
CHAPTER I

INTRODUCTION

1.1 Introduction

P a ra b e n s  (a lk y l e s te rs  o f  p  h y d ro x y b e n z o ic  a c id )  h a v e  b e e n  w id e ly  u s e d  as 

p re s e rv a tiv e s  fo r  m a n y  y e a rs  in  b e v e ra g e s , fo o d ,  a n d  p h a r m a c e u t ic a l p r o d u c ts  a n d  

e s p e c ia lly  in  c o s m e t ic  p ro d u c ts .  T h e s e  c o m p o u n d s  a n d  th e ir  s a lts  a re  u s e d  p r im a r i ly  

f o r  a n t i- m ic r o b ia l  a c t iv it ie s .  P a ra b e n s  b e c o m e  p o p u la r  p re s e rv a tiv e s  b e c a u s e  o f  th e ir  

b io d e g r a d a b i l i ty  a n d  s ta b i l i t y  in a ir a n d  in  s o lu t io n s ,  e f f ic ie n c y  in  w id e r  p H  ra n g e s , 

n o n - v o la t i l i t y ,  a n d  o th e r  p ro p e r t ie s  s u c h  as lo w  c o s t ,  n o  c o lo r ,  re s is ta n c e  t o  

h y d ro ly s is ,  a n d  th e ir  b ro a d  a n t im ic r o b ia l  s p e c t ru m  [1 -7 ]. T h e  a n t im ic r o b ia l  a c t iv i t ie s  

o f  t h e  p a ra b e n s  in c re a s e  w h e n  th e  le n g th  o f  its  a lk y l c h a in  in c re a s e s  b u t  w i th  

d e c re a s in g  s o lu b i l i t y .  M o re o v e r ,  tw o  o r  m o r e  p a ra b e n s  c a n  o f t e n  b e  u s e d  to g e th e r  t o  

a c h ie v e  s y n e rg is t ic  e f fe c ts ;  M e th y l a n d  P ro p y l p a ra b e n  m ix tu re s  a re  t h e  m o s t  

c o m m o n ly  u s e d  [8, 9 ], H o w e v e r , h ig h  d o s e s  o f  th e s e  c o m p o u n d s  a re  d a n g e ro u s  fo r  

t h e  c u s to m e rs  th e y  c a n  c a u s e  a lle rg ic  c o n ta c t  d e rm a t i t is  [5 , 10 ], p r o d u c e  in h ib i to r y  

e f fe c ts  o n  m ito c h o n d r ia l  r e s p ira to ry  c a p a c ity ,  a n d  e l im in a te  t h e  h u m a n  r e p r o d u c t iv e  

p o t e n t ia l  as w e l l  as p r o m o te  b re a s t c a n c e r  16, 11, 12]. T h e re fo re ,  t h e  u s e  o f  

p a ra b e n s  ha s b e e n  l im i te d  b y  th e  E u ro p e a n  E c o n o m ic  C o m m u n i ty  (EEC); i.e. th e  

m a x im u m  c o n c e n t r a t io n  a l lo w e d  in  c o s m e t ic s  is 0 .4 %  ( พ / พ )  fo r  s in g le  p a ra b e n  a n d  

u p  t o  0 .8  %  ( พ / พ )  fo r  th e ir  m ix tu re s ,  a n d  th e  m a x im u m  th r e s h o ld s  o f  p a ra b e n  

c o n c e n t r a t io n  เท fo o d s tu f fs  a n d  p h a r m a c e u t ic a l p ro d u c ts  a re  0 .1 %  ( พ / พ )  a n d  1%  

( พ /พ ) ,  r e s p e c t iv e ly  [1 3 , 14].
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Figure 1.1 Structures of parabens in this work

Various analytical methods have been utilized for the determination of 

parabens, for instance, UV-spectroscopy coupled with high performance liquid 

chromatography (HPLC) [15-17], flame ionization detection (FID) in gas 

chromatography (GC) [18], mass spectrometry (MS) [11, 19], Electrochemical 

detection (ECD) is an alternative and very attractive detection method for the 

determination of parabens because of its low cost, simplicity, fast analysis, portability 

and high sensitivity. A variety of working electrodes have been established for the 

detection of parabens, including molecularly imprinted polymers (MIPs) film on 

glassy carbon electrode [20], boron doped-diamond (BDD) electrode [21] and multi­

wall carbon nanotubes (MWNTs) coupled with nafion modified glassy carbon 

electrode [22]. เท this work, screen-printed carbon electrode (SPCE) was chosen as 

the working electrode due to its inexpensiveness and ease of preparation and 

modification. However, the use of ๐ bare SPCE may be limited by its inadequate 

sensitivity. To improve the sensitivity, nanomaterials such as carbon nanotubes 

(CNTs), carbon nanofibers (CNFs) and carbon nanodots (CNDs), have been employed 

to modify the working electrodes and increase its surface area [23-25].
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G ra p h e n e  (G) is a m o n o la y e r ,  c r y s ta l l in e  a l lo t r o p e  o f  c a r b o n  w h ic h  is d e n s e ly  

p a c k e d  in  a re g u la r  s p ' - b o n d e d  a to m  in to  a t w o  d im e n s io n a l h o n e y c o m b  la tt ic e s .  

