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CHAPTER I

INTRODUCTION

1.1 State of the Problem

Melamine, a white solid powder, has become a subject of interest since the last
recent years as a result of its adulteration-ih*foed and feed. The contamination of
melamine caused a renal epidemic In eats and-dogs. Besides, hundreds of thousands
people were impacted from melamine contamination, tens of thousands children must be
hospitalized because of blockages of excretory system, and some of which having severe
conditions had died. All"of these Cases were resulted from consumption of melamine-
tainted food. There was a'presumption that;some of fraudulent entrepreneurs deliberately
admixed melamine in theigprodugts. Whereas-'-melamine contained lots of nitrogen (about
66 % by mass), it was attractive to add melamine into some food and feed, because
protein analysis would be done only simplér-nirtrogen determination which could not
distinguish between nitrogen contents from bréiﬁéin sources and those from non-protein
sources. Thus, the addition of mefamine into food and.feed.could misunderstand of high
protein food or feed. Noi-enly-did-the-additton-of-melamine cause incorrectly report in
protein analysis, but alsorit reduced certainly costs of production.

Toxicity of melamine would not instantaneously affect, but its accumulation was
able to damage the excretory system. iSincechumansbody. eould:not totally eliminate the
consumed melamine, ‘it 'would gather or combine with its analogues or stone forming
agents in. urine, .such as calcium_oxalate, uric_acid, phosphate to" rapidly form large
complexes which would'became kidney: stones. This might.lead to reproductive damage,
bladder cancer and abrupt renal failure. With aforementioned seriousness, melamine
determination in food was significantly important in order to prevent such severe
conditions.

Determination of melamine in food has continually developed since there was the
epidemic. In general, it has been mostly conducted by chromatographic methods. Both

gas and liquid chromatography coupled with mass spectrometer have been used for this



purpose. Such methods, however, need expensive instrument, high operating cost, and
complicated process. Spectrometry is a generally-used technique for analytical
applications, having a low operating and instrumental cost, simple and rapid process.
With such intriguing benefits, spectrometry is thus an alternative method for melamine
determination.

Being a nitrogen-rich compound, melamine is considered as a high affinity ligand
to bind with various metal ions especially copper ion. In this work, copper-melamine
complex would be synthesized by a reaction of .melamine and excess copper(ll) solution.
After the completion reaction,.an amount of coppet.in the solution would proportionally
decrease upon the amount of melamine. Hence, if-the amount of initial copper is known,

melamine could be quantitatively determined.

1.2  Objectives

This research aimed at (1) development of an indirect method for determination of
melamine using atomic spectrametry and (2) determination of melamine-tainted food by

such developed method.

1.3  Scope of the Research

Types of copper-salts and solvents were initially“investigated in order to obtain
the most suitable: system, for copper-melamine, complex.formation. Then, effects of
temperature and'curing time Were evaluated; ‘the optimal conditions for copper-melamine
synthesis would be selected for analytical applieation. Chemical.kinetics parameters
including’an order of complexation reaction and activation energy were also estimated.
Using the chosen conditions, calibration graph was built by fixing an amount of copper,
varying an amount of melamine. After complete reaction, the synthesized copper-
melamine complex would be characterized, the solution would be analyzed for the
amount of remaining copper. This study was based upon an assumption that as the

amount of melamine increases, the amount of copper would decrease proportionally.
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Finally, the developed method would be validated, and applied for the determination of

melamine in food or feed.

1.4 The Benefits of this Research

The developed atomic absorption spectrometric method, as the alternative one,

]
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CHAPTER Il

THEORY AND LITERATURE REVIEW

2.1 Melamine

2.1.1 Chemistry of melamine

Melamine or1;3,5-triazine-2,4,6-triamine (structure shown in Figure 2.1)
is an organic substance whieh" is"a white solid. Melamine is generally insoluble in

common solvents, but somewhaidissolve in hot water [1].

Figur% 2.1 Structtjr-ez)f melamine.

Melamine;_ can be produced by several! pathways. In general, three
substances: urea, dicyadinamide and hydrogen cyanide are used as starting materials [2].
In the preparation pracess, melamine may be hydrolyzed to vield its derivatives, e.g.

ammiline, ammelide, and cyanuric acid as shown in Figure 2.2 [3].

NH; OH oH o
N N +H,0 N N +H,0 N M +H,0 N N
S O uns D E-0
HNT CNT TN N TN NHe e W e, HO NT oM
melamine ammeline ammelide cyanuric acid

Figure 2.2 Formation of ammeline, ammelide, and cyanuric acid from hydrolysis of

melamine [3].



Melamine is usually used as reactant in production of melamine-
formaldehyde resins for various manufactures, such as surface coatings, laminates,
Formica™, dishware and kitchenware. Some products of melamine also used as flame

retardant and smoke suppressing agents [1-3].
2.1.2 Toxicity

Melamine has quite low acute toxicity. It has been reported that melamine
has a median lethal dose (LDsg) 0f 3161 mg/kg-based.en rat data [4].

Melamine and.eyanuric acid ingested in the body can accumulate and
form huge complexes, and.ihey may block the excretory system. Besides, consumption of
melamine may result in reproductive damage, kidney stones, bladder cancer, and renal
failure [2].

However, many countries ‘have launched the regulation that allows
melamine contaminated if foed no more than 1 mg/kg, and dairy products no more than
2.5 mylkg [2]. |

2.1.3 Determination of melamine

Since there had been reports of infant deaths and renal epidemic in cats
and dogs in 2007 [5-6], the determination of melamine in food and feed has taken into
serious consideration. Research in developing method for melamine determination has
been widely published. Mastly melamine determination is conducted by chromatographic
methods coupled“with mass spectrometry [6-11]. Herein, the developed methods for
detection,of melamine are reviewed.

Xia et al. [8] developed sensitive methods for confirmation and detection
of melamine in egg by gas chromatography—mass spectrometry (GC-MS) and ultra-
performance liquid chromatography—tandem mass spectrometry (UPLC-MS/MS).

Ibafiez et al. [9] developed the liquid chromatography—electrospray
tandem mass spectrometry (LC-ESI-MS/MS) for the determination of melamine in milk-
based products and other food matrices.



Xu et al. [11] developed a coupled capillary column used in gas
chromatography-mass spectrometry for both qualitative and quantitative determinations
of melamine in dairy products.

Yan et al. [12] reported that they was the first ones who had developed
capillary zone electrophoresis with diode array detection (CZE-DAD) for the
determination of melamine in dairy products, fish feed, and fish.

Sun et al. [5] developed a reversed phase high-performance liquid
chromatography-diode array detection (RP-HPLC-DAD) with solid-phase extraction
(SPE) for the determination of melamine residuein liguid milk.

However, the use-of chromatography. may be suffered from complicated
pretreatment, time-consuning sieps, high instrument and operating cost [13-16]. Some
other techniques without such limitations were developed for determination of melamine.

Liang et al./[16] developed polymeric membrane ion selective electrode
based on molecular impriat polymer for, selective recognition and determination of
melamine in milk. The time €onsuming for analysis was less than 15 minutes. And this
developed method can be used for onsite mo_n_itdrring.

Rima et al. [17] developed al’isbegtrometric method for determination of
melamine based on Mannich. reaction. Mel"a_mine was selectively reacted with
formaldehyde and other substances having a ketone funetional group. The final product
was directly measured-y U\/-vis absorption spectrometry ai-214 nm.

Zhou et al. [18] developed a fluorescent technique for melamine
determination using cucurbitfZ]uril sensor. Melamine could interact with cucurbit[7]uril
resulting the increase n fluoréscence intensity.  The ' calibration curve constructed
between melamine' concentration and fluorescence intensity showed a good linearity. The
result showecl'that it wasa sucCessful method for the determination-af melamine in milk.

