 : EtOAc (90:10) as the  
eluent, compound 2d was obtained  as yellow solid in 94 %yield. 1H NMR (400 MHz, 
CDCl3) δ 8.50 (m, 2H), 8.45 (d, J = 8.3 Hz, 1H), 7.62 (t, J = 7.8 Hz, 1H), 7.00 (d, J = 8.3 
Hz, 1H), 4.39 (m, 2H), 4.18 (dd, J = 7.8 and 3.5 Hz, 2H), 4.14 (m, 2H), 1.70 (m, 2H), 1.43 
(dt, J = 14.8 and 7.4 Hz, 2H), 0.97 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 
164.3, 163.6, 159.7, 133.1, 131.5, 129.3, 128.3, 125.8, 123.4, 122.4, 115.3, 105.9, 70.3, 
61.2, 40.0, 29.9 20.1, 13.8. 

2.3.14 Synthesis of 3d 

 
The compound 3d was synthesized follow using the procedure described for 3c. 

After a purification by column chromatography using CH2Cl2 : EtOAc (90:10) as the  
eluent, compound 3d was obtained as yellow solid in 93 %yield. 1H NMR (400 MHz, 
CDCl3) δ 8.57 (m, 2H), 8.49 (d, J = 8.2 Hz, 1H), 7.71 (t, J = 7.8 Hz, 1H), 6.99 (d, J = 8.3 
Hz, 1H), 4.76 (m, 2H), 4.53 (m, 2H), 4.15 (m, 2H), 3.12 (s, 3H), 1.68 (m, 2H), 1.43 (dt, J = 
14.8 and 7.4 Hz, 2H), 0.97 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 164.3, 163.7, 
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158.8, 132.8, 131.7, 129.4, 128.4, 126.3, 123.3, 122.9, 115.9, 105.8, 66.8, 66.7, 40.1, 
37.9, 30.3, 20.4, 13.9. 

2.3.15 Synthesis of F4 

 
The compound F4 was synthesized follow the procedure described for F3. After 

a purification by column chromatography using CH2Cl2 : MeOH (96:4) as the  eluent 
to provide F4, a pale yellow solid was obtained in 85 %yield 1H NMR (400 MHz, 
DMSO) δ 11.52 (s, 2NH), 8.47 (t, J = 6.8 Hz, 2H), 8.40 (d, J = 8.3 Hz, 1H), 7.77 (t, J = 7.8 
Hz, 1H), 7.28 (d, J = 8.4 Hz, 1H), 4.48 (t, J = 5.0 Hz, 2H), 4.25 (t, J = 4.8 Hz, 2H), 4.01 (t, 
J = 7.3 Hz, 2H), 1.59 (dt, J = 15.0 and 7.5 Hz, 2H), 1.34 (dq, J = 14.6 and 7.4 Hz, 2H), 
0.92 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, DMSO-d6) δ 163.5, 162.9, 159.3, 150.1, 
148.7, 133.1, 130.9, 128.5, 128.4, 126.2, 122.9, 121.8, 114.3, 106.7, 66.2, 39.2, 29.7, 

19.7, 13.6. HRMS m/z Calcd for C21H20N4NaO6 M+Na+: 447.1281 Found: 447.1299. 

2.3.16 Synthesis of 1e 

 
The compound 1e was synthesized follow the procedure described for 2d. After 

a purification by column chromatography using CH2Cl2 : EtOAc (90:10) as the  eluent 
to provide 1e, a yellow solid was obtained in 92 %yield 1H NMR (400 MHz, CDCl3) δ 
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8.69 – 8.61 (m, 2H), 8.58 (d, J = 8.3 Hz, 1H), 7.74 (t, J = 7.8 Hz, 1H), 7.55 (t, J = 7.5 Hz, 
2H), 7.47 (t, J = 7.4 Hz, 1H), 7.32 (d, J = 7.4 Hz, 2H), 7.09 (d, J = 8.3 Hz, 1H), 4.46 – 4.41 
(m, 2H), 4.21 – 4.16 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 164.8, 164.2, 160.2, 135.8, 
133.9, 132.2, 130.0, 129.5, 128.9, 128.7, 128.7, 126.3, 123.8, 122.8, 115.7, 106.4, 70.6, 
61.4. 

