
 
i

TABLE OF CONTENTS 
 

                  Page 
 
TABLE OF CONTENTS……………………………………………………….i 
 
LIST OF TABLES……………………………………………………………..ii 
 
LIST OF FIGURES…………………………………………………………...iv 
 
LIST OF ABBREVIATIONS………………………………………...……...viii 
 
INTRODUCTION……………………………………………………………...1 
 
LITERATURE REVIEW……………………………………………………....3 
 
MATERIALS AND METHODS…………………………………………………....16 
 

Materials……………………………………………...………………..16 
 
Methods……………………………………………...………………...19 
 

RESULTS AND DISCUSSION……………………………………………...29 
 
CONCLUSIONS…………………………………………………..………………...64 
 
SUGGESTION FOR FUTURE WORK……………………………………………..64 
 
LITERATURE CITED……………………………………………………..………..65 
 
APPENDIX……………………………………………………..…………….70 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
ii

LIST OF TABLES 
 
Table                  Page 
 
1  The characteristics of the Trypan Blue or Direct Blue 14………….…18 
 
2 Instrumental parameters for the graphite furnace AA spectrometer…..21 
 
3 Gradient mobile phase program for LC/DAD analysis 

of Trypan Blue………………………………………………………...23 
 
4 Gradient mobile phase program for LC/DAD analysis 

of Trypan Blue spiked in wastewater………………………………….24 
 
5 General ion source parameters in PI and NI modes for  

infusion MS experiments……………………..……………………….24 
 

6 Optimal parameters of purposed intermediates in  
product scan mode with time-scheduled detection  
program for LC/APCI/MS/MS, NI mode.………………………..…...25 

 
7 Optimal parameters of purposed intermediates in  

product scan mode with time-scheduled detection  
program for LC/APCI/MS/MS, PI mode.……………………………..26 

 
8 Gradient mobile phase for LC/APCI/MS/MS analysis………………..26 
 
9 Gradient profile for the chromatographic separation 

of anion intermediates by anion-exchange IC………………..…..…....27 
 

10 The physical properties of original wastewater ……………………....28 
 
11 The yield of gold on TiO2 in the term of wt% using  

graphite furnace AA spectrometer…………..………………………...31 
 

12 Apparent first-order rate constant (k), reaction rate (R)  
and t1/2 of the photodegradation of 5.20 x 10-5 M  
Trypan Blue at different gold loading………………………………....36 
 

13 Apparent first-order rate constant (k), reaction rate (R)  
and t1/2 of the photodegradation of 2.60 x 10-5 M  
Trypan Blue at various calcination temperatures……………………...39 
 
 
 



 
iii

LIST OF TABLES (Cont’d) 
 

Table                  Page 
 

14 Apparent first-order rate constant (k), reaction rate (R)  
and t1/2 of the photodegradation of 2.08 x 10-5M 
Trypan Blue at different pH levels …....................................................43 
 

15 Apparent first-order rate constant (k), reaction rate (R)  
and t1/2 of the photodegradation of 5.20 x 10-5 M Trypan 
Blue at different gold/TiO2 dosages ………………………………..…46 

 
16 Apparent first-order rate constant (k), reaction rate (R)  

and t1/2 of the photodegradation of various initial 
concentrations of Trypan Blue with 0.36 wt% gold/TiO2  
and initial pH 7………………………………..……………………….47 

 
17 The standards and their retention times on  

LiChrospher®60 RP-select B column……………………………..…..49 
 

18 MS/MS transitions and retention time of five aromatic 
amines and four organic acids studied in this work…..……………....53 
 

19 The retention time and calibration curve data of  
studied acids and inorganic products………………………………….57 

 
 
Appendix Table 
 
1 List of chemicals used in this study…………………………………...71 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
iv

LIST OF FIGURES 
 
Figure                 Page 
 
1  Structure formula of Trypan Blue (Direct Blue 14)……..………...……2 
 
2 Schematic of solar-light simulating photoreactor………..……………16 
 
3 Absorption and reduction of [AuCl4]- ions on the TiO2 surface…..…..20 
 
4 Absorption spectrum of the aqueous solution of 2.60 x 10-5 M 

Trypan Blue at the pH of 7…………………………………...………..29 
 
5 Scanning electron microscope (SEM) image of 0.36 wt% 

Au/TiO2 particles calcined at 400 °C …………………………...…….30 
 

6 Calibration curve of the determination of gold by  
graphite furnace AA spectrometer, instrumental parameters  
as described in Table 2………………………………………………...30 
 

