
CHAPTER II

THEORY AND LITERATURE REVIEW

2.1 Metal ion determ ination

2.1.1 Spectrochemical analysis

It is well known that metal ions are usually determined by 

instrumentation techniques for accepted concentration defined from various 

organizations. Inductively coupled plasma optical emission spectrometry (ICP-OES) and 

atomic absorption spectrometry (MS) are the most famous techniques.

Inductively coupled plasma-atomic emission spectrometry (ICP-AES) or 

inductively coupled plasma optical emission spectrometry (ICP-OES) is one o f the most 

famous techniques for qualitative and quantitative elemental analysis. Its m ulti

element capability, high specificity, and low  detection limits lead to the use o f this 

technique in many applications. All dissolved samples can be analyzed. A plasma 

source is used for dissociation o f the atoms or ions consisted in sample and excitation 

all o f them to higher energy level. They return to their ground state and emit photons 

at the same time. The emitted photons show the specific wavelength depending on 

the element type. This light is recorded by an optical device.

M S is a spectrometric analytical method for the quantitative 

determination of chemical elements by measuring the absorption of optical radiation 

(light) o f the free atoms in the gaseous state. The ground state free atom absorbs 

radiation and move up to excited state. เท analytical chemistry, this technique is 

usually used for determining the concentration o f interested element in a sample. The 

intensity o f the absorbed light is proportional to the concentration of the elem ent in

the flame.
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ICP-OES and M S can be applied in many fields such as water analysis, 

food analysis, animal feedstuffs, additives in lubricating oils and greases, soils analysis 

and clinical analysis.

Colorimeter is any too l used for characterization an objective measured 

o f color characteristics. The colorimeter consists o f a device that allows the 

absorbance o f a solution at a particular frequency (color) o f visual radiation to  be 

determined. Thus, the concentration o f a known solution is proportional to the 

absorbance unit.

A spectrophotometer is a device for measuring light intensity as a 

function o f the color correlated with the wavelength o f radiation. The most important 

things that should be realized for classification are the wavelengths they work with, the 

measurement techniques, how to obtain a spectrum including the spectral bandwidth 

and linear range. The spectrophotometers are usually applied for measuring light 

absorption correlated with analyte concentration.

White light is consisted o f different colors or wavelengths o f radiation. 

Absorption patterns o f the visible spectrum depend on different chemical substances. 

Difference would be measured between initial radiation before passing through the 

colored sample and that after passing through the colored sample.

2.1.2 Electrochemical analysis

Electrochemistry such as potentiometric method was also reported in 

several applications [16-18] involving metal ion determination. Potentiometry is a 

method used in electroanalytical chemistry, usually to determine the concentration of 

a solute in aqueous samples. For the potentiometric measurements, the difference of 

potential between two electrodes is measured using a high impedance voltmeter.
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A potentiometer consists o f two electrodes. The voltmeter is contacted 

to both electrodes to measure the difference o f potential between them. One o f the 

electrodes is a reference electrode, where the potential is known. The other electrode 

is the working electrode. The working electrode is usually made from metal immersed 

in a solution o f its own ions or produced from a carbon rod electrode fixing a solution 

which contains the ions o f interest in two different oxidation states.

Derivative stripping potentiometry can be applied for determination o f 

Cd(ll), Cu(ll), Pb(ll), Se(IV) and Zn(ll) in cultured sea bass tissues [16], spéciation o f 

inorganic arsenic in alimentary and environmental aqueous samples [17], This 

technique could also be used to monitor cadmium, lead and copper in powdered milk 

products [18],

spectrochemical and electrochemical analysis using instrumental show 

high sensitivity and selectivity; however, they are still costly, time consuming and have 

to  operate under skillful operator. Determination o f metal ions using colorimetric 

reagent is one o f easy method for metal analysis and widely used until now.

Since the re  is no cu rren t observed m eant th a t no n e t e lec troche m ica l reactions o r th e

system  is approach equilibrium .

2.1.3 Determ ination o f m etal ions using colorim etric reagent

Colorimetric analysis is a method for determination of the element or 

chemical compound concentration in solution with the assistant of color reagents. It is 

useful in both organic compounds and inorganic compounds.

เท other word, the colorimetry meant the measurement of color and a 

definition o f colorimetric method is any technique for evaluation of a color o f 

unknown in reference compared with known colors. The intensity of the color from 

the reaction product must be proportional to the concentration of the substance.