2.3.17 Synthesis of 2e 

 
The compound 2e was synthesized follow the procedure described for 3d. After 

a purification by column chromatography using CH2Cl2 : EtOAc (90:10) as the  eluent 
to provide 2e, a yellow solid was obtained in 91 %yield 1H NMR (400 MHz, CDCl3) δ 
8.68 (d, J = 8.4 Hz, 2H), 8.61 (d, J = 8.4 Hz, 1H), 7.79 (t, J = 7.8 Hz, 1H), 7.55 (d, J = 7.0 
Hz, 2H), 7.49 (d, J = 6.6 Hz, 1H), 7.32 (d, J = 7.1 Hz, 2H), 7.08 (d, J = 7.9 Hz, 1H), 4.79 
(s, 2H), 4.59 (s, 2H), 3.14 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 133.6, 132.4, 129.5, 129.0, 
128.9, 128.8, 126.7, 106.2, 66.9, 66.8, 38.2. 

2.3.18 Synthesis of F5 
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The compound F5 was synthesized follow the procedure described for F3 After a 
purification by column chromatography using CH2Cl2 : MeOH (96:4) as the  eluent to 
provide F5, a pale yellow solid was obtained in 83 %yield 1H NMR (400 MHz, DMSO) 
δ 11.55 (s, 2NH), 8.56 (d, J = 8.2 Hz, 1H), 8.50 (d, J = 7.2 Hz, 1H), 8.45 (d, J = 8.2 Hz, 
1H), 7.83 (t, J = 7.8 Hz, 1H), 7.52 (t, J = 7.4 Hz, 2H), 7.45 (t, J = 7.2 Hz, 1H), 7.39 – 7.31 
(m, 3H), 4.51 (d, J = 4.9 Hz, 2H), 4.28 (d, J = 4.8 Hz, 2H). 13C NMR (100 MHz, DMSO-d6) 

δ 163.8, 163.1, 159.4, 150.0, 148.6, 136.1, 133.2, 131.1, 129.1, 128.7, 128.6, 127.9, 

126.3, 123.1, 122.4, 114.8, 106.7, 66.2. HRMS m/z Calcd for C23H16N4NaO6 M+Na+: 
467.0968 Found: 467.0985. 

 
2.4 Photophysical properties 

 The stock solutions of F1 and F2 (1mM) were prepared by dissolving in 10 mL 
acetonitrile (CH3CN) 10 ml. The 10 mM stock solution of F3, F4 and F5 were 
prepared by dissolving in dimethyl sulfoxide (DMSO).  

2.4.1 UV-Visible spectroscopy 

The stock solutions of fluorophores were dilute to 100 M. The UV-Visible 
absorption spectra of the stock solution of fluorophore were recorded in the range 
of 250-600 nm at room temperature. 

2.4.1.1 Molar extinction coefficient (ε) 

The molar extinction coefficient (ε) of F1 to F5 were calculated from the UV-
Visible absorption spectra at various concentrations. The maximum intensity of all 
samples had better not be more than value of 1. The absorption intensity of 
maximum wavelengths (A) of each compound was plotted versus the concentrations 

(C) at the respective excitation wavelengths. The molar extinction coefficient (ε) 
represented into the following equation:  
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2.4.2 Fluorescence spectroscopy 

The stock solutions of fluorophore F1 and F2 were dilute to 100 M. The 
emission spectra of fluorophores were recorded in the range of 350-650 nm at room 
temperature. An excitation wavelength was observed at 334 nm (F1), 366 nm (F2), 
367 nm (F3, F4), 365 nm and (F5). 

2.4.2.1 Fluorescence quantum yield  

The fluorescence quantum yield of F1 and F2 were performed in CH3CN and F3 

to F5 were performed in DMSO. The 2-aminopyridine ( = 0.60) in 0.1 M H2SO4 was 

used as the reference for F1 and quinine sulphate ( = 0.54) in 0.1 M H2SO4were 
used as the references for F2 to F5. The UV-visible absorption spectra of 
fluorophores should not exceed 0.1.The fluorescent emission spectra of the same 
concentration using appropriate excitation wavelengths selected were recorded 

based on the absorption maximum wavelength (max) of each compound. The 
integrated fluorescent intensities were plotted versus the absorbance at the 
respective excitation wavelengths. Each plot should be linear relation and were 
shown y-interception and gradient m. In addition, the fluorescent quantum yield 

(F) was obtained from graph of integrated fluorescence intensity versus 
absorbance represented into the following equation: 

 
  

The subscripts ΦST is the fluorescence quantum yield of a standard reference 

which are 2-Aminopyridine (Φ = 0.60), quinine sulfate (Φ=0.54) and ΦX is the 

fluorescence quantum yield of sample and η is the refractive index of solvent. 
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2.5 Fluorescence sensor study  

2.5.1 Melamine sensors 

The concentrations of F1 and F2 were adjusted to 0.1 mM in CH3CN and F3, F4 
and F5 were adjusted to 0.5 mM, 0.1 mM, 0.01 mM in DMSO, respectively. Stock 
solutions of melamine, thymine, urasil, ammelide, ammeline, and cytosine were 
prepared in water at concentrations of 10 mM.  