7 Color change of 2.60 x 10-4 M Trypan Blue at pH 7 (natural)  
with 5 gL-1 of 0.36 wt% gold/TiO2 suspension following  
photocatalytic degradation at various irradiation time ……………......33 
 

8 Absorption spectra of 2.60 x 10-4 M Trypan Blue at pH 7 (natural)  
with 5 gL-1 of 0.36 wt% gold/TiO2 suspension following  
photocatalytic degradation at various irradiation time ……………..…33 

 
9 The exponential decay of Trypan Blue in a first order reaction 

of 5.20 x 10-5 M, pH 7…...…….……………………………....………35 
 

10 The first order kinetics of Trypan blue photodegradation in 
the presence of gold/TiO2 with an initial concentration  
of 5.20 x 10-5 M, pH 7……………........................................................35 
 

11 The first-order rate constants (k) of Trypan Blue photodegradation  
in the presence of gold/TiO2 in term of wt% with an initial 
concentration of 5.20 x 10-5 M, pH 7………………………….…..…..36 
 

12 The exponential decay of the reactant in a first-order reaction  
of 2.60 x 10-5 M of Trypan Blue (corresponding to 25 mg/L), 
an initial pH 7, in the presence of 0.36 wt% gold/TiO2 at 
various calcination temperatures……………………………….……...37 

 
 



 
v

LIST OF FIGURES (Cont’d) 
 

Figure                 Page 
 

13 The first order kinetics of Trypan Blue photodegradation 
in the presence of 0.36 wt% gold/TiO2 with an initial  
concentration of 2.60 x 10-5 M, pH 7……………………………..…...38 
 

14 The first-order rate constants (k) of Trypan Blue  
Photodegradation in the presence of 0.36 wt% gold/TiO2  
with an initial concentration of 2.60 x 10-5 M, pH 7…………..……....38 
 

15 UV/Vis spectral changes of Trypan blue in the presence of  
gold/TiO2 as a function of irradiation time (initial represents to 
absorption spectrum before the addition of the photocatalyst). 
Experimental conditions; [Trypan blue] = 2.08 x 10-5 M, 8 ml, 
[gold/TiO2] = 2.5 mg…………………………………………………..40 
 

16 The first order kinetics of Trypan Blue photodegradation 
in the presence of 0.36 wt% gold/TiO2 at pH 7, 9, 11, 3 and 5, 
respectively………………………………………..…………………..42 
 

17 The first-order rate constant (k) of Trypan Blue  
photodegradation in the presence of 0.36 wt% gold/TiO2  
with an initial concentration of 2.08 x 10-5 M………………………....42 
 

18 UV/Vis spectral changes of Trypan blue in the presence of gold/TiO2 
as a function of irradiation time (initial represents to absorption 
spectrum before the addition of the photocatalyst). Experimental 
conditions;[Trypan blue] = 5.20 x 10-5 M, 8 ml, pH 7………………...44 
 

19 Relative absorbance vs. time profile during irradiation of 
Trypan blue in an aqueous solutions on the gold/TiO2…………..……45 
 

20 The first-order rate constant (k) of Trypan Blue  
Photodegradation in the presence of 0.36 wt% gold/TiO2  
with an initial concentration of 5.20 x 10-5 M…………………………45 

 
21 Degradation of various initial concentrations of Trypan Blue 

with 0.36 wt% gold/TiO2 and initial pH 7…………….....................…47 
 

22 Absorption spectra of 5.20 x 10-5 M Trypan Blue at pH 7 (natural)  
with 1 gL-1 of 0.36 wt% gold/TiO2 suspension following 
photocatalytic degradation at various irradiation time ………...……...48 

 



 
vi

LIST OF FIGURES (Cont’d) 
 
Figure                 Page 
 
23 a)  The exponential decay, and b)  the first order kinetics  

of 5.20 x 10-5 M of Trypan Blue, an initial pH of 7 in  
the presence of 0.36 wt% gold/TiO2 at 1.0 gL-1……………………….48 