8

To dete rm ine  various m eta l ions by co lo rim e tric  m ethod, the organic 

m o lecu les  a re -n e w ly  synthesized to  im prove th e  high se lectiv ity  and achieve the  

d e te c tio n  lim it as lo w  as determ ined by instrum ents. Thus, m ost o f co lorim etric  

reagents m ust be synthesized. The response in co lo r change o f co lo rim etric  reagent 

usually present in te rm  o f shifting o f m axim um  w ave leng th  [8 , 9, 19, 20] or appear th e  

c o lo r a fte r in te raction  [21, 22], However, deco lo ra tio n  o f reagent a fter interacting w ith  

target has been reported  [ 1 1 ],

2.2 Plant pigments

Pigm ent is th e  co lored m ateria l th a t inso lub le  in aqueous so lu tion and 

perfo rm ab le  co lo r by itself. It is d iffe ren t from  dye w h ich  is th e  co lo r substance 

so lub le  in aqueous so lu tion . Natural p lan t p igm ents are n o rm a lly  found  in fru it skin, 

flow er, roots and even in seed. The natural p igm ents are usually extracted in organic 

so lven t such as m ethano l, e thano l and acetone etc.

M ost o f p igm ent colors and its co lo r change resu lt fro m  the  production, 

in teraction , and breakdow n o f three classes o f substances such as porphyrins, 

carotenoids and flavonoids. เท Table 2.1, th e  types o f  com pound s included in each o f 

these th ree  classes are given together w ith  th e  co lors th e y  produce in plants. The 

colors depen d  on som e instances upon factors such as pH or upon chem ical 

in teractions [23-25],
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T a b le  2.1 N atura l p la n t pigm ents

Class Compound type Color

Flavonoid Flavone ye llow

Flavonol ye llow

Anthocyanin red, blue, purple, magenta

Porphyrin Chlorophyll green

Carotenoid Carotene (a, p,y and lycopene) yellow , orange, red

Xanthophyll (Lutein) ye llow

Betalain Betanin red or ye llow

Several research works reported abou t p la n t p igm ents interacting w ith  some 

m eta l ions resulting in co lo r change for exam ple  an thocyan in  can coord ina te w ith  

Cu(ll), Pb(ll) and Cd(ll). Betanin extracted from  red b e e tro o t, its structure can be 

degraded a fte r in teracting w ith  some m eta l ions. It is w id e ly  know n th a t Mg(ll) is the  

m ajor e le m e n t consisted in ch lo ro p h y ll a structure. Mg(ll) replaces 2 H atom s at N 

atom s in th e  ce n te r o f m o lecu le . C h lo rophyll a also has an a d d itio n a l ring and various 

groups are a ttached  to  th e  fundam en ta l porphin ring as show n in Figure 2.1 and Table

2 . 2  shows som e o f  in teraction  o f pigments and m e ta l ions.
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Figure 2.1 Plant p igm ent structures

Table 2.2 Plant p igm ent interacting w ith  m e ta l ions

P lant p igm ent In te raction  w ith  m e ta l ions

A nthocyan in  [15] C om plexa tio n  w ith  AL(III)

3, 3 1, 4 1, 5, 7 -pentahydroxy-flavylium  [26]
C om plexa tio n  w ith  Pb(ll), Cr(lll) and 

Cd(ll)

Betanin [23] Degradation by m e ta l ions

C h lo ro p h y ll a [24] C om plexa tio n  w ith  Mg(ll)
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2.3 Anthocyanin

A nthocyan in  is one o f the  w e ll-kn o w n  p igm ent found  in tissue o f m any higher 

p lan ts  and it shows several colors fo r exam ple , red, v io le t, b lue  or ye llow .

A nthocyan in  is the  com m on nam e o f  a flavono id  pigm ent based on th e  

fla vy liu m  as core structure. It n o rm a lly  bonds to  hydroxy l groups, sugars and organic 

acids. The aglycone flavylium  cation is referred to  an anthocyanid in. There are m ore 

th a n  600 d iffe ren t species which have been reported. The structure o f an acy la ted  

an thocyan in  proposed by Arapitsas e t a l. (2008) is show n in Figure 2.2 [25],

There are 6  com m on anthocyanin  types as shown in Table 2.3. T hey are
.t#

d iffe re n t from  each o the r at and R2 positions resulting in d iffe ren t co lo r [27, 28], The 

d is tribu tions o f these 6  com m on anthocyan id ins in fru its and vegetables are 50% fo r 

cyanid in , 12% fo r pelargonidin, 12% fo r peon id in , 7% fo r petun id in  and 7% fo r m a lv id in

[29],

aglycon part (cyanidin)

i

Figure 2.2 Structure o f  an acyla ted  anthocyanin
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Table 2.3 C om m on anthocyanin types