Ding et al. [19] developed a system of FesO, magnetic nanoparticles-
H,0,-ABTS (ABTS = 2,2'-azino-bis (3-ethylbenzo-thiazoline-6-sulfonic
acid)diammonium salt) system for colorimetric determination of melamine in dairy
products. The magnetic nanoparticles (MNPs) could react to H,O, which generated green
solution, and it was then detected by colorimetry. Meanwhile, in the presence of
melamine, it could react with H,O, resulting in the paler color. Thus, this method is an



indirect determination of melamine by colorimetry of Fes0, MNPs- H,O,-ABTS without
expensive and complex instrument.

Wang et al. [20] developed a chemiluminescence method for
determination of melamine. Melamine could inhibit the luminescence intensity of
luminol and myoglobin. The intensity decreased proportionally to the amount of
melamine added. This method could be used in melamine determination in milk products.

Li et al. [14], Guo et al. [15], and Chi et al. [21] have developed a visual
detection of melamine using gold nanoparticles: It was based on the concept that
melamine can interact with. gold nanoparticles resulting in the aggregation of gold
nanoparticles, and the color change of colloidal-gold nanoparticles. These developed
assays could be used for an=site.screening of melamine-tainted food due to the clear color

change observation.
2.1.4 Sample preparation

Melamine contaminated.- food,of feed samples are often homogenized and
the extraction of melamine isan impeortant pr66é3§ prior to analyze.

Sun et al. [5] extracted melamine using 1% trichloroacetic acid (TCA) and
lead acetate in order to eliminate protein. After sonication and centrifugation, the
supernatant was applied to PCX-SPE cartridge, and melamine was eluted by ammonia in
methanol solution. Like Chi et al. [21], the mix solution of TCA and acetonitrile was
used to extract melamine. /After sonicationysand centrifugation, the supernatant was
filtered and purified using PCX-SPE. In addition, Yan et al. [11] proposed the similar
sample preparation method; 1% TCA, water, and chloroform were mixed with samples.
After sonication, the, mixtures were 'centrifuged ‘before direct injectian in a capillary
electrophotesis instrument.

Anderson et al. [7] used acetonitrile/water and a little amount of
hydrochloric acid to eliminate fat. An aliquot of supernatant was removed to another
tube. Dichloromethane was then added. After centrifugation, the upper aqueous portion

was removed to a glass culture tube, water was added and the sample was re-extracted by



shaking. An Oasis MCX solid-phase extraction was used to cleanup sample extracts. 5%
ammonium hydroxide in methanol was used as eluent.

Ibafez et al. [9] extracted samples by shaking with 1% TCA, after
centrifugation, tridecafluoroheptanoic acid was added before analysis. In addition, Li et
al. [14] used TCA to deposit protein. The mixture was centrifuged, and filtered before
applying to the developed assay. Ding et al. [19] also used the mix solution of acetonitrile
and TCA for extraction. The sample was sonicated and centrifuged before using the
supernatant for analytical process. Like Wangeet . al. [20], TCA was used to promote
protein precipitation. Then, the mixture was sonicaled and centrifuged, the clear solution
was filtered, and taken for determmation.

Besides, Rima et.al. [L7] proposed the mixture of dethylamine, water and
acetonitrile as the extraction solvent. Afier centrifugation, dichloromethane was added in
order to eliminate fat in fish sample. The aqijeous layer was ready to analyze. And Zhou
et al. [18] used zinc acetaie and diluted hydrochloric acid in extraction process. The

mixed solution was filtered, and the filtrate Was assayed under the optimized condition.
2.2 Copper-melamine complex synthesis

Melamine, a nitrogen-rich heterocyclic triazine compound, is seemed likely to be
a promising ligand, however, there were few literatures investigating a coordination
chemistry of melamine {X]. This is because of its low solubility as mentioned above. The
metal-melamine compounds‘were almost fallen into three groups: melaminium dication
salts coordinated with anions, melamine-co crystallized with inorganic salts, and a few
fortuitously formed coordination complexes [1]. For instances, the,reaction of CuCl; in
methanobyand' diacetyl “melamine  yielded copper-melamine complex- (Figure 2.3) [1].
Herein, some literatures reporting the copper-melamine complex synthesis are reviewed
[1, 22-24].
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Figure 2.3 Diacetyl copper-melamine complex [1].

Wiles et al. [1] synthesized copper(l)and (i) complexes of melamine by directly
adding melamine into varieus solutions of copper. The mixed solutions were sealed in
thick-walled glass tube, heated and stirred at 100 °C for 20 hours. The complexes were
collected by means of filtrationsand characterized by elemental analysis, X-ray powder
diffraction spectrometry, thermogravimetric analysis, and Fourier transform infrared
spectrometry. Using CuX (%= Cl; Br, I, IKJO;), the synthesized complexex of copper(l)
showed stoichiometry ofs1:1 copper:melafqihe, excepted for CuCl which showed the
mole ratio of 1:1.1-1.3. /Whereas using_';':"!bf" CuX; (X = Cl, Br, OAc), 1:2 of
copper:melamine was shown in th@"compié}_’gé__shof copper(Il), excepted for Cu(OAcC);

showed a 1:1 stoichiometry. : .

| o el

Chen et al. [22];s‘ynthésﬁ'z*ed two copper(if)=melamine complexes using CuCl, and
Cu(OAC),. Such copper Salts were added into boiling methanol, and refluxed for 3 hours.
The green-yellow crystanl obtained from the_former salt,r and the blue crystal obtained
from the latter salt were filtered out, and/characterized by Spectrometric methods and X-
ray crystallography. Besides, thermal properties of these complexes were studied. The
structure~of gproductsy CuCly(u=CH(CH3QH)a(1=0CHs)#(Mel)52Et0nand Cu(n*-OAc)-
(u-OCHj3)+( Mel),-0.33H,0 are shown in Figure 2.4 (a) and (b), respectively.
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(@) Y (b)

Figure 2.4 Structure 0f () CusCly(1i-Cl) (CHsOH)2(u-OCHz)-(Mel), - 2Et,0 and
(b) Cu(nl-o,l\c)- (u-OCHj3)-( Mel), - 0.33H,0 [22].

— il

Xu et al. [23] syntheSized two go-crystal copper-melamine complexes and studied
their electrochemical properiies; T__hg icomd[eixed__s (1) [Cu(HBA),(Mel);][Cu(HBA),] and
(2) [Cuz(OAC)s(Mel)-H,0)[Cu(HPE),] were prepared by slowly dropping of Cu(OAc),
into melamine-containing ethahbl"jsolutioniéﬁd stirring for 30 minutes. HBA (2-

hydroxybenzaldehyde) for complex (1) ::jiﬂ'tbesis and HPE (1-(2-hydroxyphenyl)

ethanone) for complex;@) synthesis were slowly added, thé:n_:the mixture was refuxed for
1 hour. After solvent"'e'\""/aporation, the dark green erystal (1) and light green crystal (2)

were characterized. Figure 2.5 shows the structure of the two complexes.
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, Cu(HBA)z] and
(2) [Cuz(OAC)s(Mel)-H0][Cu(HPE),] [23].

coonB M) ANEBINEID Tty

(MelH)Cu,Clg. The compound was ﬁrﬁ%dﬂ bX]th- reaction of C&Eﬁnd melamine in
ur i

concenttbalyarbilbtié el Afdesae Hour, e b Cfordi ik

studied so%e physical properties.

itated, and were
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2.3 Characterization of complex
Commonly used techniques for complex characterization are summarized below.
2.3.1 X-ray powder diffraction spectrometry

X-ray powder diffraction ‘or XRD provides diffraction patterns of
crystalline materials. Observed diffraction pattern.can be compared with those of known
substances in the Joint Commiiiee on Powder Diffraction Standards (JCPDS) database.
The thin layer of the powders'was-exposed to an X=ray beam. The instrument plots the
intensity of diffracted beam against the scattering angle (20). Component of mixtures can
be identified from their characteristic patterns [25].