 
 

2.5.2 Interference behaviors from relative structure of melamine 

Under the same measurement conditions, competitive signaling behavior of F3 to 
F5 toward melamine in the presence of coexistence relative structure as background 
was studied. The concentration of fluorophore, melamine and relative structure is 
1:1:10 equivalent in DMSO: H2O ((1:9), v/v). 

2.5.3 Effect of water content  

Under the same measurement conditions by varied water content between  

10% - 90% water in DMSO, the UV-Visible absorption spectra were recorded from 250 
nm to 600 nm at room temperature and the emission spectra of fluorophores were 
recorded from 350 nm to 650 nm at room temperature using an excitation 
wavelength at 366 nm (F3, F4) and 365 nm (F5). 

2.5.4 Time-dependent effect 

The emission intensity of F3, F4 and F5 has concentrations were 0.5 mM, 0.1 
mM, 0.01 mM, respectively. In condition, DMSO: H2O (1:9) and melamine 1 mM was 
continuously monitored for a period of 60 minutes. 
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2.5.5 Surfactant study 

The stock solution of F5 was diluted in 0.01 mM. The fluorophore was excitated 
at 365 nm. The photophysical properties were studies in three types of surfactant; 
anion (SDC and SDBS), cation (DTAB and TTAB), non-ionic (Tween-20 and Triton X-
100). The stock solutions of surfactants of 1mM were prepared in Milli-Q water. All of 

surfactant stock solutions were diluted in 50 M. The final volumes of the mixture 

were adjusted to 1000 L. 

2.5.6 pH effect  

The emission intensity of F3, F4 and F5 have concentrations were 0.5 mM, 0.1 
mM, 0.01 mM in DMSO, respectively. The pH effect on fluorescence signaling of F3 to 
F5 was investigated by measuring of emission spectra in the series of buffer between 
pH 5.0-8.0. The pH of the solution was fixed by using HEPES buffer (pH 5.0-7.0), 
phosphate (pH 8.0) and each buffer solution were 10 mM of concentrate.  The buffer 
solutions were used diluent. 

2.5.7 Limit of detection  

The limit of detection of fluorophore was estimate by plotting of fluorescence 
change of fluorophore (F4 and F5) in the presence of melamine by very 
concentrations in DMSO: H2O (1:9). Also, the minimum concentration of melamine 
that gives the fluorescence intensity was determined with a signal-to-background 
ratio of three. 



 

 

CHAPTER III 
RESULTS AND DISSCUSSION 

3.1 Synthesis and characterization 

 
 Scheme 3.1 Synthesis of F1 and F2. 

The synthesis of F1 and F2 began by a known synthesis with a condensation 
reaction gave 1a and 1b in excellent yield. Only the 1b synthesis via a nucleophilic 
aromatic substitution of the bromine by ethoxy in refluxing ethanol provided 2b. The 
substitution reaction with PBr3 in CH2Cl2 obtained 2a and 3b, respectively. Finally the 
nucleophilic substitution reaction of bromide in 2a and 3b by cyanuric acid in the 
presence of DBU and reflux in DMF afforded F1 as white solid in 45 % yield while, 
the F2 as yellow solid in 68 % yield (Scheme 3.1). Both of the molecule F1 and F2 
was characterized by 1H NMR spectroscopy in DMSO-d6 (Figure 3.1) the amide 
proton of cyanuric acid appeared as singlet at 11.4 ppm indicating the reaction 
complete which was confirmed by elemental analysis. Meanwhile, the appearance 
the signal of proton at h and i ( Hh = 4.48 ppm, Hi = 1.62 ppm) in spectrum of F2 is 
part of ethoxy moiety (Figure 3.2).  The 13C-NMR and elemental analysis of target 
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compound F1 and F2 and 1H NMR and 13C-NMR spectroscopy of 1a, 2a, 1b, 2b and 
3b are shown in appendix.  

 
 
Figure 3.1 1H NMR spectroscopy (400 MHz, DMSO-d6) of F1.  

 
 

Figure 3.2 1H NMR spectroscopy (400 MHz, DMSO-d6) of F2. 
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Scheme 3.2 Synthesis of F3, F4 and F5.  