Pigm ent Ri r2 Spectral m ax in 

MeOH/HCl

A lum inum  

ch lo ride  shift

Visible

co lo r

Pelargonidin (Pg) H h 520 nm - Orange

Cyanidin (Cy) OH H 535 nm 18 nm Magenta

Peonidin (Pn) OCH3 H 532 nm - Magenta

D elph in id in  (Dp) OH OH 546 nm 23 nm Mauve

P etunid in (Pt) o c h 3 OH 543 nm 14 nm Mauve

M alvid in (Mv) o c h 3 o c h 3 542 nm 0 Mauve

Anthocyanin structures

2.3.1 Influent of pH

Anthocyan in  can be perform ed several co lors depen ded on so lu tion  pH 

change as show n in Figure 2.3. เท acidic so lu tion  (pH < 3) th e  flavy lium  cation is 

p re d o m ina ted  species and con tribu ted  to  pu rp le  and b lue  co lo r in neutra l and basic 

so lu tion , respective ly. D ecoloration o f an thocyan in  can be occurred in an aqueous 

so lu tio n  due  to  hydration effect at 2  or 4 positions o f h yd ro xy l groups. เท addition, in
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the  so lu tion  pH in th e  range o f 4-6, th e  fo u r species; fla vy liu m  cation, anhydrous 

qu ino ida l base, co lorless carb ino l base and th e  pale y e llo w  cha lcone  are found.

R,

Flavylium cation (pH < 3) Quinoidal base (pH 6-8) Ionized quinoidal base (pH > 8)

Figure 2.3 A nthocyan in  structures and its co lo r depen ded  on pH o f so lu tion  [30-32]

2.3.2 Co-pigmentation effect

C o-p igm enta tion effect is th e  association be tw e e n  the  pigments and 

o th e r co lorless organic com pounds or m e ta l ions to  fo rm  ne w  m o le cu le  or com plex, 

generating a change or an increasing in th e  co lo r in tens ity  [33]. Some investigations 

reported  th a t co-p igm enta tion  betw een anthocyan ins and o th e r com pounds such as 

flavonoids, alkaloids, organic acids, am ino acids, nuc leo tides , sugar m olecules, m etals 

or a no the r anthocyan in  th a t if the  co-p igm ent is o th e r anthocyan in , an in tram olecu lar 

co-p igm enta tion  is fo rm ed. W hen the  in teraction  is w ith  a m e ta l ion, a com plexa tion  is 

undergo whereas in th e  case o f co-pigm ents w ith  free e le c tro n  pairs, an in te rm o lecu la r 

co-p igm enta tion  takes place. W hen the  co -p igm ent is a n o th e r p h e n o lic  com pound, the  

71-71 in teractions or charge-transfer com plex fo rm a tio n  is p e rfo rm e d  [34],
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2.3.3 Cyanidin

Cyanidin belongs to  the  kind o f anthocyanins and contains the  typ ica l 

C6-C3-C6 ske le ton. Cyanidin is a p igm ent so lub le  in w ater. The c o lo r o f cyanidin 

depends on th e  pH o f  th e  so lu tion . Cyanidin is red w hen  pH is b e lo w  3, b lue at pH 

higher than 11 and v io le t at neu tra l pH. เท natural p lants, cyanidin is no rm a lly  bound 

to  a sugar m o le cu le  to  be cyanidin 3-O-beta-glucoside.

Cyanidin is w id e ly  found  in nature. Its s im ple  structure  contains a 

ca techo l te rm in a l group w hich responses as the  active ch ro m o p h o re  in op toe lectron ic  

systems. M oreover, th e  -OHs linked to  the  ch rom ophore  prov ide  usefu l active sites on 

inorganic surfaces o r large b iom olecu les such as nucle ic  acids and prote ins [35],

Cyanidin structure  responses m agenta o r reddish c o lo r in HCl/MeOH 

solution . The m axim um  absorption w avelength in v is ib le  region can be shifted to  the 

longer w ave leng th  a fte r adding A lC l3. It is indicated th a t the re  is o rth o -d ihydroxyl group 

in the  m o le cu la r s tructu re  [28].

Cyanidin is an po lyphe no lic  antiox idan t co m p o u n d  w ith  assisted ce ll 

p ro te c tan t effects. Cyanidin shows pro tection  against U V-light lip id  peroxidation and 

perform s a capacity  fo r radical species scavenging such as NO and oxygen radical 

resulting in ce lls  p ro te c tio n  against various m echanism s o f  ox idative  damage.