2.3.2 Thermogravimetry

Measurement of mass changes, during heating are made with thermo-
balance. The output of thermogravimetric curve is a plot between percentage of the
original mass and temperature,-and provides information about drying processes, loss of

solvent, thermal decomposition reaction, and oxidation reaction [25].
2.3.3 Fourier transform infrared spectrometry

IR method.hasta potential for identification and confirmation of molecular
structure [26]. The most common application of=infrared spectrometry is qualitative
analysis,“and compilations' of characteristic/ functional group frequencies are available
[25]. Molecular species can interact with applied electromagnetic radiation in infrared
region, which causes changing the electronic state. The molecule can vibrate or rotate in
many ways relating to its bonds and functional groups. IR spectra are a plot of

wavenumber (usually 400-4000 cm™) against percentage transmittance.
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2.4 Physico-chemical study of complex

2.4.1 Chemical kinetics

Chemical kinetics is a study of rates of chemical reactions. It is closely to
an investigation of reaction mechanisms [27]. Such study can help understand steps of
reaction progress. The equation of. a net: chemical reaction represents the overall

stoichiometric transformation of reactants to preducts without addressing its mechanism.

2.4.1.1 Rate law

A gommons/chemical reaction is represented by Eq. 2.1.

aA” + bB === cC + dD (2.1)

Reaction rate (expressed by Eq. 2.2) is defined as a change with
time in concentration of one of the reactants or products; that is,

1d[A] - d[Br] | 1d[C] 1d[D]
Rate = vz ===+ = — A

ad  bdt  c¢cd. ddt (2.2)

Thesrate law expresses the rate of a reaction in terms of
concentrations oftreactants and other species in solution affecting the rate. Supposing that

the reaction rate ‘of the above reaction depends only on the concentrations of reactants,
the rate law is givendy Eg«2:3;

v = KI[A]"[BT" (2.3)

where Kk is a rate constant. The value of m and n in Eq. 2.3 determines the order of the
reaction in A and B, respectively. The overall order of the reaction is (m + n), and cannot

be obtained simply by looking at the net chemical reaction. The order of reaction is not
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necessarily related to the stoichiometry; it can be determined only by experiment. Table

2.1 shows the expression of rate law of each reaction order.

Table 2.1 The rate expression of each reaction order

Reaction order  Differential form Integrated form
d[A
Zeroth vV = - % = k[A]O = Kk [A], = [A], -kt

First [A], = [A],e™
Second - Lk
econ - [ — — =
[Al,
2.4.1.2 Experimental deter \\\ tion orders
A¥ & TS
Integral me 66#
Testing fc %@ 3 13 | se ond-order kinetics by plotting
method as integrated form Canbe dg;ﬁé d easily [27]. Graphical characteristics
of the zeroth, first and second aré hown in F

‘..5".:;*; A :‘4 r

o

(7 = Y]

B 2
ﬂ‘lJEJ’J“fIEJﬂ‘ﬁWEJ’]ﬂ‘i
QW']&NT]?EU UA1AINYAY
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Method of initial rate was done by measuring of rate of reaction
with known reactants concentrations at the beginning of reaction [28].

k[A]"[B]" (2.3)

<
I

logk + mlog[A] + nlog [B] (2.4)

log v



16

By varying [A]o with holding [B]o as constant and measuring the
initial rate, logarithmic plot of rate versus a concentration of [A]o, the order m can be

estimated from the slope, and vice versa, the order n can be also found.

Flooding method (Isolation method)

In case of reaction rate depends on several substances, flooding
method can help mathematically simplify:complicated rate law to pseudo-first order. The
experiment can be done by jumping other species to rather high concentration, compared

to low concentration of one species of interest, se the.others are served as constant [27].

Fragtionaltimes (half-life method)

Fragtional time method is based on the concept that the time
required to convert a given function of I'ifﬁiting reagent is a characteristic of the rate
equation. A comparison of sucgessive halleiime can reveal what simple integral order of
rate equation that reaction follows. The ratib'.o_f time required for 75% reaction to that for
50% reaction is an own characterisﬁc reacf_i@n'order. Table 2.2 showed each half-time
value of reaction order [27]. _

Table 2.2 Half time value (adapted from [29])

Reaction order  Half time ty, [t
Zeroth ao/2K 1.5
First In 2/k 2
Second 1/kag 3
Third 3/2kao’ 5

Extent of reaction (Wilkinson’s method)
The extent of reaction, defined by Eq. 2.5, represents the fractional

progress of reaction from beginning to end.

E=1- — (2.5)



17

The plot between t/E and t, according to Wilkinson relation (Eq.
2.6) where n is reaction order, can found the variation n from the slope [27].

n
= = — + -t (2.6)

2.4.1.3 Activation energy
Activation energy is the least energy that can make any chemical
reaction occurs. In general, it has-been known that temperature can affect on the rate of
reaction and rate constant is-aVvalue of its'own temperature.

Accerding to Arrhenius eguation (Eqg. 2.7), if natural logarithm is
taken throughout Eq. 2.7, Eq 2.8 I8 obtained:”

, K= e RT 2.7)
=2l E,
ke = InA~- —— (2.8)
where A is Arrhenius constant, R is the gas constant and T'is the absolute temperature in
Kelvin. A plot of In k versus reciprocal temperature can reveal the activation energy from
its slope.

2.4.2 Solubility equilibrium

Complexation reaction involves a metal ion (M) reacting with a ligand (L)

to form complex, ML, as shown in Eq. 2.9;
M + L s ML (2.9)

where the ion charges have been omitted so as to be general.
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The complexation reaction occurs in a stepwise process. If the completed
reaction has two ligands reacting with dication, The Eq. 2.9 is followed by Eq. 2.10.

ML + L === ML, (2.10)

Formation constant (K;) indicating the stability of the complex can be

Y.

expressed as

(2.11)

In case of i d (Eq. 2.12), Ky can be calculated
by Eqg. 2.13;
(2.12)
(2.13)
In g*—— ----------------- ,ted as formation reaction,
solubility equilibrium isﬂsua : ation reaction [26]. The reaction can be

written as Eq. 2.14;

ﬂ‘LlE{A ‘}’]EJ‘V]‘?HEJ']II‘B' e
ATAININANIANINAY

Ko = [MZ]LT = o (2.15)
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2.4.3 Continuous variation method (Job’s method)

The method of continuous variation or Job’s plot is widely used to study
the stoichiometry of complexes. A series of solution containing the fix total mole
number, but systematically varied mole ratio of reactants is prepared. The products are
then measured the analytical signal. Plotting of the signal against the mole ratio of one of
reactants which are metal or ligand yields the curve that can be used to determine the
stoichiometry of the complex by taking into’ account the mole fraction (x-axis) of the

highest signal or mass product (y-axis), as shawn'in Eigure 2.7.

1000
01800 {
— 0600 4
< !
(@))
'®»  0.400 1
0.200
0000 — ll - = e + T T T T _‘
0.0484="02 0.3"70;'4 05 0.6 07 08 0.9 1.0
mole'fraction of L

Figure 2.7 Job’s plotifer the MsL, ML, and ML, complex formaton (adapted from [30]).

2.5 Factors influencing.complex formation

There are several factors affecting.the formation .0f complex. Various
metals may differentlysreact with a ligand. Sizes and charges of the components are
important factors towards forming the complex. If a ligand is a molecule, its dipole
moment will be important among the factors determining its complexing power [31].
Complex formation ability of metal ions usually depends on three factors; the charge, the
size, and the ionization potential [31]. Chelation is also the effect of complex formation
[31]. Ligand containing two or more donor groups can affect to the arrangement of the

complex. The complex usually adjusts its orientation to the higher stable form [32].