The fluorophore F3 and F4 was started a known synthesis a condensation 
reaction of 1,8 naphthalic anhydride with 2-methoxyethylamine and n-buthylamine, 
respectively, gave 1c and 1b in excellent yield. Meanwhile, a nucleophilic aromatic 
substitution of the bromine in 4-bromo 1,8-naphthalimide derivatives by ethylene 
glycol in refluxing DMF provided 2c, 2d and 1e in excellent yield. Then mesylate 
reaction by methanesulfonyl chloride and NEt3 in CH2Cl2 obtained 3c, 3d and 2e in 
excellent yield. Finally, the nucleophilic substitution reaction with cyanuric acid in 
the presence of DBU and reflux in DMF afforded F3, F4 as pale yellow solid while, F5 
as yellow solid in excellent yield of 85, 87, 83 % yield, respectively (scheme 3.2). All 
the target molecule was characterized by 1H NMR spectroscopy in DMSO-d6 the 
amide proton of cyanuric acid appeared as singlet at 11.5 ppm indicating the reaction 
complete which was confirmed by elemental analysis or high mass resolution 
spectrometry (HRMS). In addition, 1H NMR spectrum of the molecule F3 are shown in 
Figure 3.3 appeared proton signals of 2-methoxyethylamine corresponding at 4.40 
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(2H), 3.68 (2H), 3.34 (3H) ppm. For the molecule F4 showed proton signals of n-
buthylamine at 4.01 (2H), 1.59 (2H), 1.34 (2H), 0.92 (3H) ppm (Figure 3.4). Meanwhile, 
the 1H NMR spectrum of F5 shown in Figure 3.5 appeared the proton signal of 
phenyl around 7.3 - 7.5 ppm. The 13C-NMR and elemental analysis or high mass 
resolution spectrometry of target compound F3, F4 and F5 are shown in appendix. 

 

 
Figure 3.3 1H NMR spectroscopy (400 MHz, DMSO-d6) of F3. 
 

 
Figure 3.4 1H NMR spectroscopy (400 MHz, DMSO-d6) of F4. 
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Figure 3.5 1H NMR spectroscopy (400 MHz, DMSO-d6) of F5. 
 
3.2 Photophysical properties of F1 to F5  

The absorption and emission properties of F1 to F5 in their good solvents were 
investigated and summarized in table 3.1. The normalized absorption and emission 
spectra are shown in Figure 3.6 and 3.7. 

Table 3.1 Photophysical properties of F1 to F5 

Compound Solvent 
Absorption Emission 

max (nm)  (M-1 cm-1) max (nm) F 
F1 CH3CN 332 5243 378 0.06a 

F2 CH3CN 366 11958 435 0.49b 
F3 DMSO 367 4654 448 0.49b 

F4 DMSO 367 4272 450 0.53b 
F5 DMSO 365 4987 450 0.49b 

a2-aminopyridine in 0.1 M H2SO4 (Φ = 0.60) was the reference. 

bquinine sulfate in 0.1 M H2SO4 (= 0.54) was the reference. 
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Figure 3.6 Normalized absorption and emission spectra of F1 and F2 in CH3CN. 
 

The photophysical properties of F1 and F2 in CH3CN were shown (Figure 3.6). 
The F1 exhibited maximum wavelength of absorption at 332 nm and maximum 
wavelength of emission at 378 nm. From the results were shown that the 
substitution in C-4 position of F2 gave a maximum wavelength of absorption at 366 
nm and maximum wavelength of emission at 435 nm. For the quantum yield, F2 
shows a higher value than F1 due to ethoxy (-OCH3) in the C4-position of 
naphthalimide. As a result, the F2 exhibited fluorescence intensity in the blue region 
which is generally characteristic electron transition in the naphthalimide derivatives 
with good electron-donating alkoxy group at C-4 position leads to a narrower HOMO-
LUMO gap. Nevertheless, the absorption and emission of F2 exhibited in the red-shift.  
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Figure 3.7 Normalized absorption and emission spectra of F3 and F5 in DMSO. 
 

The sensor F3 to F5 contain cyanuric acid pendant in C-4 position. Their UV-vis 

absorption spectrum showed a broad absorption band with max around 365-367 nm 

associated with the -* electronic transition of the substituted by a heteroatom at 

the C-4 position. The similar max values of these molecules indicated their 
comparable electronic energy band gap. The emission spectra of sensor F3 to F5 
appeared at lower energy indicating a larger Stokes shifts than comparing with that of 
F1. These results may be the sensor F3 to F5 containing both electron donor (alkoxy 
group) and electron acceptor in the structure causing an ICT process. 