Red cabbage contains several anthocyanins having d iffe re n t substituents 

and fu n c tio n a l groups. Jin-Yuarn Lin and co-workers (2008) have been characterized 

the  p igm ent co m p o n e n ts  in red cabbage ju ice  and its heated products. The most 

anthocyanin fo u n d  was m alvid in  glycosides [36], Red cabbage was also analyzed and 

te n ta tiv e ly  iden tifie d  anthocyanin  species by using HPLC/DAD-ESI/Qtrap MS. Tw enty 

fo u r types o f anthocyan ins w ere p o te n tia lly  separated and iden tifie d , a ll consisted o f 

cyanidin as aglycon w ith  m ono- a nd /o r di-glycoside, and acy la ted , processing arom atic 

and a lipha tic  acid s tructu re  [25]
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2.3.4 How to identify anthocyanin

(1) UV-Visibte spectrophotom etric m ethod

UV-Visible spec tropho tom e try  is the  classical m e th o d  fo r determ ination 

and characterization o f  anthocyanin. Figure 2.4 shows th e  spectrum  pattern  o f 

anthocyanin m o lecu le .

V

5 A

Band II - Band I

Figure 2.4 Spectrum  pattern  o f anthocyanin  m o le cu le

Phenols absorbs th e  u ltrav io le t (บV) light, w h ile  flavono ids structure are 

characterized w ith  a m axim um  absorption band in th e  240-285  nm  region due to  the  

A-ring and w ith  a n o th e r m axim um  absorption band in th e  range 300-550  nm  due to  

th e  B-ring o f anthocyan in .

(2) S hinoda ’s test

S hinoda ’ s te s t is magnesium hydroch lo ride  re d u c tio n  te s t to  confirm  

flavono id  property . The extract is added w ith  e thano l and fe w  drops o f concentrated 

HCl. To this so lu tio n  som e m agnesium ribbons are added. Pink o r red co lora tion  

indicate the  presence o f  flavono ids. The co lo r is due to  th e  reductive  conversion o f 

th e  flavone in to  th e  corresponding anthocyanidin p igm ent [37].
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(3) Mass spectrom etry (MS)

Up to  date, hyphenated  techniques such as HPLC c o u p le d  to  MS APCI- 

MS, ESI-MS and FAB-MS have becom e pow erfu l fo r the  anthocyanins identification. 

Among these desorp tion  sources FAB, ESI and MALDI are considered sm ooth  ionization 

sources, because th e y  p roduce  very lo w  fragm entation and a llo w  d e te rm ine  exact 

m o lecu lar weight. It can be also observed th a t by using these k ind ly  ionization 

techniques, it is possible to  analyze m olecules sensitive to  suffer m ajor fragm entations 

such as anthocyanins and th e ir acyla ted derivatives.

(4) N uclear m agnetic resonance spectrophotom etry (NMR)

NMR has also been very useful to  iden tify  th e  an thocyan in  structure, 

anthocyanin derivatives [38] includ ing the  reaction products o f anthocyan ins w ith  o ther 

com pounds such as c innam ic acid derivatives [39],

2.4 Chemically modified solid sorbent

Nowadays, th e  solid  m ateria l is w ide ly  used and d e ve lo p e d  as sorbent 

products depended on various proposes. The properties such as stab le  chem ical 

structures, high po ros ity  and surface areas, and good sorp tion  capacities shou ld  be 

im proved. C hem ica lly  m od ified  solid sorbent is one o f im p o rta n t process for 

develop ing its properties to  achieve those interested app lica tions. Their advantages 

inc lude good se lectiv ity , p reconcen tra tion  factor, binding energy and m echanica l 

stability, easy to  regenerate fo r so rp tion -desorp tion  process and good re p ro d u c ib ility  

in the  sorption characteristics [40],
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2.4.1 Modification m ethod

C hem ical m od ifica tio n  on solid sorbent has been re p o rte d  fo r a long 

tim e  w ith  d iffe ren t app lica tions such as extraction, rem ova l, separation, 

preconcentration or even sensor. The m odifica tion  is also d iffe ren t, how ever, based on 

its applications. The d iffe re n t m ethods are depended on the  characteristics o f the  

surface, such as po larity , charge, surface energy, b iocom pa tib ility  and reactivity.

(1) Coating o r im pregnation

Im pregnating, coating, or loading a solid support is th e  physical reaction. 

This m ethod  offers a b e n e fit prepara tion  o f a sorbent fo r m e ta l ion separation. The 

im pregnation m ethod  is also easy encountered in chem ica lly  linking a chelating 

reagent to  a support sorbent hence the re  is a fam ous choice se lected  th e  reagents fo r 

desired selectivity.