20

Besides, when ligand allowing to interact with the same metal in different solvent to form
complex, the solvent systems often play a vital role in complex formation and its
structure [33]. In addition, formation of complex often depends upon temperature.
Complex formation is promoted by negative enthalpy (AH) and positive entropy (AS),
according to the Gibbs energy (AG). Generally, it is widely known that complexation
reaction is the exothermic reaction, in thermodynamic aspect. However, that some
reactions may produce large quantity of adducts when raising of temperature can be

explained by its kinetically favor [32].

2.6 Methodology in speetrochemical analysis

One of the very.mportant parts in a_nalytical procedures is the calibration [34].
Analytical methods are most/often calibrated with external standards, nevertheless, it
used to calibrate instruments and procedures having no interference effects and matrices
[34-35]. Standard addition isiong of alternative choices for minimizing errors from matrix
effects [35]. Furthermore, for the developed analytical methods, the consistent, reliable,
and accurate data are the summit-ptpose. Any developed technique should be made sure
that it can measure and report reliable and accurate data [36]. Validation of the methods

is thus significantly important.
2.6.1 External standard calibration

An' external calibration curve between analyti€al signal S and known
analyte concentration Cs is established from fittingethe results to asuitable mathematical
function“using of 'least-squares-method.. Then, S obtained from the sample is used to
determine unknown analyte concentration C, from the calibration graph. However, the
basic assumption of the external standard procedures is that standard and sample with
same analyte concentration will yield the same analytical signal. After applying the
appropriate sample preparation factors, the analyte concentration in sample can be found
[34-35].
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2.6.2 Standard addition method

A standard addition method is particularly useful for analyzing samples in
which matrix effect is substantial [34]. The procedures for going through the standard
addition method is as follows: (1) several aliquots Vy of unknown with a concentration Cy
of sample are transferred to a series of volumetric flask having a volume V;; (2) a small
volume of standard Vs with known canecentration Cs is spiked in a series in another
aliquot of analytical samples; (3) suitable reagents are added, and each solution is
adjusted to the marked volume; (4) each of selutions.is measured to yield a signal S (Eq.
2.16) [34-35],

V.G WGy

v Y (2.16)

Plotting betwgen S and'Vs, the slope m = % and intercept b = % can be
+ t t

found from the graph. Cy can then be'obtained from Eq. 2.17-2.18;

VST
by = V% (2.17)
Vi
c, = X5 2.18
X - mVX ( . )

When the straight line is extrapolated.to the x-axis, ag shown in Figure 2.8,
the difference, betweens added standard valume at' the! origini and the volume at the
intersection or x-intercept (Vs)o is the volume of standard reagent equivalent to the
amount of analyte in the sample. Besides, the x-intercept corresponds to null instrument
response. Cy can then be obtained from Eq. 2.19-2.20 [34];

ViCs Vi Cy
= + = .
S v m 0 (2.19)




22

Ve)oC
c = -Uhl (2.20)
Vi
S [y
4 Y 1
RS
»
e
e .
_I_VS T T

Figure 2.8 Linear calibration graph for standard addition method.
2.6.3 Validation'of spectroanalytical method

Method validation” is .the p_r-'g.c-éss used to assure that the developed
analytical technique or procedure applied --]-‘é'r:!,-__analysis is appropriate. Results from
validation of the method are used to_judge tﬁa c;qnsistency, reliability, and accuracy of

analytical results [36].
2.6.3.1 Validation using certified reference material

A certified reference material (CRM) seérves multiple purposes,
one of which is to demonstrate equivalency of a developed method. Certified reference
materials_areé {available, & ‘pure-solution forfsinglecomponent: cdlibration, mixtures in
solutions for multicomponent calibration, and solids with components and matrices as
close as possible to the matrix of the unknown sample [36].

A use of CRM has to realize an accuracy of data. Therefore
laboratories should aware of requirements for CRM. The compound and concentration
should be as closed as possible to the sample. In addition, matrix of reference sample
should be also similar to that of unknown sample. The reference material should be
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homogeneous. The use of any portion in a container should be the same, and it should
rehomogenize if there is a risk of segregration during storage or transport. The properties
of reference material and the stability of matrix are also important. Lastly, the uncertainty

value of certified reference material should be estimated [36].
2.6.3.2 Parameters for method validation

Accuracy

The accuracy of the method. is the extent to which test results
generated by the developed meihod and the true value agree [36]. It can be obtained in
several ways, one of which"is_i0 compare the result with that from certified reference
material. The other is obhtainedsby examination of recovery from spiked sample. This is
used when CRM is not availahle, a sample matrix of interest will be spiked with a known
amount of analyte. After extragtion procesé and running by the instrument, its recovery
can be determined.

Precision

The precision of the methqd is the extent to which the individual
test results of multiple injections agree [36]. Precision . can be expressed in both
repeatability and repreducibility. Repeatability is obtained.when the analysis is carried
out using the same equipment over a relative short time span. The relative standard
deviation (R.S.D.) can be caleulated. The R.S.D. can be fluctuated depending on type of
analysis. For example, an analysis of feod or environment will yield the high value of
R.S.D., because of largely matrix dependent. As for reproducibility, it represents the
precision, lobteined wetween| different “laboratories! Labaeratories,imay have different

surroundings and conditions, but there are same specific parameters to be investigated.

Limit of detection and Limit of quantitation

The limit of detection (LOD) is the minimum quantity of analyte in
a sample that can be detected but not necessarily quantified. The limit of quantitation
(LOQ) is the minimum amount that can be detected with acceptable precision [36]. In
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general, LOD and LOQ are estimated by 3 and 10 times, respectively, of a blank signal or
the standard deviation of the blank signal.

Method detection limit

Method detection limit (MDL) is the lowest concentration or
smallest quantity of an analyte that can be detected based on measurements of a blank
real sample or a low-level spike that n processed through all of the steps of the
developed method [37-38].

AULINENTNEINS
RINNINANINYAY



CHAPTER Il1

EXPERIMENTAL SECTION

3.1 Apparatus

3.1.1 Flame Atomic Absorption Speciraometer

A copper concentration was determined by an AAnalyst 100, Perkin
Elmer, Flame Atomic Absorpiion«Spectrometer (FAAS). A 15-milliampres Cu Hollow
Cathode Lamp at a wavelength of 327.4 nm was used for this purpose. C,H, and air flow
rates were 3 and 10 mL'min| rgspectively: &

3.1.2 X-ray diffractometer

A DMAX 2200/Ultima+, Riga‘?u, IX-Ray Powder Diffractometer was used
to examine the XRD pattern of the copper-melafﬁine complex. The instrument using Cu
Ko radiation source was operated at 40 k\/ a'nrd 30 mAXRD data was collected from 20
of 20-70 degrees.

3.1.3 Fourier Transform Infrared Spectrometer
Infrared spectra recording from 4000 to 400 cm™ in transmission mode by
KBr pellet technigue, were-obtained by, a ©6700,~Nicelet,; Fourier gransform infrared
spectrometer. All absorptions were’réported in wavenumber<(cm™):

3.1.4 Thermal Gravimetric Analyzer

Studying a thermal behavior of the copper-melamine complex was done
by a 761 Connecticut 06859, Perkin Elmer, Thermal Gravimetric Analyzer. The
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temperature program was set up from 50 °C to 800 °C with the rate of 10 °C/min under

air atmosphere.

