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A novel colorimetric sensor based on silver nanoplates (AgNPls) for 

detecting nickel ions (Ni(ll)) has been developed. Glutathione (GSH) and L-cysteine 
(Cys) have been used to modify the AgNPls surface, exhibiting extremely high 
selectivity towards Ni(ll) over other metal ions under specific conditions. Upon 
addition of Ni(ll) to the modified AgNPls solution, color change can be clearly 
observed by naked eyes due to the aggregation of AgNPls induced by the binding 
between Ni(ll) and the ligands. To verify a complete self-assembly of the GSH and 
Cys onto AgNPls suface, the modified AgNPls were characterized using fourier 
transform infrared spectroscopy (FTIR), ultraviolet-visible spectroscopy (UV-vis), and 
transmission electron microscopy (TEM), respectively. เท addition, various 
parameters for Ni(ll) quantification including modifier ratio, pH effect, incubation 
time, and interferences were investigated. From UV-vis spectrophotometric 
measurement of Ni(ll) under optimal conditions, a quantitative linearity was 
established in the range of 10-150 ng/mL (R2 = 0.9971) with the detection limit of
7.02 ng/mL or 120 nM (S/N=3), determine Ni(ll). Furthermore, this sensor has been 
applied to the determination of Ni(ll) in real gold plating solutions from a jewelry 
factory with satisfactory results. Overall, this alternative approach presents a 
simple, rapid, sensitive, and selective detection of Ni(ll).

Department: Chemistry
Field of Study: Chemistry 
Academic Year: 2013

Student's Signature !V  ะ ! ' ร ุ\V นุÏ* .Offi71 717. x s rAdvisors Signature ....บบ......71.0.7:7....... .
Co-Advisor's Signature



VI

ACKNOWLEDGEMENTS

First of all, I am heartily grateful and sincerely appreciating to my thesis 
advisor, Professor Dr. Orawon Chailapakul, for her helpful advice, kind encouragement 
and excellent support throughout my Master's Degree study at Chulalongkorn 
University. I am also coordially thankful to my thesis co-advisor, Assistant Professor Dr. 
Narong Praphairaksit, for his kind advice and encouragement.

Furthermore, I would like to thank my thesis examination committee, 
Associate Professor Dr. Vudhichai Parasuk and Associate Professor Dr. Nattaya 
Ngamrojnavanich who gave helpful comments and suggestions in this thesis. My sincere 
appreciation is also extended to Assistant Professor Dr. Weena Siangproh for her 
excellent and helpful comments.

I especially would like to thank Associate Professor Dr. Sanong Ekgasit, Sensor 
Research Unit at the Department of Chemistry, Chulalongkorn University, for the 
synthesis of AgNPls.

An important factor in this thesis, I sincerely appreciate the Center of 
Excellence on Petrochemical and Materials Technology (PETROMAT) and the 90th 
Anniversary of Chulalongkorn University Fund (Ratchadaphiseksomphot Endowment 
Fund) for financial support.

Special thanks are also extended to the members of Electrochemistry and 
Optical Spectroscopy Research Unit, for their help, kindness and warm friendship. I also 
would like to thank Mr. Poomrat Rattanarat who gave constructive advices and 
suggestions to improve my writing skills.

Finally, my thesis, my education and my life would not have been successful
without my beloved family who were always by my side and supported me in every
way.



CONTENTS
Page

ENGLISH ABSTRACT................................................................................................................ V
ACKNOWLEDGEMENTS...........................................................................................................vi
CONTENTS..............................................................................................................................vii
LIST OF TABLES...................................................................................................................... xi
LIST OF FIGURES...................................................................................................................xiii
ABBREVIATIONS..................................................................................................................... xvi
CHAPTER I INTRODUCTION..................................................................................................... 1

1.1 Introduction....................................................................................................... 1
1.2 Objective of the research................................................................................3
1.3 Scope of the research......................................................................................3

CHAPTER II THEORY AND LITERATURE SURVEY....................................................................5
2.1 Nickel.................................................................................................................. 5

2.1.1 Chemistry and application of nickel...............................................................5
2.1.2 Nickel in gold plating solutions [6 ]..................................................................6

2.1.3 Environmental exposure..................................................................................7
2.1.4 Health effect......................................................................................................8

2.1.5 Conventional method for nickel (Ni(ll)) determination [14]....................... 10
2.2 Colorimetric method [15, 16].........................................................................10
2.3 Nanoparticles [19, 20]..................................................................................... 12

2.3.1 Localized surface plasmon resonance (LSPR) [25, 26]................................16
2.3.2 Silver nanoparticles.........................................................................................18
2.3.3 Modified surface of nanoparticles (NPs) [30]...............................................19

2.4 Ultraviolet-visible spectrophotometry [31]................................................. 21
2.5 Literature survey............................................................................................. 26

2.5.1 Conventional methods for Ni(ll) detection.................................................. 26
2.5.2 Colorimetric methods for Ni(ll) detection.................................................... 30

THAI ABSTRACT.................................................................................................................. iv



viii

Ige
32
34
34
34
34
35
35
35
35
36
36
37
37
37
38
40
40
40
40
40
40

.41

.41

.41

.41

.41

.42

2.5.3 Metal nanoparticles-based colorimetric methods for Ni(ll) detection
CHAPTER III EXPERIMENTAL.....................................................................