(2) Functiona liza tion

Functiona liza tion  is th e  chem ical reaction o f  che la ting  agent and a 

fu n c tio na l group o f so lid  s tructure. This produced m ethod  can generate ne w  fu n c tio n a l 

group which higher specific fo r in te rested  analyte.

2.4.2 Modified solid sorbent and its application

There are m any applica tions using solid sorbent fo r sorp tion  o f  target 

m olecu les depended on  m od ifica tio n  processes or even its tra d itio n a l s tructure. Solid 

m ateria l such as A m berlite , silica gel, alum ina and activa ted  carbon are w ide ly  

se lected upon th e y  stab ility , high porous surface and lo w  cost.
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M odification o f  so lid  phase fo r extraction, p reconcen tra tion  ca lle d  solid 

phase extraction (SPE) is fam ous nowadays. For exam ple a lum ina im m o b ilize d  w ith  

1 , 1 0 -phenan thro line  was used fo r on -line  extra tion o f copper and cadm ium  coup le  

w ith  the  flam e a tom ic  absorp tion  spectrom etry [41], The c h lo ro m e th y la te d  

po lystyrene functiona lized  w ith  N ,N -b is(naphthylidene im ino)d ie thylenetriam ine was 

applied fo r on-line p reconcen tra tion  o f  cadm ium  determ ined by F M S  [42]. M u lti

e lem ents (Cd, Co, Zn, Cu, Pb, Fe and Ni) was also extracted by using m o d ifie d  silica gel 

coated w ith  8 -hydroxyqu ino line  [43],

For rem ova l any m e ta l ion from  the  aqueous sam ples, using A m berlite  

XAD-7 im pregnated w ith  d i-(2 -e thy lhexy l)-phosphoric  acid (DEHPA) fo r  Cr(lll) [44] Cr(VI) 

sorption in to  to lu id in e  b lue .jD  im pregnated XAD-7 [45] were reported . เท add ition , 

activated carbon, lo w  cost m ateria l, was also used fo r adsorption o f  th e  3d transition  

m etals: Cu(ll), Co(lll), Ni(ll), Fe(lll), and Crflll) in w ater samples [46], M oreover, the  

po lym eric  resin, A m berlite  XAD-2 and XAD-7, they  can adsorb th e  organic m o le cu le  

such as d i-2 -pyridy l ke tone  sa licy loy lhydrazone from  liquid sam ples w ith o u t any 

m odification [47]. Table 2.4 shows th e  m od ified  solid sorbents and its applica tions as

described above.
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Table 2.4 M odified solid sorbents and its app lica tions

Solid sorbent Reagent Modifying

method

Application

Alumina [41] 1 ,1 0 -phenanthroline Impregnation Cu(ll), Cd(ll) extraction

Polystyrene [42] N,N-bis

(naphthylideneimino)

diethylenetriamine

functionalization Cd(ll) extraction

Silica ge l[43] 8 -hydroxyquinoline Impregnation Cd(ll), Co(ll), Zn(ll), 

Cu(ll), Pb(ll), Fe(lll) and 

Ni(ll) extraction

Amberlite XAD-7 [44] di-(2 -ethylhexyl)- 

phosphoric acid 

(DEHPA)

Impregnation Cr(lll) removal

Amberlite XAD-7 [45] toluidine blue o Impregnation Cr(VI) removal

Activated carbons [46] - - Cu(ll), Co(lll), Ni(ll), 

Fe(lll), Cr(lll) extraction

Amberlite XAD-2 and 

XAD-7 resins [47]

- - Di-2-pyridyl ketone 

salicyloylhydrazone

เท com parison to  silica gel, a lum ina and activated carbon have been 

extensive ly used to  rem ove organic com pound s from  aqueous so lu tions, p o lym e ric  

adsorbents, nam ely synthetic resins, possess m any striking features such as stab le  

chem ica l structures, high poros ity  and surface areas, and great adsorp tion  capacities. 

XAD resins exh ib it good physical properties such as porosity, u n ifo rm  pore size 

d is tribu tion , high surface area, and ch e m ica lly  hom ogeneous non-ion ic s tructu re  [47],
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Am berlite  XAD-7, w h ich  is an ine rt po lym eric  substance based on acrylic 

ester is hydrophobic, continuous pore  phase w ith  a weak d ipo le  m o m e n t. The 

structure  o f A m berlite  XAD-7 is show n in Figure 2.5. It is usually used fo r re m o va l o f 

organic m olecu les from  aqueous m edia and vapor streams [48]. It is a lso used in 

im pregnation processes fo r preparing th e  various im pregnated resin app lie d  fo r 

selective separation o f target m e ta l ions. An acrylic po lym e r bearing ester functions, 

A m berlite  XAD-7 can be hydro lyzed  in h igh ly  acidic conditions to  fo rm  carboxylic  

functions. Navarro e t ๐/. co m m e n te d  th a t a resin bearing weak ester groups m ay be 

hydro lyzed  by contacting w ith  h igh ly acidic so lu tions to  fo rm  R-COOhT groups [49], 

They sum m arized the  physical properties o f  A m berlite  XAD-7 as shown in T ab le  2.5.