3.1.5 Orbital mixer incubator

An OM11, Ratek, was used to heat and stir mixture solutions for a

complex synthesis. A stirring rate was 2

3.1.6 Centrifuge

3.2 Chemicals

All Chemicals wer

Table 3.1 Chemicals _

Chemicals

Copper(1l) nitrate trinydrate

i |/ a‘ AN YIEHARY =

Methanol ¢ Merck

mrnorpalgeee) \| 7] 3 E14 4 bighriandd £)°) A
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3.3 Preparation of Chemicals

a) Stock Standard Solutions

Stock solutions of 1.00 M CuCl, and Cu(NOs), in both methanol and water

were prepared by dissolution of an exactly weighed amount of metal salts.
b) Working Standard Selutions

Stock standard selutions-of chloride and nitrate salts of copper were used to
prepare working solutions#y stepwise dilution to the required concentrations.

Melamine soluiion was daily prepared as needed by dissolution of an exactly
weighed amount of melamine in 1% trichlo:raacetic acid.

Trichloroacetic acid and lead acetate solutions were prepared as needed using
deionized water.

3.4 Study of copper-melamine compléx‘&tion reaction

3.4.1 Optimization of copper-melamine complexation reaction

A 50-time-diluted centrifugate was analyzedby FAAS for determination of
remaining copperand investigation for the optimal system for copper-melamine complex

formation. All experirmients were'done-in‘triplicate.
314.1.1 Effect of types of copper(l1) salts and solvents

5.00 mL of 0.00, 0.05 and 0.10 M melamine solution were added
into 5.00 mL of 0.05 M CuCl; in methanol, CuCl, in water, Cu(NOs3), in methanol, and
Cu(NOs), in water. After heating at 80 °C and stirring for 14 hours, the concentrations of
remaining copper from four systems were compared in order to obtain an appropriate

copper salt/solvent system.
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3.4.1.2 Effect of temperature

5.00 mL of 0.00, 0.05 and 0.10 M melamine solution were added
into 5.00 mL of 0.05 M of copper(ll) ion solution using the copper salt system chosen
from section 3.4.1.1. An effect of temperature towards complex formation was studied by
varying incubation temperature from ambient temperature to 80 °C using the same

incubation time of 14 hours.
3.4.1.3 Effect of curing time

5.00_mL 0#0.00, 0.05 and 0.10 M melamine solution were added
into 5.00 mL of 0.05 M of Copper(il) ion solution using the optimal copper salt system.
Using the chosen temperaiure /an investigatziri')n of curing time was conducted by varying

from 2 to 20 hours.

3.4.2 Stoichiometri€ study
Job’s method was used to study: th{g_stoichiometry of the copper-melamine
complex. Varied amounts of copper and melamine were shown in Table 3.2. Using the
optimum conditions frem section 3.4.1, each series was donein triplicate.
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Table 3.2 Varied amounts of copper and melamine for Job’s plot

Mole fraction of Mole fraction of Volume (mL)

melamine copper 0.10 M melamine 0.10 M copper
0.00 1.00 0.00 20.00
0.10 0.90 2.00 18.00
0.20 0.80 4.00 16.00
0.30 0.70 6.00 14.00
0.40 0.60 8.00 12.00
0.50 0.50 7 10.00 10.00
0.60 0.40 12:00 8.00
0.70 0.30 14.00 6.00
0.80 0.20 16.00 4.00
0.90 0.10 - 18.00 2.00

1.00 0.00 , % 20.00 0.00

3.4.3 Kinetics study
Chemical Kinetics. focusing onti.dgtermination of reaction order of the
complexation was studied. Two methods were taken into account as follows:
Graphical method: Plotting of In [Cu] versus time based on the data of
effect of curing time was.used to study a reaction order with respect to copper.
Initial rate ‘method: A coppér’ concentration was fixed, a melamine
concentration was varied according to Table 3.3. The reaction rate was estimated in order

to attain a reaction order with respect to melamine.
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Table 3.3 Concentration of copper and melamine for initial rate study

Concentration (mM)

Experiment
copper melamine
1 20.00 10.00
2 20.00 20.00
3 20.00 30.00
4 20.00 40.00
5 20.00 50.00

3.5 Synthesis and charaeterization of copper-melamine complex

0.10 M melaminerin 19% trichloroacetic acid (10.00 mL) was added into 0.10 M
CuCl; in methanol (10.00"mL). ;The mixe‘d.rsolution was sealed in a 40-mL glass tube
before constantly stirring and heating by an orbital mixer incubator. After 14 hours, the
greenish precipitate was obtained, and a blue or. green copper solution became paler. The
mixtures were centrifuged at 3,000 .rpm befaore collection of the solids by means of
filtration.
The complex was characterized by an';—X-ray powder diffractometer, a Fourier-

transform infrared spectrometer and a thermal gravimetric analyzer.
3.6 Standard calibration curve

The plot’ between~melamine“concentration and copper ‘absorbance was built by
adding various, melamine concentrations into a series_of solutions with fixed copper
concentration. 'Afterythevreaction thad cempleted, the absorbance 'of 4-fold dilution of
remaining copper was examined. The investigation was done in three series; each series
was done in triplicate.

Series A: 5.00 mL of 0.00, 2.00, 4.00, 6.00, 8.00 and 10.00 mM melamine was
added into 5.00 mL of 10.00 mM CuCl; in methanol.

Series B: 5.00 mL of 0.00, 1.00, 2.00, 3.00, 4.00 and 5.00 mM melamine was
added into 5.00 mL of 5.00 mM CuCl; in methanol.
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Series C: 5.00 mL of 0.00, 0.40, 0.80, 1.20, 1.60 and 2.00 mM melamine was
added into 5.00 mL of 2.00 mM CuCl, in methanol.

3.7 Application to real sample
3.7.1 External standard method

Melamine (5.0, 7.0, 8.0, ‘and 100 + 0.1 mg) was fortified and
homogenized with 1.00 + 0.05 g of fish samples (Giant Seabass fish). 10.00 mL of 1%
trichloroacetic acid was pipettedinio the mixtures to-extract melamine. The mixtures
were sonicated for 10 minutes«and heated for another 10-minutes. 5.00 mL of 2.2% lead
acetate was added to_deposit and precipj_tate protein matrices. The mixtures were
centrifuged at 3,000 rpmgfor 40 minuies. 5.bO mL of supernatant was pipetted to react
with 5.00 mL of 0.0100 M‘CuCl; in methanol. After the reaction had completed (under
optimal conditions previously obtained), thé‘._absorbance of 4-fold dilution of remaining
copper was measured. Each quantity.of melamine was done in triplicate.

Blank experimentwas done aé thé same procedure mentioned above, but
no melamine was added. FE

All experiments were done in triplicate,
3.7.2 Standard addition method

Melamine~(4.0; 5.0, and "10.0°+ 0.1 'mg) was' fortified and homogenized
with 1.00 + 0.05 g of fish samples. 10.00 mL of 1%-trichloroacetic ‘acid was pipetted into
the mixtures ito extract melaming. The mixtures were sonicated and heated for 10 and 10
minutes, respectively. 5.00 mL of 2.2% lead acetate was added to deposit protein
matrices. The mixtures were centrifuged at 3,000 rpm for 10 minutes. Each 2.00 mL of
supernatant was pipetted into five glass tubes. Standard melamine and copper solutions

were added in each glass tube. The amounts of substances were shown in Table 3.4.



Table 3.4 Volume of substances for standard addition method
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Volume (mL)

Experiment Extracted 0.0100 M 0.0100 M
melamine melamine 1o TCA CuCl,/MeOH

1 2.00 0.00 2.00 4.00

2 2.00 0.50 1.50 4.00

3 2.00 1.00 1.00 4.00

4 2.00 | 0.50 4.00

5 4.00
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CHAPTER IV

RESULTS AND DISCUSSION

This study made use of copper-melamine complexation in analytical application.
The copper-melamine complex (Cu-Mel) was synthesized by reaction of copper and

melamine in a solution, as shown in Eq. 4.1.