 
24 Chromatogram of 5.20 x 10-5 M Trypan Blue with  

1 gL-1 0.36 wt% gold/TiO2 suspension at pH 7…………………….....51 
 

25 Chromatogram of 5.20 x 10-5 M Trypan Blue with  
1 gL-1 0.36 wt% gold/TiO2 suspension at pH 7  
after irradiation time of 50 min..………………………………………52 

 
26 Chromatogram of 5.20 x 10-5 M Trypan Blue with  

1 gL-1 0.36 wt% gold/TiO2 suspension at pH 7  
after irradiation time of 2 h 15 min.…...................................................52 
 

27 Profile of photodegradation products of Trypan Blue ………………..53 
 

28 Chromatograms of Trypan Blue degraded for 6 h and peak  
at 1.856 min monitored in product ion scan MS/MS…………...……..55 
 

29 A typical Q1 scan in negative ion mode and product ion scan  
of the m/z 115 of maleic acid…………………………………..……...56 
 

30 Ion Chromatogram of reaction products of 5.20 x 10-5 M  
Trypan Blue in 1 gL-1 0.36 wt% gold/TiO2 suspension at pH 7……....58 

 
31 Concentration profile of photodegradation products of  

Trypan Blue………….………………………………...………...…….59 
 
32 Absorption spectra Trypan Blue at pH 7 (natural) in the presence  

of a) 0.36 wt% gold/TiO2 and b) TiO2, under natural sun light…….....60 
 

33 Absorption spectra of textile wastewater, reactive dye  
group, with 1 gL-1 of 0.36 wt% gold/TiO2 suspension following 
photocatalytic degradation at various irradiation time ……………......60 
 

34 a)  The exponential decay, and b)  the first order kinetics of  
reactive dye wastewater, pH value was adjusted to 7, in  
the presence of 0.36 wt% gold/TiO2 at 1.0 gL-1……………………….61 
 
 



 
vii

LIST OF FIGURES (Cont’d) 
 
Figure                 Page 
 
35 Chromatogram of textile wastewater, reactive dye group, with  

1 gL-1 of 0.36 wt% gold/TiO2 suspension following  
photocatalytic degradation at various irradiation time……………..….61 
 

36 Chromatogram of 5.20 x 10-5 M Trypan Blue spiked in 
reactive dye wastewater in the presence of 1 gL-1 0.36 wt% 
gold/TiO2………………………………………………………………62 

 
37 Chromatogram of 5.20 x 10-5 M Trypan Blue spiked in reactive 

dye wastewater in the presence of 1 gL-1 0.36 wt% gold/TiO2. 
after 2 h of irradiation time …………………………….……………..63 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
viii

LIST OF ABBREVIATIONS 
 

List of terms 
 

ACN   Acetonitrile 
AOPs  Advanced oxidation processes 
APCI   Atmospheric pressure chemical ionization 
API   Atmospheric pressure ionization 
BOD  Biological oxygen demand 
DAD   Diode array detector 
CE   Collision cell energy 
CID   Collision induced dissociation 
COD  Chemical oxygen demand 
CUR   Curtain gas 
CXP   Collision cell exit potential 
DP   Declustering potential 
ε  Molar absorption coefficient 
e-

CB  Conduction band electrons 
ECD   Electron capture detector 
EP   Entrance potential 
ES   Electrospray 
FP   Focusing potential 
h+

VB  Valence band holes 
HO2

•  Peroxyl radicals 
HPLC  High performance liquid chromatography 
k Rate constant (in the Langmuir-Henshelwood adsorption 

isotherm) 
K Adsorption capacity of the organic compound on the 

catalyst surface (in the Langmuir-Henshelwood 
adsorption isotherm) 

EGC-KOH Eluent Generater Catridge Potassium Hydroxide 
LC   Liquid chromatography 
m/z   Mass to charge ratio 
MCA   Multi component analysis 
MeOH  Methanol 
MP   Mobile phase 
MRM  Multiple reaction monitoring 
MS/MS  Tandem mass spectrometry 
NI   Negative ionization 
O2

•-  Superoxide ion radicals 
O3  Ozone 
PI   Positive ionization 
r2   Correlation coefficient 
R.S.D.  Relative standard deviation 
SD   Standard deviation 



 
ix

List of terms (Cont’d) 
 
SIM   Selected ion monitoring 
tR   Retention time 
TEM  Temperature 
TiO2  Titanium dioxide 
TOC  Total organic carbon 
UV  Ultraviolet-Visible 
λmax  Maximum absorption wavelength 