Table 2.5 Physical properties o f  A m b e rlite  XAD-7

Properties Item

Particle size 20/60 ทาesh-250/850 pm

Superficial area 450 ทก2/g

Resin porosity 0.55

Pore size (mean value) 85-90 Â

Pore vo lum e 0.97-1.14 cm Vg

Skeleton density 1.24 g/cm

Figure 2.5 A m b e rlite  XAD-7 structure
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2.5 Literature review

Up to  date, m e ta l ion de te rm ina tion  is usually d e te rm in e d  by instrum entations. 

However, these techn iques s till have lim ita tion  as m e n tio n e d  in section 2.1. Using 

chelating agent to  fo rm  m e ta l com p lex  is w ide ly  used fo r a long tim e , th e  de tection  

lim it is s till higher than  measuring by instrum entation.

2.5.1 Determination of m etal ions using synthetic colorimetric reagent

It is w e ll know n th a t the  producing processes o f a ll reagents are usually 

com p lex ity  and also ha rm fu l fo r hum an health and e nv iro n m e n t. M oreover, its high 

price should be considered. However, it is s till p opu la r used in several proposes 

because o f its se lectiv ity. The new  synthetic co lo rim e tric  reagents fo r de te rm in a tio n  o f 

m e ta l ions in w a te r sam ples have been reported. For exam ple , a heavy m eta l 

chelating agent n a m e ly  N 1 ,N2,N4,N5-te trak is(2-m ercaptoe thyl) benzene-1,2,4,5-

tetracarboxam ide (TMBTCA) was designed w ith  four che la ting  groups. This heavy m eta l 

chelating agent having m ore  bonding sites and showed m ore a ffin ity  fo r cadm ium  and 

copper than som e tra d itio n a l com m ercia l précip itants [50]. Kaur and Kum ar (2010) 

synthesized l-am inoan thracene-9 ,10-d ione  derivatives as a c o lo rim e tric  reagent for 

m e ta l ion de tection . They stud ied the  effect o f nature and n u m b e r o f  n itrogen atom s 

on m e ta l ion sensing properties o f four d iffe ren t types o f n itrogen a to m  based on 1 - 

am inoanthracene-9,10-d ione as chrom ogenic m oiety. A ll th e  fo u r chem osensors 

showed the  response tow ard  Cu(ll), Ni(ll) and Co(ll) and also increased th e  usab ility  and 

th e  dynam ic range o f estim a tion  [19], เท addition, chem osensor based-on n a p h th o l fo r 

de tection  o f Al(lll) and Cu(ll) was reported. This sensor p ro v id e d  b o th  visual and 

fluorescen t detections. The co lo r changed from  y e llo w  to  orange and fluorescence 

enhancem ent w ith  a b a thoch ro m ic  shift upon binding to  Al(lll) in aqueous acetonitrile . 

It can also selective fo r Cu(ll) ions de tection  through io n -p ro m o te d  ox ida tion  reaction
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in aceton itrile  m edia, resulting in a selective co lo r change fro m  y e llo w  to  dark b lue 

and a fluorescence quench ing e ffect. The de tec tion  lim it was qu ite  lo w  (1 x1 0 5 M) [51],

2.5.2 Naked-eye determination of metal ions using colorimetric reagent

C olo rim e tric  m e th o d  using naked-eye d e te c tio n  is th e  basic and very 

sim ple m ethod  by th e  aid o f  c o lo r reagent. Nowadays, it is w id e ly  use fu l due to  no 

requ irem ent o f any co n v o lu te d  instrum ents or expert operators. There are m any 

reports using syn the tic  reagents fo r naked-eye dete rm ina tion  o f  m e ta l ions in aqueous 

m edium .