Cu®*(excess) + 2Mel === [Cu(Mel)} + Cu®'(remaining) (4.1)

greenish precipitate

CuCly in methanol was the best system for copper-melamine synthesis (section
4.1.1). The increase of gieenish precipitate;product with raising of temperature suggested
that the rate of reaction ingreases kinetically. -However, In thermodynamic point of view,
a complex formation is generally an‘excthermie reaction. The complex obtaining from
the optimized condition would be characte’r{iredrby various techniques for studying its
structural information including—XRD, TGA and FT-IR (section 4.2). Besides,
stoichiometry of copper and- mélamine in.the édmplex was 1:2 (section 4.1.2). According
to kinetics study, the reaction-was-first-order-with-respecito both copper and melamine,
and the activation energy. (E,) of the reaction was 19.60-kJ/mol estimated by Arrhenius
equation (section 4.1.3). Interestingly, the rather high value of formation constant (Ks) at
80 °C also exhihited:the good camplexation-ability of Cuandymelamine which was useful

for the determination of melamine by this complexation method (section 4.3 and 4.4).
4.1 Study of'copper-melamine‘complexation reaction

4.1.1 Optimization of copper-melamine complexation reaction

4.1.1.1 Effect of types of copper salts and solvents
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By visual observation (data not shown), a quantity of complex
obtaining from each system was different. A maximum amount of precipitate could be
observed in the system of CuCl, in methanol, then the order was CuCl, in water,
Cu(NO3); in methanol, and Cu(NOs3), in water, respectively.

The measurement of the amount of copper remaining in the
solution after complex formation by Flame atomic absorption spectrometer showed that
CuCl;, in methanol gave the least amount of remaining copper. A linear plot of remaining

copper versus amount of melamine added also yielded the maximum slope (Figure 4.1).

100.00 #®< _
@;,‘\\\\\
~ 80.00 1 WL A <)
\o\_/ \\\::\\\ \\\\\
= N w
60.00 A P sge=d Tk
% \\Ei\\\ \‘\\ \‘} X CU(NO3)2/ Hzo
C oy \\. \\\
.% 40.00 - \\\\\\ \\\\ Cu(NOs),/MeOH
e \\\ N ) (] CuCIleZO
8 4 \\ \\\
20.00 A £ .Yy © CuCl/MeOH
= S
000 | — T T - — 1
0.00 10.00...20.00 -30.00.  40.00 50.00
melamine (mM)

Figure 4.1 Remaining graph of copper with varied mielamine in the systems of
CUC|2/M€OH, CUC'z/Hzo, Cu(N03)2/MeOH, and CU(NOg)z/ H,0.

Besides, according to ‘the copper and ‘melamine stoichiometry of
1:2 (section 4.1.2), the amount of both copper and#melamine at equilibrium were used to
calculated; formation ‘constant (Ks) ‘and-solubility groducts’ (Ksp)s jas_Eq. 4.2 and 4.3,
respectively (detailed shown in Appendix);

1

K = _ 4.2
f [Cu?][Mel]’ 2

Ko = [Cu®]Mel” = 1 (4.3)
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According to the Table 4.1, K¢ from CuCl, in methanol was the
highest, and Ky, was the lowest. This indicated CuCl, in methanol showed the greatest
complexation ability for Cu-Mel complex. CuCl, in methanol, therefore, was the most

optimal system for the complex formation and would be used for further investigation.

Table 4.1 Calculated solubility products of Cu-Mel in each system

Copper(Il) salt/solvent Ks Ksp

CuCly/MeOH 537 %10~ 1.86 x 10"
CuCl,/H,0 353%.10* 2.83 x 10°
Cu(NO3),/MeQH, 4.39%107 2.28 x 10°
Cu(NO3),/H,0 1.13x 10% 8.88 x 10°

4.1.1.2 Effeet of temperaturé'

By varying the incubation temperature, it was found that the higher
temperature, the more observable greenish precipitate. A quantity of synthesized complex
was maximum at 80 °C. Figure 4:2 showed the effect of temperature towards amount of

remaining copper.
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S BEAN 2% APl Ol A s & ambient
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cU \\ \\
£ |ae %60 C
D' 20,00 1 - o
i *70 C
0.00 . - . - - 80C
0.00 10.00 20.00 30.00 40.00 50.00
melamine (mMM)

Figure 4.2 Remaining graph of copper with varied temperature from ambient

temperature to 80 °C.
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According to the remaining graph, the amount of copper
remaining in the solution was the least at 80 °C, and this temperature also showed the
maximum slope. It was due to a limitation of the incubator that it could not heat up more
than 80 °C. Therefore, 80 °C was the chosen temperature used for copper-melamine

synthesis.
4.1.1.3 Effect of curing time

The study of the complex-foimation from 2-20 hours exhibited that
copper was continuously censumed along curing-time (Figure 4.3). The amount of
remaining copper was miaimum at 20 hours; however, it was not significantly different
since 14 hours onwards.gAccording to the graph, copper was not totally consumed. Its
concentration at 14-20 hours vvas rather corléfant. This indicated that there was a chemical
equilibrium, and the system might reach the“equilibrium at 14 hours. The slope of the
remaining copper versus'melamine concentr'at_iqn, as shown in Figure 4.4, was maximum
and rather similar at 14-20"hours. Thus the théen curing time for complexation was 14

hours because of energy conservatien. 4244

10.004-
8.00 -
E 6.00 -
—_ -\
= 74.00.4
S e
2.00 - e
NolLy ™ Bl -
0.00 T T T T T L} T T T 1
0O 2 4 6 8 10 12 14 16 18 20
curing time (hours)

Figure 4.3 Remaining copper versus curing time.
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Figure 4.4 Remaining graph.of.copper with varied euring time from 2 to 20 hours.

4.1.2 Stoichiometry of copper and-melamine in.the complex

After each réactionin Table 3:If2:yv§s complete, the Flame atomic absorption
spectrometer was used to measure the amodzi_t rdf copper remaining in the solution. This
investigation was based on'the assumptionf'-thgt copper formed complex only with
melamine. By subtracting an absorbance of reT[rf{:Eining copper from the initial one, signal
Ao-A assuming that it related td the amount of copper in the complex were obtained.
Job’s plot (Figure 4.5) ,\A—/as built between mole fraction of melamine (Xmelamine) and Ag-A,
where A, was initial copper absorbance without complexation, and A was remaining
copper absorbance after complexation. The plot indicated copper and melamine bound in

the ratio of 1:2 (Corresponding to the maximum ‘Ag-A at mole fraction of melamine of
0.67).



38

0500 - NP
0.400 1 RIS RN
o | .
« 0300 - : ..
1 /‘ ! N
é) 0200 T ,/,/ : \Q
7. ' AN
0.100 A e ! Y
o’ ' :
0.000 ll T 5 ! T T L T T T 1
00 01 0 \w“ 5; 06 07 08 09 10

Figure 4.5

\ ion of melamine.

4.1.3 Kinetics study

.6 _-sho graphical integral method of In Cu
concentration versus curing time plo showed a linear plot in a range of 2-14

hours. After 14 hours onwards; the cause. of tin nt of remaining copper was that In

Cu concentration ha t0 zero. The linear grap! ?5: Cu concentration versus time

v
oas first order with respect to

-

in the first 14-hour ranﬁ
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spect to melamine was also
studied by using a m ed rates of reaction in each

experiment.