G ra p h e n e  has b e e n  w id e ly  s tu d ie d  in  d i f fe r e n t  f ie ld s  d u e  t o  Its  g o o d  p h y s ic a l a n d  

c h e m ic a l  p ro p e r t ie s .  R e c e n tly ,  g ra p h e n e  has b e c o m e  a p o p u la r  n a n o m a te r ia ls  in 

e le c t r o c h e m is t r y  b e c a u s e  it  e x h ib i ts  m a n y  d e s ir a b le  e le c t r o c h e m ic a l  p r o p e r t ie s  s u c h  

as la rg e  s u r fa c e  a re a , h ig h  e le c t r ic a l  c o n d u c t iv i ty ,  a n d  ra p id  e le c t r o n  t ra n s fe r .  D e s p ite  

its  n u m e r o u s  d e s ira b le  p ro p e r t ie s ,  t h e  u n c o n t r o l le d  a g g lo m e r a t io n  o f  g ra p h e n e  d u e  

t o  a t t r a c t iv e  v a n  d e r  w a a ls  fo rc e s  c a n  o c c u r  a n d  r e s u lt  in  its  in h o m o g e n e i ty  [2 6 -2 8 ], 

T h e r e fo r e ,  p o ly a n i l in e  (P A N I) a n d  p o ly v in y lp y r r o l id o n e  (PVP) w e r e  a d d i t io n a l ly  u s e d  

t o  in c re a s e  t h e  d is p e r s ib i l i ty  o f  g ra p h e n e . PANI is a n  o u ts ta n d in g  c o n d u c t in g  p o ly m e r  

a n d  i t  is w id e ly  u s e d  fo r  e le c t r o d e  m o d if ic a t io n  in  e le c t r o c h e m ic a l  b io s e n s o rs  

b e c a u s e  o f  its  e x c e l le n t  e le c t r o c h e m ic a l  p ro p e r t ie s ,  e a s e  o f  s y n th e s is  a n d  

fu n c t io n a l iz a t io n ,  h ig h  e n v ir o n m e n ta l  s ta b il i ty ,  a n d  lo w  to x ic i t y  [2 3 , 2 9 ], เท a d d it io n ,  It 

h a s  b e e n  r e p o r te d  t h a t  u s in g  PVP c a n  s ta b il iz e  h ig h  c o n c e n t r a t io n  o f  g ra p h e n e  in  a n y  

o rg a n ic  s o lv e n t  [30J. F o r t h e  fa b r ic a t io n  o f  G /P V P /P A N I m o d if ie d  SPCE, e le c t ro s p ra y in g  

w a s  c h o s e n  b e c a u s e  o f  its  s im p lic i ty ,  h o m o g e n e ity  o f  d r o p le t  a n d  in e x p e n s iv e n e s s .

R e c e n tly ,  t h e r e  ha s b e e n  r e p o r te d  th a t  G /P V P /P A N I n a n o c o m p o s i te - m o d if ie d ,  

p a p e r -b a s e d  b io s e n s o r  w a s  s u c c e s s fu lly  d e v e lo p e d  fo r  t h e  d e te r m in a t io n  o f  

c h o le s t e r o l  in  a c o m p le x  b io lo g ic a l f lu id  [3 1 ]. เท a d d it io n ,  G /P A N I n a n o c o m p o s ite  

m o d if ie d  SPCE w a s  a ls o  e f fe c t iv e ly  c o u p le d  w i th  u l t r a - p e r fo r m a n c e  l iq u id  

c h r o m a to g r a p h y  ( บ PEC) s y s te m  fo r  th e  d e te r m in a t io n  o f  e ig h t  s u l fo n a m id e s  (SAs) in 

s h r im p .  T h e  s e n s it iv ity  o f  e ig h t  SAs w a s  h ig h e r  th a n  t h e  u n m o d if ie d  e le c t r o d e  

in c lu d in g  BDD e le c t r o d e  [3 2 ],

1.2 Objective of the thesis

T h e  a im s  o f  th is  w o r k  a re  t o  d e v e lo p  a n  in e x p e n s iv e  a n d  s e n s it iv e  e le c t r o d e ,  

G /P V P /P A N I n a n o c o m p o s i te - m o d if ie d  SPCE, c o u p le d  w i th  HPLC fo r  s e p a ra t io n  a n d  

d e t e c t io n  o f  p a ra b e n s ,  a n d  t o  a p p ly  t h e  d e v e lo p e d  m e t h o d  fo r  s im u lta n e o u s  

d e te r m in a t io n  o f  p a ra b e n s  เท re a l s a m p le s ,  s u c h  as s o f t  d r in k  a n d  c o s m e t ic  p ro d u c ts .



This research was separated into five parts. The first part is the fabrication and 

characterization of G/PVP/PANI nanocomposite-modified SPCE. The second part is 

cyclic voltammetry study to investigate the electrochemical behavior of 

ferri/ferrocyanide and parabens using the modified electrode. The third part is the 

separation part carried out by HPLC system for simultaneous determination of five 

parabens. The fourth part is the analytical performance of the proposed system. 

Finally, the application of this system for the simultaneous determination of five 

parabens in a soft drink and a cosmetic product (makeup remover) was investigated.

1.3 Scope o f the thesis
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