Suresh and co-w orkers (2010) synthesized co lo rim e tric  sensor based on 

p er-ô -am ino-p^cyc lodextrin /p -n itropheno l and investigated th e  ra tio m e tric  response 

(Aq/A ) o f  this sensor fo r d e te rm in a tio n  o f transition m e ta l cations as Fe3+ and Ru3+ in 

w ater samples. This naked-eye sensing provided the  co lo r change fro m  in tense y e llo w  

to  colorless. The se lective  com p lexa tion  o f tr iva le n t cations (Fe3+ and Ru3+) 

rationalized in princ ip le  by  several factors such as ionic radii, e le c tro n e g a tiv ity  as w e ll 

as described in FISAB th e o ry  [11].

Kaur and Sareen (2011) reported  the  synthesis o f  a co lo rim e tric  sensor 

fo r sim ultaneous dua l analysis o f  Hg2+ and Fe3+. Naked-eye d e te c tio n  o f c o lo r changes 

fo r bo th  Flg2+ (ye llo w  to  p u rp le ) and Fe3+ (ye llo w  to  red) w ere quan tified . Furtherm ore, 

th e y  coated this dye on paper strip fo r dete rm ina tion  o f Hg2+ in w a te r sam ple [52],

For Cu(ll) d e te c tio n  by naked-eye, 2 research groups re p o rte d  new ly 

designed co lor reagents. W ang e t a l. (2008) reported th a t 3 -n itro -4 -e th y le n e d ia m id o - 

n itrobenzene show ed high se lec tiv ity  and sensitivity fo r Cu2+ and a new  peak a t 525 

nm  appeared after in te raction . D etection  by naked-eye was o b ta in e d  in CH3OH/FH20  at 

pH 7.6 under the  co lo r change fro m  y e llo w  to  red [1], W hile, Kum ar e t a l. (2013) used 

th e  synthetic n inhydrin -qu inoxa line  derivative fo r d e te rm in a tio n  o f  Cu2+ in aqueous
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m edium  (ethanol: H20 , 1:9, v /v). It pe rfo rm ed high sensitivity and se lec tiv ity  w ith  the  

d e tec tion  lim it o f  3.43x10 7 M w hich  was probably the  lo w e s t concentra tion  

de term ined by naked-eye never repo rted  u n til year 2013 [53].

However, these reagents m ust be synthesized w h ich  th e  p roductio n  

m ight n o t be safe and lead to  high price due to  the  d ifficu lt masking process.

2.5.3 Determination o f m etal ions using natural colorimetric reagent

T ill now, o n ly  a fe w  reports using natural p ro d u c t as co lo rim e tric  

reagents fo r quantita tive  d e te rm in a tio n  o f m e ta l ions.

Anthocyan in  was stud ied  in various research. For long tim e  ago, Jurd 

(1966) reported th a t th e  fo rm a tio n  o f co-p igm ent-a lum inum  anthocyan in  com plexes 

depended no t o n ly  on pH b u t also on th e  type  o f organic acids w h ich  c o n s titu te d  the  

buffering system [13]. Som e reports  show ed th a t anthocyanin and an thocya n id in  w ith  

o -d ihydroxy l group (Cy, Dp, Pt) co u ld  be fo rm ed m eta l-an thocyan in  com plexes. เท 

addition, it was found  th a t th e  p resented b lue  co lo r in p lan t due  to  co m p le xa tio n  o f 

anthocyanin  and Al, Fe, Cu, รท, Mg and Mo [54, 55], The results agreed w ith  th e  

research o f M oncada e t a t. (2003). They studied the  in teraction  o f Al(lll) and th e  

existence o f ca techo l u n it in syn the tic  flavy lium  salts and na tu ra l an thocyan in . It was 

fo u n d  th a t tr iva le n t a lu m in iu m  had a strong a ffin ity  to  the  ca te ch o l u n it (Figure 2.6) 

and cou ld  stabilize th e  b lue  c o lo r in fo rm  o f com plex o f ionized q u in o id o l base (one 

o f anthocyanin structure) [15].

Catechol unit

Figure 2.6 C atecho l un it o f  anthocyanin s tructure
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Smyk e t a l. (2008) investigated the  interaction b e tw e e n  cyanid in  3- 

glucoside and Cu(ll) in a m e th a n o l-w a te r so lvent and in a phosphate  buffer. The 

reduction o f Cu(ll)-CuO) was firs t occurred and oxidation o f Cy 3-glc th e n  to o k  place 

and the  longer w avelength was occurred. เท addition, they  also stud ied  th e  kinetic o f 

this com plex. The in teraction  o f  Cy 3-glc and Cu(ll) ions had tw o  stages; “ fa s t” at the  

shot beginning period and “ s lo w ” to  th e  end o f reaction [14].