Table 4.2 Concentration-tim
[Cu] (mM)

lS-l)

s Y] mmm:ﬁm:rmﬂs:;ﬁzz

reaction was also first order with respect to melamine.
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4.1.3.2 Acti

Angactivation A,*-
ST \ \
Based on the data of effect/of rfﬁé‘;z re, ] ants for each temperature could be
AN

estimated from a rate law (Eq: 4 A

ed by means of Arrhenius plot.

(4.4)

where v is a rate of refEion and | onstant. T@n, plotting of In rate constant

versus reciprocal temperature.could indicate activation energy of the reaction.

Fl | bbebiandfh E}Wﬁs P e gonsints estimted fom

Eq. 4.4 were shown in Table 4.3.

ammmm UANAINYA Y



Table 4.3 Rate constant (k) and In k of various temperatures

Temperature (K)  Rate constant (k) (M™-s™) In k

303 456 x 10™ -7.69
313 5.60 x 10™ -7.49
323 7.20 x 10™ -7.24
333 9.01 x 10™ -7.01
343 1.18 x 10 -6.74
353 1.30 x 10° -6.64

4

A study..of .activation energy (E,) was conducted based upon

Arrhenius equation (Eq. 4.5),

ik

In A Ea
BTN

(4.5)

where K is the rate constant, A = Arrhenius'_fq,ctpr, R = gas constant and T = the absolute

temperature.

"
il

Plotting of Ik versus 2/T; as shown in Figure 4.8, yielded a linear

which its slope could be calculated-the E.. It,;vas.found that the activation energy of the

copper-melamine complexation was 19.60 kJ/mol.
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Figure 4.8 Arrhenius plot between In k vs 1/T.
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4.2 Characterization of copper-melamine complex

4.2.1 X-ray powder diffraction spectrometry

Figure 4.9 shows the XRD patterns of Cu-Mel complex and reactants;
CuCl, and melamine. It could be seen that the XRD pattern of the complex product
contained with medium sharp peaks did not .correspond to any pattern of the reactants.
This indicated that the complex was a pure‘phase product which was well crystalline.
And it also confirmed that @u' and melaming-eould completely react at 80 °C for 14
hours which was suitable«for using in melamine determination. However, the exact
crystal structure of the.eomplex. could not be identified by the obtained XRD data

!
because there was no standardpaitern mat(:_hi_ng in the JCPDS database.

Cu-Mel

Melamine

© cucl
‘L n 1‘.1‘ ~ A% lll '\ N U

20 30 40 50 60 70

2Theta (Degree)

Figure 4.9 X-ray powder diffractograms of copper-melamine complex compared with

CuCl,'and'melamine.
4.2.2 Thermogravimetry
The thermogravimetry was used to study the thermal decomposition of the

complex product. As shown in Figure 4.10, the thermogram exhibited two important

weight loss regions corresponding to the decomposition of melamine and chlorine from
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the complex at 200-350 °C and 350-600 °C, respectively [2]. These decompositions also
reflected that the obtained product was the Cu complex possessing melamine molecule as
ligand. The weight of the residual solid remained constantly around 70% after heating at
600-800 °C. This residual solid may attribute to copper(ll) oxide which is thermally

stable.

- e e - - " 1 -

-_— i
£00 .0 4:. §.0 &00 O

. TempEf@ture [*C)

Figure 4.10 Thermogram of Cu-Mel complex.
4.2.3 Fouriertransform infrared spectrometry

The results from FT-IR could be an evidence of the existing of melamine
in the complex. Eigure, 4.11 showed the infrared, spectra.of Cu-Mel complex (Figure 4.11
a) and melamine (Figure-4.11 b).'lt.could be seen'that almost' absorption peaks in the
complex spectrum corresponded to the characteristie.absorption peaks of melamine.

In the . Cu=Mel complex spectrum, there were two main absorption regions.
Firstly, the group of strong bands around 2800-3500 cm™ was assigned to the N-H
stretching. The other important bands around 1400-1700 cm™ correlated with the ring
distortion and N-H bending. However, the interesting absorption region of Cu-Mel
complex spectrum was the frequencies of N-H stretching. They showed a bit red shift

indicating the formation of Cu-Mel complex [2].
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I T i <P
Figure4.11/ a) Cu-Mel complex and b) melamine.

The copper- as proposed as Figure 4.12. Such
structure was refered fro g \ iles et al. [1] had reported as
[CuCly(Mel),-2MeOH] [2]. The ‘ ' ‘ \ responded to the characterization

results and Job's study.

<

AL HERERLNS
qmaqni‘“\@ﬁmmé’a

Figure 4.12 Proposed copper-melamine complex structure.
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The absorbance of remaining copper was plotted with concentration series of

melamine. The plot is shown in Figure 4.13.
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Figure 4.13 Relationship between absorbé_!hé'e of remaining copper and concentration

series of melamine (n=3).

7l

According to the graph, both series A _é_ﬁd' B exhibited that copper absorbance

decreased linearly and proportionally to the concentration series of melamine.

Meanwhile, the absorbance of remaining copper in series C did not show significant

difference. This indicated-that the added melamine concentrations was too low and

insufficient for forming. complex "with' copper(ll). ions.;"Since the concentration of

melamine in series B was less than that in series A, thus it was chosen to use in the

method ofiexternal standard:

Furthermore,” the" limit “of ‘detection” was "also" studied.” Based on copper(ll)

concentration in series B, varied melamine concentration in the range from 0.00 to 1.00

mM was added. It was found that melamine concentration of 0.60 mM did not change the

absorbance of remaining copper (shown in Figure 4.14). Therefore, the limit of detection

of this method was 0.60 mM melamine.



46

0.700 -
o
= a
o S 0600 4 A R
LCJ (&)
82 :
é'% 0.500 - * 4
2E
L
0.400 . : . . .
0.00 0.20 0:40 0.60 0.80 1.00
melamine concentration (mM)

Figure 4.14 Relationship betvween absorbance of remaining copper and concentration of
melamine between 0:00-1.00 mM (n=3).

4.4 Application to real sample 7

It was due to unavailable certified réf?rénce material for checking traceability of
melamine in samples, Giant Seabass fish usecii__'ﬁsla} sample was fortified with melamine in
order to validate the developed methed by exa_ﬁjriation of the recovery.

| el

4.4.1 External standard method

Table 4.4 shows the melamine amount found in fortified samples using
external standarthcufve ‘series B in section ‘4:3. The percentageirecovery was calculated
by Eq. 4.6;

(sample found - blank found)

0, = 0,
Yo recovery Weighed melamine x 100% (4.6)
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Table 4.4 The recovery result using external standard method

Exp. Weighed Blank Sample Subtracted Recovery*
melamine found found blank
(mg) (mg) (mg) (mg) (%)

1 4.9 1.0 3.0 2.0 40+7.7

2 7.1 1.0 55 4.5 64 £ 2.6

3 8.0 1.0 740 6.0 70+£24

4 10.0 1.0 8.4 7.4 74+£22

*mean = SD (n=3)

The results.showed. that recoveries of melamine in samples of 8.0 mg and
10.0 mg were 70% (3.4% R:S.D)) and’ 74% (3.0% R.S.D.), respectively. That this
recovery was not close to ahupdred might.rééult from ineomplete melamine extraction. It
might be caused by matrix interference. Tﬁg lower amounts of melamine were trial. The
melamine amounts of 4.9'mg and 7.1 mg Shpy\(ed unsatisfied recovery which was lower
than that of 8.0 and 10.0 mg. This might r_e}-_s_u.lt from few quantity of melamine, so it
cannot form complex with copper. Accordihgf{e the table, it was suggested that this
method could apply to analyze melamine: in fréh_§ample at the amount of melamine from

8.0 mg up. Method detec_tion limit was 8.0 mg/g.
4.4.2 Standard addition method

The standard addition graph(Figure 4.15) was plotted between added
standard melamine concentration versus Ag-A;._where Ao was, remaining copper
absorbanee fram the-extraction process of sample without melamine ‘spiking and A was
remaining‘copper absorbance.
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Figure4 15 Standard addition graphs.
|
The amount” of /melamine “in fortified sample was calculated by
extrapolation of linear lines n standard adc_fition graph to y = 0 point. This point was the
concentration of melamine formlng complex Wlth copper. By multiplying with dilution
factor and converting concentratlon to we|ght the amount of melamine in fortified

vl

sample was found. 7 ey
Table 4.5 shows the fecovery result from standard addition method. The
recovery of fortified melamlne of 4.9 g and 10. O g samples were 93% (4.1% R.S.D.) and
90% (10% R.S.D.), respectlvely 1t decreased sngnlflcantly when melamine weight was

4.0 mg. This revealed that the method detection limit was 4.9 mg/qg.