3.1 Modification of AgNPls with GSH and Cys.......................
3.1.1 Instruments and equipment.............................................
3.1.2 Chemicals............................................................................
3.1.3 Chemical preparation........................................................

3.1.3.1 50 mM glutathione solution (25 mL)..................
3.1.3.2 50 mM cysteine solution (25 mL).......................

3.1.4 Methodology......................................................................
3.2 Characterization of GSH-Cys-AgNPls.................................

3.2.1 Instruments and equipments...........................................
3.2.2 Methodology......................................................................

3.3 GSH-Cys-AgNPls based colorimetric detection of nickel
3.3.1 Instruments and equipment.............................................
3.3.2 Chemicals............................................................................
3.3.3 Chemical preparation........................................................

3.3.3.1 0.05 M phosphate buffer pH 8.0 (500 mL)........
3.3.3.2 0.1 M nitric acid solution (1000 mL)...................
3.3.3.3 Nickel stock solution (25 mL).............................
3.3.3.4 Mercury stock solution (25 mL).........................
3.3.3.5 Arsenic stock solution (25 mL)..........................
3.3.3.6 Cobalt stock solution (25 mL)...........................
3.3.3.7 Zinc stock solution (25 mL)................................
3.3.3. 8  Gold stock solution (25 mL)...............................
3.3.3.9 Platinum stock solution (25 mL)........................
3.3.3.lORhodium stock solution (25 mL)........................
3.3.3.11 Silver stock solution (25 mL)............................



Page
3.3.3.12lron (III) stock solution (25 กาบ........................................................ 42
3.3.3.13lron (II) stock solution (25 m l).........................................................42
3.3.3.14Copper stock solution (25 เทL)........................................................42
3.3.3.15Cadmium stock solution (25 mL)...................................................42
3.3.3.16Lead stock solution (25 mL)............................................................43
3.3.3.17Sodium stock solution (25 mL)........................................................43
3.3.3.18Potassium stock solution (25 mL)................................................... 43
3.3.3.19Calcium stock solution (25 mL)....................................................... 43
3.3.3.20Magnesium stock solution (25 mL)................................................. 43

3.3.4 Methodology................................................................................................... 44
3.4 Characterization of GSH-Cys-AgNPls aggregated with nickel........................44

3.4.1 Instruments and equipments........................................................................ 44
3.4.2 Methodology...................................................................................................45

3.5 Analytical performance..................................................................................46
3.5.1 Linearity........................................................................................................... 46
3.5.2 Limit of detection (LOD).................................................................................46
3.5.3 Limit of quantitation (LOQ)............................................................................46
3.5.4 Repeatability....................................................................................................46

3.6 The determination of nickel in real sample............................................... 47
3.6.1 Instruments and equipments........................................................................ 47
3.6.2 Chemicals........................................................................................................ 47
3.6.3 Sample preparation and validation of proposed method with ICP-OES.48

CHAPTER IV RESULTS AND DISCUSSION............................................................................. 49
4.1 Characterization of GSH-Cys-AgNPls..............................................................49
4.2 GSH-Cys-AgNPls based colorimetric detection of nickel.............................. 51
4.3 Characterization of Ni-GSH-Cys-AgNPls aggregates......................................53
4.4 Optimization of the modifier ratio................................................................54

ix



X

ige
56
58
59
62
62
64
64
66
67
67
68
69
77
85

4.5 Optimization of pH.............................................................................
4.6 Optimization of incubation times.....................................................
4.7 Selectivity of GSH-Cys-A§NPls toward Ni(ll) detection....................
4.8 Analytical performance.....................................................................

4.8.1 Calibration curve................................................................................
4.8.2 The limit of detection (LOD) and the limit of quantitation (LOQ)
4.8.3 Repeatability.......................................................................................

4.9 Analytical application in a real sample...........................................
CHAPTER V CONCLUSIONS AND FUTURE PERSPECTIVE.......................................

5.1 Conclusions.........................................................................................
5.2 Future perspective.............................................................................