Ukwueze e t a l. (2009) reported  the  poten tia ls  o f  3, 3 1, 4 1, 5, 7 

pentahydroxyflavylium  o f  Hibiscus rosa-sinensis L. flowers as a ligand fo r q uan tita tive  

dete rm ina tion  o f Pb(ll), Cd(ll) and Cr(VI) by UV-Visible spectro p h o to m e try . This m e th o d  

cou ld  sim ultaneous those 3 m e ta l ions by varying pH o f the  so lu tio n . Pb(ll) co m p le x  

was form ed at pH 4.2 ( ^ max = 555 nm , in m ethanol). Cr(lll) co m p le x  was fo rm e d  at pH

1.0 (X max = 682 nm, m e th a n o l and e thano l) w h ile  a Cd(ll) co m p le x  was fo rm e d  a t pH

3.0 ( ^ max = 706 nm in m e th a n o l and 679 nm  in ethanol) [26],

Interestingly, th e  re la tive  research o f Fuleki and Francis (1967) show ed 

th a t lead acetate cou ld  be proposed  as a co lorim etric  reagent fo r d e te c tio n  o f 

anthocyanin  which consisted o f ca te ch o l un it in its structure. The reaction  was faster 

and the  co lor change was m ore de fin ite  than those reacted w ith  AICI3 [56].

Moreover, Borsari e t a l. (2002) reported th a t cu rcum in iod  (curcum in  and 

diacetylcurcum in) was used as a ligand fo r Fe(lll). The coord ina tion  o f  cu rcu m in io d  and 

Fe(lll) was occurred through p-d ike tone  structure to  fo rm  th e  stab le  c o m p le x  [57],
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2.5.4 Modified solid sorbent for coloring sensor

Applications o f modified solid sorbent as coloring sensors have been 

reported. All of designs based on colorimetric reagents properties cooperated together 

with the high quality o f solid sorbents such as high surface area, stability, low cost, etc. 

The advantages of using these solid sensors were easy to detect, high sorption 

capacity, high stability [58, 59], convenient for keeping, easy to  deposit and even 

reusable [60].

Polyacrylonitrile fiber was first aminating with ethylenediamine and then 

covalently immobilizing with 4-(2-pyridylazo)-l,3-benzenediol (PAR). The modified 

sorbent was applied for Hg2+, Pb2+, Cd2+, Zn2+, Ni2+ and Cu2+ with a color change from 

red-orange to dark-brown in neutral solution. Decreasing in pH such as at pH 3.0, it 

showed a color change only for Hg2+ and Cu2+ [58], เท addition, polyacrylonitrile fiber 

was also used as acid-base indicator by functionalizing and immobilizing with 

tetraethylenepentamine and the mixture o f ethyl orange and phenolphthalein, 

respectively. The color changed from deep pink (pH < 1.1) to yellow  (1.1 < pH < 13.0) 

and then to dark violet (pH > 13.0) [59],

Hydrogel was also newly developed and applied for Fe(lll) detection. 

The naked-eye colorimetric hydrogels were synthesized using 2- 

hydroxyethylmethacrylate (HEMA) and acrylamide (AAm) as the primary monomer and 

N-(rhodamine-6 G)lactam-N'-acryloyl-ethylenediamine as co-monomer by free radical 

polymerization. This sensor was applied for water sample analysis and also reusable 

[60],

Matsunaga e t  o l .  (2005) designed the chelating resin having p- 

hydroxypropyl-di (p-hydroxyethyl) amino moiety for determination o f As(v) in liquid 

medium by coating with molybdenum as a colorimetric reagent. The resin beads 

showed greenish blue in the presence o f a reducing agent under acidic conditions and
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the intense color was depended on As(v) concentration. Detection limit was found to 

be 1x106 M and probably be 1x107 M for long time reaction [61].

The summary o f some modified solid sorbent as coloring sensor 

described above are shown in Table 2.6.

Table 2.6 Modified solid sorbents as coloring sensor and its applications

Solid sorbent Reagent Analyte

Polyacrylonitrile fiber with 4-(2-pyridylazo)-l,3- - HgZ+, Pb2+1 Cd2+, Zn2+,

ethylenediamine [58] benzenediol Ni2+ and Cu2+ (neutral

solution)

- Hg2+ and Cu2+ (pH 3.0)

Polyacrylonitrile fiber with Ethyl orange and Acid-base indicators

tetraethylenepentamine [59] phenolphthalein

Hydrogel [60] Rhodamine Colorimetric naked-eye

sensors for Fe3+

Chelating resin having Molybdenum Trace As(v) in aqueous

(3-hydroxypropyl-di media

(p-hydroxyethyl) amine (HDEA) [61]
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