3.3 Screening of F1 to F3 toward melamine 

 
Figure 3.8 Screening of F1 to F3 in organic solvent.  
 

 

F1 
F1+melamine 
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The F1 and F2 are well soluble in CH3CN, while the F3 dissolve in DMSO. The 
responses of these fluorophore toward melamine were investigated by monitoring 
their fluorescent signal changes in the presence of melamine. When F1-F3 are 
dissolved in pure organic solvents, fluorescence signal change was not observed as 
shown in Figure 3.8. However, when dissoved in aqueous-organic mixture, the 
fluorescence signal changes of F3 can be observed upon addition of melamine. On 
the other hand, the fluorescent signals of F1 and F2 were not significanly changed 
(Figure 3.9). 

 
Figure 3.9 Screening of F1 to F3 in aqueous media. 
 

 The effect of water content on fluorescent intensity of F3 was then examined 
using a various ratio of water: DMSO as solvents. Figure 3.10 (left) shows that there is 
a sharp decrease in fluorescent intensity of F3 when the water content reaches 90%. 
This may result from the aggregation of F3 which can be witnessed by the decrease 
of absorbance as shown in Figure 3.10 (right). The sensing mechanism might then 
involve the de-aggregation of F3 by addition of melamine.  

  

 

melamine 
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Figure 3.10 Fluorescent spectra (left) and absorption spectra (right) of fluorophore F3 
(500 μM) in DMSO and various water contents. 
 

 The selectivity of F3 towards melamine was then studied using melamine and 
other compunds with similar structure. Figure 3.11 shows that F3 has good 
selectivity towards malamine with a fair sensitivity (I/I0 = 1.5). 

 
Figure 3.11 Selectivity screening of F3 in aqueous media.  
  

By the assumption that the hydrophobicity of fluorophore can cause aggregation-
caused quenching (ACQ) and melamine can then deaggregate the fluorophore, we 
then design the more hydrophobic compound F4 and F5 to compare with F3. 

 

3.4 Screening of F4 and F5 towards melamine 

   When F4 and F5 were dissolve in aqueous DMSO, it was found that their 
fluorescent signals can be altered by addtion of melamine. The signal of F4 increase 
upon addition of malamine, where as the signal of F5 was quenched (Figure 3.12) 
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Figure 3.12 Screening of F4 and F5 in aqueous media. 
 

 
Figure 3.13 Fluorescent spectra (left) and absorption spectra (right) of F4 (100 μM) in 
DMSO and various water contents. 
 

According to fluorescent signals of the F4 in DMSO of different water contents 
their emissions are weakened when water is added (Figure 3.13 (left)). The increasing 
of water results the solvating power of the 90% water in DMSO to the sensor 
becomes so poor that most of the molecules become aggregated. As a result of the 
aggregate formation, the light emission of F4 is quenched associating with ACQ. 
Moreover, high polarity of solvent can stabilize the excited state leading to red shift 
in the fluorescent and absorption spectra as shown in (Figure  3.13 (right)). As 
expected, the designed molecule F4 with hydrophobic N-butyl chain showed low 

emission (I0  280) in 90% water in DMSO  comparing with F3 (I0  400).  
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Figure 3.14 Fluorescent spectra (left) and absorption spectra (right) of F5 (10 μM) in 
DMSO and various water contents. 

 
On the other hand, the fluorophore F5 exhibited aggregation-induced emission 

(AIE) characteristics. The fluorescent signal of the F5 was enhanced in the increasing 
of water. The fluorescence enhancement because in aqueous media intramolecular 
rotations are restricted by the formation of aggregates that block the nonradiative 
channels and populate the radiative excitons, thereby making the molecule emissive 
in the aggregate state. The appearance of a red-shifted, sharp emission band suggests 
the formation of aggregates (Figure 3.14 (left)). This is in aggregation with observation 
of level-off long wavelength tail in the absorption spectra Figure 3.14 (right).  

 
3.5 selectivity study of F4 and F5 toward melamine  

To investigate the selectivity of F4 and F5 toward melamine, ammeline, 
ammelide, urail, cytosine, and thymine were tested. In Figure 3.15 and 3.16 shown 
the F4 and F5 displayed high selectivity, only melamine caused a significant 
fluorescence enhancement effect. Showed a fluorescence response in the presence 
of melamine No fluorescence signal increases were observed in the presence of 
similar structure.  
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Figure 3.15 Selectivity screening of F4 in aqueous media.  
 

On the other hand, the F5 exhibited high selectivity toward melamine resulting a 
significant fluorescence quenching as shown in the Figure 3.16 

 

 
Figure 3.16 Selectivity screening of F5 in aqueous media. 
  