REFERENCES..............................................................................................................
APPENDIX...................................................................................................................
VITA.



XI

LIST OF TABLES

TABLE PAGE

2.1 The properties and general applications of AuNPs and AgNPs [24]................... 15
2.2 Complementary colors data [17]........................................................................... 22
3.1 List of instruments and equipment for the modification of AgNPls

using GSH and Cys....................................................................................................34
3.2 List of chemicals used for the modification of AgNPls using GSH and Cys........ 34
3.3 List of instruments and equipments for the characterization of

GSH-Cys-AgNPls.........................................................................................................36
3.4 List of instruments and equipments for the GSH-Cys-AgNPls based

colorimetric detection of nickel............................................................................. 37
3.5 List of Chemicals for the GSH-Cys-AgNPls based colorimetric detection

of nickel..................................................................................................................... 39
3.6 List of instruments and equipments for the characterization of

GSH-Cys-AgNPls aggregated with nickel................................................................. 45
3.7 List of instruments and equipments for the determination of nickel

in real sample........................................................................................................... 47
3.8 List of Chemicals for the determination of nickel in real sample......................48
4.1 Various GSH and Cys ratios on the modification of AgNPls.................................54
4.2 Tolerance ratio of interfering ions in the determination of Ni(ll) 70 ppb.......... 62
4.3 The comparison of analytical performance of different colorimetric methods

using modified metal nanoparticle for the determination of Ni(ll)......................64
4.4 The relative standard deviations of colorimetric GSH-Cys-AgNPls sensor

for detecting Ni(ll) (ท=11)......................................................................................... 65



xii

5E

78

78

79

80

81

82

83

84

84

TABLE

A1 The absorbance at 618 ททา of various concentration ratio of modifier
onto AgNPls surface based colorimetric detection of 70 ppb Ni(ll).......

A2 The absorbance 618 nm of GSH-Cys-AgNPls based on colorimetric
detection Ni(ll) at different pH...................................................................

A3 The absorbance 618 nm of GSH-Cys-AgNPls based on colorimetric
detection Ni(ll) and other metals at pH 7..................................................

A4 The absorbance 618 nm of GSH-Cys-AgNPls based on colorimetric
detection Ni(ll) and other metals at pH 8..................................................

A5 The absorbance 618 nm of GSH-Cys-AgNPls based on colorimetric
detection Ni(ll) and other metals at pH 9..................................................

A6 The absorbance 618 nm of GSH-Cys-AgNPls based on colorimetric
detection Ni(ll) (pH 8) at different times....................................................

A7 A618 -  A0 of GSH-Cys-AgNPls based on colorimetric detection Ni(il) and
other metal under optimal conditions......................................................

A8 The absorbance 618 nm of GSH-Cys-AgNPls based on colorimetric
detection Ni(ll) in different concentration from 10 -  150 ppb................

A9 The absorbance at 618 nm of GSH-Cys-AgNPls and nickel level in
real gold plating solutions...........................................................................



XIII

FIGURE PAGE

2.1 Gold-plated costume jewelry (5 pirn gold-cobalt อก nickel-plated tin alloy)... 7
2.2 Jewelry allergy; (a) infected earring reaction, (b) watch strap reaction

and (c) wedding ring dermatitis [10]....................................................................... 8
2.3 Health effect from exposure to particulate nickel; (a) chronic bronchitis

and (b) cancer of nasal cavity [11, 12]................................................................... 9
2.4 A simplified diagram of colorimeter [17]............................................................... 11
2.5 A comparative overview of the sizes of well-known items and nanoscale

particles [21]..............................................................................................................13
2.6 Classification of nanostructured materials from the point of view of

nanostructure dimensions, morphology, composition, uniformity and 
agglomeration state [22]..........................................................................................14

2.7 A wide range in the electromagnetic spectrum obtained from various 
colloidal nanoparticles of different material, dimension, and shape cover.
Pd: Palladium, Pt: Platinum, Ag: Silver, Au: Gold, SiOx: Silicon oxide [27]....... 17

2.8 Selectivity of scattering plasmonic optical properties from various colloidal
AgNPs shapes (sphere, triangle and rod, respectively)....................................... 18

2.9 Absorbance spectra of various AgNPl sizes........................................................... 19
2.10 Complementary colors........................................................................................... 22
2.11 Components of a single-beam UV-vis spectrophotometer [32].........................23
2.12 Light sources; (a) deuterium lamp, (b) tungsten filament [33]........................... 23
2.13 The dispersive system; (a) diffraction grating [34], (b) prism [35]....................... 24

LIST OF FIGURES



XIV

2.14 The photomultiplier tube consists of a photocathode, an anode,
and dynodes [36]..................................................................................................... 25