Table 4.5 The recovery result using standard addition

Weighed melamine Sample found  Recovery

Exp,

(ma) (ma) (%)
1 4.0 2.7 36 (9.4)°
2 4.9 5.4 93 (5.4)
3 10.0 8.9 90 +9.2°

“mean (range) (n=2),°mean + SD (n=3)
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Comparing the external standard with standard addition method, it was
found that method of standard addition was able to analyze melamine which had lower
concentration than method of external standard. The external standard might be affected
from matrix interference, so there was an error when calibrated with the calibration graph
derived from standard substances. Besides, the recovery using external standard was less
than 80%, while the use of standard addition could recover melamine closed to 100%.
This was due to similar interference effect of standard addition method, thus it could
determine more accurate than external standexc.

The relative standard deviation-might not follow as the AOAC proposed,
because it can be varied depending on types of-analysis and samples. For biological,
environmental, and food.samples; the R.S.D. largely depends on matrices, analyte

concentration, equipment performance, and analytical techniques [36].



CHAPTER V

CONCLUSIONS

The copper-melamine complex was synthesized by constantly heating and stirring
a mixed solution of copper(ll) and melamine. The copper(ll) salts and solvents were
studied to obtain the most suitable system for copper-melamine synthesis. The result
showed that the complex obtained from the-CuClysin methanol system was maximum
with naked-eye observation..According o the FAAS measurement, CuCl, in methanol
system also gave the least amouni-0f copper remaining in the solution. The minimum
solubility products (Ksp) and.ihe maximum formation constant (Ky) could reveal the great
complexation ability of-«eopper and melamine from this system. Besides, temperature and
curing time which mightaffeet on the comélex formation were investigated. It was found
that the temperature of 80 2C ‘was the be;t one for the reaction. The quantity of
synthesized complex was maximum at this témp’erature And the curing time of 14 hours
was the optimum time for the Synthesis. The ’copper remaining in the solution was closed
to zero, and the reaction start reaching equmbrlum at this point. By using the chosen
conditions, the Job’s plot revealed the st0|ch|ometry of copper and melamine that was
1:2. In addition, the investigation-of reaction-order of the-.copper-melamine complexation
using integral and initial rate methods was found that the complex formation reaction was
first-order with respect to both copper and melamine. The activation energy of the
reaction estimated by Arrheniustequation yielded/29:60 kKi/mol:

The greenish ~precipitate of copper-melamine complex obtained from the
optimized, system was. characterized,. by. X-Ray." powder .diffraction spectrometry,
thermogravimetry, and Fourier transform-infrared spectrometry. The XRD pattern of the
complex showed the difference from that of reactants. The TGA result showed the weight
loss region corresponding to the decomposition of melamine. Besides, FTIR spectra also
exhibited that the complex spectrum had characteristic peaks which similar to that of
melamine. All of these evidences could confirm that copper-melamine complex was

successfully synthesized.
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More importantly, this complexation method shows a potential for analytical
application. The calibration curve between melamine concentration and copper
absorbance was efficaciously built. Its linearity showed the promising method for
potential determination of melamine based upon a Flame atomic absorption spectrometry
of copper(ll). Fortified melamine in fish sample was done in order to validate the
proposed method. It was found that the limit of detection of this method was 0.60 mM,
and the method detection limit was 8.0 mg/g for external standard, and 4.9 mg/g for

standard addition.

Suggestion for future work

1. Find out an appropriate.solvent i0 dissolve the complex for benefits of exact structural
study.

2. Study more on the sample preparation for food samples in order to analyze a lower
concentration of melamipe. \

3. Validate the proposed method using real melamine-contaminated samples and
compare the validated resultwith areference method already published.

4. Investigate a preconcentration, of extractc;’d" melamine solution prior to formation of
copper(l1) complex. Ry

5. Study a wide variety‘of melamine-tainted samples.
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Formation constant (Kr) and solubility products (Ky,) calculation

According to the stoichiometric investigation, it was found that copper bound

with melamine in the ratio of 1:2. Thus, the reaction might occur as Eq. A.1;

Cu®*(excess) + 2Mel == [Cu(Mel),] (s) + Cu®**(remaining) (A.1)

1

/S s A2
: [Cu*Tiivien’ A2
K =) | [euZimel]™ = % (A3)

Example of calculationfor CuCls in‘methanol system was shown below;
5.00 mL of 0.10 M melamine was added into 5.00 mL of 0.05 M CuCl; in
methanol. After heating at 80 °C and stirring-f_o_f_ 14 hours, the measurement of remaining

amount of copper showed that it was'1.67 mM.

Cu®(excess) + 2Mel == [Cu(Mel),]

[initial] 25.00 50.00
[change] X 2
[equilibrium] 1.67 50.00-2x

The variable.«x [ calculated [from |equilibrium equation was 23.33 mM, and

melamine concentration at equilibrium was 3.34 mM.

1

Ki = ———— = 537x107? (A.4)
[1.67][3.34]
1
Ko = [167][334° = ———— = 186 A5
- [1.67][3.34] 37 x 102 (A.5)

Ksp and Ky of CuCl, in water, Cu(NOs), in methanol, and Cu(NOs), in water

could be calculated as same as the above approach.



58

VITA

Mr. Nakara Bhawawet was born on October 21, 1984 in Bangkok, Thailand. He
received his Bachelor degree of Science in Chemistry from Kasetsart University in 2007.
After that, he has been a graduate student at the Department of Chemistry Chulalongkorn
University and become a member of Environmental Analysis Research Unit under

X
]

AULINENTNEINS
RINNIUUNIININY



	Cover (Thai) 
	Cover (English) 
	Accepted 
	Abstract (Thai)
	Abstract (English) 
	Acknowledgements 
	Contents 
	CHAPTER I INTRODUCTION
	1.1 State of the problem
	1.2 Objectives
	1.3 Scope of the research
	1.4 The benefits of this research

	CHAPTER II THEORY AND LITERATURE REVIEW
	2.1 Melamine
	2.2 Copper-melamine complex synthesis
	2.3 Characterization of complex
	2.4 Physico-chemical study of complex
	2.5 Factors influencing complex formation
	2.6 Methodology in spectrochemical analysis

	CHAPTER III EXPERIMENTAL SECTION
	3.1 Apparatus
	3.2 Chemicals
	3.3 Preparation of chemicals
	3.4 Study of copper-melamine complexation reaction
	3.5 Synthesis and characterization of copper-melamine complex
	3.6 Standard calibration curve
	3.7 Application to real sample

	CHAPTER IV RESULTS AND DISCUSSION
	4.1 Study of copper-melamine complexation reaction
	4.2 Characterization of copper-melamine complex
	4.3 Standard calibration curve
	4.4 Application to real sample

	CHAPTER V CONCLUSIONS
	Suggestion for future work

	References 
	Appendix 
	Vita