3.6 Proposed mechanism of F4 toward melamine 

From the result above, the emission of F4 is weakened in 90% water in DMSO 

resulting from - stacking causing the aggregation confirmed by absorption and 
emission spectra as mention in Figure 3.14. The fluorescence intensity enhanced 
after addition of melamine could be due to the de-aggregation through multivalent 
hydrogen-bonding interactions between cyanuric and melamine (Figure 3.17). The 
de-aggregation can be proved by UV-visible spectroscopy. The absorption intensity 
increased when melamine increased (Figure 3.18).  
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Figure 3.17 Proposed behaviors of F4 after addition of melamine. 
 

 
Figure 3.18 Absorption spectra of fluorophore F4 (100 μM) in 90% water in DMSO in 
the various melamine contents. 
 

On the other hand, the aggregation form of F5 in aqueous DMSO exhibited 
the AIE characteristic. Thus, the addition of melamine facilitated the de-aggregation 
of F5 and, therefore, resulting in the florescence quenching is shown in Figure 3.19. 
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Figure 3.19 Proposed behaviors of F4 after addition of melamine. 
 
3.7 Melamine detection optimization  

3.7.1 pH effect study 

To investigate pH effect of F3 to F5 toward the florescence intensity in the 
absence of melamine (Figure 3.18) at high pH value, the fluorescence intensity of F3 
and F4 increased because deprotonation of N-H amide proton result in increasing 
water solubility. However, it can be seen that I/I0 value of F4 in buffer pH 8, pH 9 and 
milli Q water was no significantly different. This might be implied that pH range: pH 
5-9 had no effect on the sensing behavior of F3 to melamine shown in Figure 3.19.  

 

 

Figure 3.20 The fluorescence intensity of F3 (500 M), F4 (100 M) and F5 (10 M) 
in 10% DMSO/ buffer pH 5-9. 
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Figure 3.21 The fluorescence intensity F3 (100 M) upon addition of melamine  
10 equipvalent in 10% DMSO/aqueous solution. 
 
3.7.2 Water content for detection of melamine 

 
Figure 3.22 Fluorescence intensity in the absent of melamine (I0) and in the presence 
of (I). 

To optimization condition for detection of melamine in content of water was 
shown in Figure 3.20, the fluorescence intensity in the absence of melamine (I0) and 
the present of melamine (I). The results indicated the fluorescence intensity of F4 in 
the presence of melamine (I/I0) was reached a maximum point at 90% of water in 
DMSO. Therefore, this mixture of solvents at 90% of water in DMSO was selected for 
further optimization study. 
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3.7.3 Time-dependent study  

 
Figure 3.23  Time dependent change in fluorescence intensity of F3, F4 and F5 upon 
addition of melamine 10 equipvalent in 90% water in DMSO. 
 

The time dependent studies of F3, F4, and F5 in the presence of melamine were 
performed. Upon the addition of 10 equivalents of relative structures of melamine as 
shown in Figure 3.21, the fluorescence intensity was unchanged. This suggested that 
time progress had no effect on the measurements which was beneficial in 
fluorescent sensing because the analyte could be detected immediately. 

 
3.7.4 Surfactant study 

 

Figure 3.24 Surfactant study of fluorescence intensity of F5 (10 M) toward various 

100 M surfactant (left), the fluorescence intensity of F5 in the presence of 

melamine 100 M in SDC, DTAB and Triton X-100 (100 M) (right). 
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Several studies have reported that surfactant compound can enhance 

fluorescent signal that is an advantage for the quenching mode. Therefore, the effect 
of surfactants was investigated due to improve sensing efficiency. The various 
surfactant were used such as anionic (SDC and SDBS), cationic (DTAB and TTAB), non-

ionic (Tween-20 and Triton X-100). In the presence of surfactants 100 M, The initial 
fluorescent intensity of sensor (I0) did not show any change compared with without 
surfactant. Moreover, the surfactant did not effect on quenching efficiency. 

 
3.8 Interferences test 

The results from selectivity test showed that F3, F4 and F5 could respond to 
melamine. The interference test was completed by adding melamine and relative 
structures. The fluorescence response (I/I0) or (I0/I) were shown in Figure 3.23, 3.24, 
and 3.25 in the presence of mixture melamine/relative structures in 1:10 equivalent. 
As a result, it was observed that the relative structures did not interfere to the 
detection of melamine. 