2.15 The diagram of a double-beam spectrophotometer [32]...................................26
3.1 Schematic diagram for the modification of AgNPls with GSH and Cys..............36
3.2 UV-visible spectrometer HP HEWLETT PACKARD 8453

(Agilent Technologies, UK).......................................................................................38
4.1 FTIR spectra of pure GSH, pure Cys and GSH-Cys modified AgNPls.................. 50
4.2 Absorption spectra of unmodified AgNPls and GSH-Cys modified AgNPls

in aqueous solution................................................................................................. 51
4.3 Schematic of modification and aggregation process of AgNPls..........................52
4.4 Absorption spectra of dispersed GSH-Cys-AgNPls (solid) and aggregated

GSH-Cys modified AgNPls induced by the addition of Ni(ll) (dash)................... 53
4.5 TEM images of (a) dispersed GSH-Cys-AgNPls and (b) aggregated GSH-Cys

modified AgNPls induced by the addition of Ni(ll)..................................................54
4.6 Photographs of AgNPls modified by various ratios of GSH and Cys...................55
4.7 Effect of GSH and Cys ratio on the modification of AgNPls for the

detection of Ni(ll) using absorbance at 618 nm..................................................... 56
4.8 (A) UV-vis spectra and (B) Absorbance at 618 nm of GSH-Cys-AgNPls

solutions with different pH ranging from 2.5 to 11.0 when adding Ni(ll) 
solution...................................................................................................................... 57

4.9 pH effect on selectivity towards Ni(ll) detection in the presence of
other metals..............................................................................................................58

FIGURE PAGE



XV

4.10 Effect o f in cu b a tio n  tim e  on  a b so rb a n c e  a t 618 nm  o f GSH-Cys-AgNPls

w ith th e  p re s e n c e  o f Ni(ll).......................................................................................................... 59

4.11 (A) P h o to g rap h s , (B) UV-vis sp ec tra  o f GSH-Cys-AgNPls c o n ta in e d  with 

various m e ta l  ions includ ing  Fe(ll), Fe(lll), As(lll), Co(ll), Cu(ll), Cd(ll), Pb(ll),

Zn(ll), Hg(ll). Au(lll), Rh(li), Pt(ll), Agio, Nad), K(l), Ca(li), Mg(ll)....................................... 60

4 .12  T h e  c o m p a riso n  o f su b tra c te d  a b so rb a n c e  o f GSFl-Cys m odified  AgNPls

in th e  p re s e n c e  o f Nidi) an d  o th e r  foreign m e ta ls ........................................................ 61

4 .13  T he UV-vis sp e c tra  of GSH-Cys-AgNPls so lu tio n s  w ith various 

c o n c e n tra tio n s  o f Nidi) ranging from  10 to  150 p p b  w ith in cu b a tio n  tim e:

6 m in ...................................................................................................................................................63

4 .14  C alib ra tion  p lo t o f  th e  a b s o rb a n c e  a t 618 nm  v ersu s  various Nidi) 

c o n c e n tra tio n s  includ ing  10 p p b , 25 p p b , 50 p p b , 75 p p b , 100 p p b ,

125 p p b , a n d  150 p p b ................................................................................................................. 63

4.15 T he stab ility  o f a b so rp tio n  sp ec tra  a t 618 nm  using co lo rim e tric  

GSFl-Cys-AgNPls se n so r  for d e te c tin g  Nidi) in o p tim a l co n d itio n

(GSH : Cys = 1:5, p h o s p h a te  buffer pH 8.0 1a n d  in c u b a tio n  tim e  6 m in)........... 65

FIGURE PAGE



xvi

ABBREVIATIONS

AAS a to m ic  a b so rp tio n  sp e c tro m e try

ICP-MS in d u c tiv e ly  c o u p le d  p la sm a  m ass  sp e c tro m e try

ICP-AES in d u c tiv e  co up ling  p la sm a  a to m ic  em ission  sp e c tro sc o p y

MNPs m e ta l  n a n o p a rtic le s

AuNPs gold n a n o p a rtic le s

AgNPs silver n a n o p a rtic le s

NPs n a n o p a rtic le s

LSPR lo ca lized  su rface  p la sm o n  re so n a n c e

GSH g lu ta th io n e

Cys L -cyste ine

AgNPls silver n a n o p la te s

WHO W orld H ealth  O rganization

EPA U nited  S ta te s  E n v iro n m en ta l P ro tec tio n  A gency

Ni nickel

Ag silver

Au gold

Cu c o p p e r

uv u ltrav io le t

Pd p a llad iu m



Pt platinum

FTIR fourier transform infrared spectroscopy

SiOx Silicon oxide
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RSD relative standard deviation
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