 

 
Figure 3.25 The bar represent the fluorescence enhancement ratio (I/I0) of F3 upon 

addition of melamine in the present of relative structures (ex=366 nm; Medium = 

90% water in DMSO; F3= 0.5 mM; mel= 0.5 mM; relative structures= 5 mM). 
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Figure 3.26 The bar represent the fluorescence enhancement ratio (I/I0) of F4 upon 

addition of melamine in the present of relative structures (ex=366 nm; Medium = 

90% water in DMSO; F4= 0.1 mM; mel= 0.1 mM; relative structures= 1 mM). 
 

 
Figure 3.27 The bar represent the fluorescence enhancement ratio (I/I0) of F5 upon 

addition of melamine in the present of relative structures (ex=365 nm; Medium = 

90% water in DMSO; F5= 0.01 mM; mel= 0.5 mM; relative structures= 5 mM). 
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3.9 Detection limit of F4 and F5 toward melamine 

 
Figure 3.28 The fluorescence spectra (left), the fluorescence intensity change (I/I0) of 

F4= 100 M, versus melamine in condition = 90% water in DMSO. 
 

The fluorescence spectra of sensor F4 in the presence of various concentration 
of melamine are shown in Figure 3.26 (left). It can be observed that the 
fluorescence intensity was increase gradually with increasing the concentration of 
melamine. The figure 3.26 (right) exhibits the good linear relationship between 
fluorescence intensity at 444 nm and concentration of melamine (R2 = 0.9878) 

providing the detection limit of 6.7 M (0.8 ppm) at a signal-to noise. Therefore, the 
fluorophore F4 are able to use for melamine detection in aqueous system. 

 

 
Figure 3.29 The fluorescence spectra (left), the fluorescence intensity change (I/I0) of 

F4= 100 M, versus melamine in condition = 90% water in DMSO. 
 

The fluorescence quenching of sensor F5 contained different concentrations of 
melamine. Where I0 and I are the fluorescent intensity of fluorophore in the absence 
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and presence of melamine, respectively. analyte is the concentration of the 
melamine. A diagram which indicated the relationship between I0/I and the 
concentration of melamine was shown in Figure 3.27 (right) and the quenching 
constant (Ksv) was calculated according to the Stern–Volmer equation: 

I0/I -1 = Ksvanalyte 

The detection limits of F5 as fluorescent sensors for melamine are found to be 

25 M (3.2 ppm). This finding demonstrates the utility of aggregates in the detection 
of melamine. The Stern−Volmer plots of aggregates F5 are linear (Figure 3.27 (right)) 
and give quenching constants (KSV) 3000 M−1. The quenching of fluorescence in 
compound F5 upon the addition of melamine can also be observed by the naked 
eye. 

 
3.10 1H NMR experiment 

In an attempt to monitor the interaction of fluorophore F4 and melamine, a 
series of NMR spectra were recorded at ambient temperature using F4 and melamine 
(1: 10 eq). No significant change could be observed on the spectra, which might be 
due to the fast hydrogen-deuterium exchange when a solution of melamine in D2O 
are added to a solution of F4 in DMSO-d6. 



 

 

CHAPTER IV 
CONCLUSION 

4.1 Conclusion 

In conclusion, five novel fluorescent sensors (F1-F5) were successfully 
synthesized in good yields with an aim to use as sensors for melamine.  The sensors 
compose of 1,8-napthalimide as a fluorophore and cyanuric unit as a selective 
receptor for melamine. The structure of all fluorescent sensors were characterized 
and confirmed by NMR spectroscopy, UV-Vis and fluorescence spectrophotometry, 
elemental analysis and high resolution mass spectrometry. 

The selectivity investigation of melamine indicated that F3, F4, and F5 show 
selective fluorogenic responses towards melamine. The fluorescence sensing 
mechanism involves the fluorophore de-aggregation by multivalent hydrogen-
bonding interactions between melamine and cyanuric moieties. When dissolved in 
aqueous DMSO (90% water), sensor F3 and F4 showed ACQ behavior resulting in 
weak fluorescent emission. After the addition of melamine which can form strong 
hydrogen bonds with the cyanuric pendants, the fluorescent intensities were 
enhanced as resulting from the de-aggregation. The turn-on sensor F4 provided the 
detection limit for melamine at 0.8 ppm. On the other hand, the aggregation form of 
F5 in aqueous DMSO exhibited the AIE characteristic. Thus, the addition of melamine 
facilitated the de-aggregation of F5 and, therefore, resulting in the florescence 
quenching. The Stern-Volmer constant (Ksv) was determined to be 3 x 103 M-1 with 
the detection limit of 3.2 ppm. This research has established a new concept in 
molecular design for easy-to-use and selective melamine sensors which are 
compatible with aqueous application. 

4.2 Suggestion for future works 

The present data suggested that the modification of substituent on the 1,8-
naphthalimide nitrogen from 2-methoxyethyl to n-butyl could provide a melamine 
sensor with higher sensitivity. Therefore, it is likely that the substitution on that 
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nitrogen with more hydrophobic groups such as n-hexyl, n-octyl, or larger aliphatic 
chains may result in sensors that could aggregate well in aqueous DMSO, which lead 
to the lower fluorescent intensity prior to the addition of melamine. If these 
aggregated fluorophores are de-aggregated by melamine, a strong signal 
enhancement and high sensitivity could be observed. However, it is also possible 
that the hydrophilicity of melamine may not be sufficient to de-aggregate the 
fluorophores with high hydrophobicity. Therefore, this structure modification must be 
carefully fine-tuned. 
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Figure A.11H-NMR spectrum of 1a in CDCl3. 

 
 
 
Figure A.2 1H-NMR spectrum of 2a in CDCl3. 
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Figure A.3 13C-NMR spectrum of 2a in CDCl3. 

 

 
Figure A.4 1H-NMR spectrum of F1 in CDCl3. 
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Figure A.5 13C-NMR spectrum of F1 in DMSO-d6. 

 
Figure A.6 1H-NMR spectrum of 1b in CDCl3. 
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Figure A.7 1H-NMR spectrum of 2b in CDCl3. 

 

 
Figure A.8 1H-NMR spectrum of 3b in CDCl3. 
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Figure A.9 13C-NMR spectrum of 3b in CDCl3. 
 
 

 
Figure A.10 1H-NMR spectrum of F2 in DMSO-d6. 
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Figure A.11 13C-NMR spectrum of F2 in DMSO-d6. 
 

 
Figure A.12 1H-NMR spectrum of 1c in CDCl3. 
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Figure A.13 1H-NMR spectrum of 2c in CDCl3. 
 

 
Figure A.14 13C-NMR spectrum of 2c in CDCl3. 
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Figure A.15 1H-NMR spectrum of 3c in CDCl3. 

 

 
Figure A.16 13C-NMR spectrum of 3c in CDCl3. 
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Figure A.17 1H-NMR spectrum of F3 in DMSO-d6. 
 

 
Figure A.18 13C-NMR spectrum of F3 in DMSO-d6. 
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Figure A.19 1H-NMR spectrum of 1d in CDCl3. 
 

 
 
Figure A.20 1H-NMR spectrum of 2d in CDCl3. 
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Figure A.21 13C-NMR spectrum of 2d in CDCl3. 
 

 
 

Figure A.22 1H-NMR spectrum of 3d in CDCl3. 
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Figure A.23 13C-NMR spectrum of 3d in CDCl3. 
 

 
Figure A.24 1H-NMR spectrum of F4 in DMSO-d6. 
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Figure A.25 13C-NMR spectrum of F4 in DMSO-d6. 

 
Figure A.26 1H-NMR spectrum of 1e in CDCl3. 
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Figure A.27 13C-NMR spectrum of 1e in CDCl3. 
 

 
Figure A.28 1H-NMR spectrum of 2e in CDCl3. 
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Figure A.29 1H-NMR spectrum of 2e in CDCl3. 
 

 
Figure A.30 1H-NMR spectrum of F5 in DMSO-d6. 
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Figure A.31 13C-NMR spectrum of F5 in DMSO-d6. 
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Figure A.32 Elemental Analysis of F1 and F2. 
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Figure A.33 Elemental Analysis of F3. 
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Figure A.34 HRMS spectrum of F4. 
 

 
Figure A.35 HRMS spectrum of F5. 
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Figure A.36 Molar absorption coefficient plot of F1 in CH3CN. 
 

 
Figure A.37 Molar absorption coefficient plot of F2 in CH3CN. 
 

 
Figure A.38 Molar absorption coefficient plot of F3 in DMSO. 
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Figure A.39 Molar absorption coefficient plot of F4 in DMSO. 
 
 

 
Figure A.40 Molar absorption coefficient plot of F5 in DMSO. 
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Figure A.41 Quantum yield plot of F1 in CH3CN. 
 

 
Figure A.42 Quantum yield plot of F2 in CH3CN. 
 

 
Figure A.43 Quantum yield plot of F3 in DMSO. 
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Figure A.44 Quantum yield plot of F4 in DMSO. 
 

 
Figure A.45 Quantum yield plot of F5 in DMSO. 
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