
THEORETICAL BACKGROUND AND LITERATURE REVIEW
CHAPTER II

2.1 Tissue Engineering and Scaffold Materials

Many people are suffering from tissue or organ failure and are waiting for 
some kind of tissue or organ transplantation. Generally, the patient has been treated 
by autografting and allografting method (Murugan et a l . , 2005). Although autogenic 
tissue transplantation is clinically considered as a gold standard, it has the limitation 
of donor site shortage. On other hand, allogenic transplantations are more prone to 
immunogenicity as well as inducing other transmissible diseases. Because of these 
clinical limitations, the use of tissue engineering was introduced, considerably saving 
numerous lives and improving the quality of life of patients (Murugan et a l ,  2012).

2.1.1 Tissue Engineering
Tissue engineering is multidisciplinary field that applies the 

knowledge of engineering, material sciences and the clinical sciences in order to 
solve the critical medical problem of tissue loss and organ failure (Bokhari e t a l ,
2003). Tissue engineering involves the use of synthetic functional components 
(scaffold material), culturing them with appropriate cells that are harvested from pa­
tient or donor, and then reimplanting the engineered constructs in the patient’s body 
where the tissue regeneration is required. There are four key factors to be considered 
for the-success of any tissue development: (i) the cells that create tissue, (ii) the scaf­
fold that give structural support to cells, (iii) the bioactive signaling molecules that 
regulate the cellular processes, and (iv) cell-matrix (scaffold) interaction that direct 
the tissue development and remodeling (Murugan e t a l ,  2005). Therefore, to achieve 
the goal of generating functional tissue in v itro , the specific cells, in particular an­
chorage dependent cells, should be combined with the right scaffold material under 
appropriate conditions, meaning that the cell must be subjected to conditions highly 
mimicking the native microenvironments that lead to tissue formation (see Figure 
2.1).
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Figure 2.1 Basic principle of tissue engineering.

2.2.2 Scaffold Materials
Scaffold materials is significant for tissue engineering since they 

serve as matrices for cellular ingrowth, proliferation, and new tissue formation in 
three-dimensional (3D). Generally, scaffold materials serve at least one of the fol­
lowing purposes: First, it should be allow cell attachment and proliferation. Second, 
it can deliver and retain cells and biochemical factors. Third, it can enable diffusion 
of vital cell nutrients and expressed products. Fourth, it preserve apply certain me­
chanical and biological influence to modified the behavior of the cell phase. Scaffold 
for tissue engineering have been developed through a variety of techniques, and 
have been fabricated from natural and synthetic materials (Pakeyangkoon e t a l . , 
2013). There is a lot of research try to design the scaffolds that must be followed by 
extensive clinical trials, so the opportunities for the use of scaffold for tissue engi­
neering will surely use for human soon.
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2.2.3 MTT Assay
A 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl-tetrazolium bromide 

(MTT: Sigma Aldrich, USA) assay is a quantitative method and standard colorimet­
ric assay (an assay which measures changes in colour) for the measurement of cell 
viability and growth. The reduction of yellow tétrazolium salt in metabolically active 
cells to form an insoluble purple formazan crystal product by the dehydrogenase en­
zymes secreted from the mitochondria of viable cells. This assay can also be used to 
determine the cytotoxicity of potential medical agent and other toxic materials. 
Firstly, the cell-contained polyHIPE foam was washed two times with PBS to 
remove any unattached cells, and then a 300 pi MTT solution (5 mg/mL in medium 
without phenol red) was added to each well and incubated at 37 °c for 30 min. After 
incubation of the cell with the MTT solution, a buffer (100 pl/well) was placed in 
each well in order to extract the purple formazan crystal and determine their amount 
by using a uv visible spectrophotometer at a wavelength of 570 nm (Pakeyangkoon 
e t a l ,  2013).

2.2 High Internal Phase Emulsion Polymer (PolyHIPE)

Polymerization of high internal phase emulsion (HIPE) is a method to 
produce highly open porous polymeric foam with interconnecting pore networks. 
The internal or dispersed phase occupies more than 74% of the total volume and 
commonly contains water, an initiator and stabilizers. The external or continuous 
phase generally constitutes for less than 26% of the total volume. It นรนฝly consists 
of the monomer, a crosslinking comonomer and emulsifier (surfactant) (Cameron et 
a l ,  1996).

By introducing droplet of aqueous phase in the organic mixture, under 
mechanical stirring, highly internal phase emulsion is produced. When 
polymerization of continuous phase occurred highly porous materials with 
interconnected and very low density will be formed (see Figure 2.2). For polyHIPE 
porous polymer, styrene (ร) with divinylbenzene (DVB) based polyPIIPE is the most 
popular one for produce polyHIPE porous materials. However, many polymer 
compositions such as methacrylate or acrylic acid are possible such as
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poly(GMA/EGDMA)polyHIPE and poly(DVB/VBC)polyHIPE (Barbetta e t a l ,
2000). According to their unique properties such as high porosity, high surface area 
and degree of interconnectivity, polyHIPE porous materials are being considered 
attractive for many application such as poly(S/DVB)polyHIPE modified with 
bioactive molecules are being used as a scaffold for biomedical applications (Akay e t  
a l ,  2004, Busby e t a l ,  2001, Hayman e t a l ,  2005), poly(GMA/EGDMA)polyHIPE 
are used as a separation media (Krajnc e t a l ,  2005).

~90% Aqueous Phase

▼

Polymerization 65 °c
BE= z r >

Drying
80 °c

M=D>

*10% Organic Phase *90% Porosity

Figure 2.2 Scheme for typical preparation of polyHIPE.
Source: http://matwww.technion.ac.il/Silverstein/HIPE.html

For better understanding, some important wordings that will be used are 
defined here. Firstly, ‘Pores’ corresponds to the big spherical cavities within the 
material. Secondly, the small holes between adjacent pores and referred to as ‘inter­
connected pores” (see Figure 2.3).

http://matwww.technion.ac.il/Silverstein/HIPE.html
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Pore

Interconnected pore

Figure 2.3 SEM picture showing typical structure of polyHIPE monolith. Pores and 
interconnected pores are marked.
Source: http://matwww.technion.ac.il/Silverstein/HIPE.html

2.2.1 Controlling the Morphology and Properties of PolyHIPE
It is possible to optimized and modified the structural and properties 

of polyHIPE through the regulation of pore sizes, interconnecting holes, surface area 
and other parameters by controlled the emulsion stability of system. The stability of 
polyHIPE emulsions is strongly influenced by many factors, a better understanding 
of these factors will have important impact for selecting type of oils or emulsifiers to 
obtain suitable system. Until now, there are many researches involve in the ways to 
increase emulsion stability of polyHIPE foam.

William and co-worker (1988) have demonstrated that the surfactant 
concentration affects the morphology of polyHIPE. They found that slightly higher 
surfactant levels lead to increase emulsion stability and a small opening in the cell 
wall, known as interconnected pores, are formed. However, at the surfactant" level 
above 50% of the total organic phase volumes, the structures of the resulting 
materials were not maintained. The polyHIPE foam generated under these conditions 
would has no walls and the structure of the emulsion would collapse. From this 
work, they concluded that fine cellular morphology and small interconnected with 
very smooth surface area were observed at around 20% surfactant used.

Generally, polyHIPE polymer with closed cell type will be formed 
because of rest monomers, residual surfactants, and porogenic solvent in the continu-

http://matwww.technion.ac.il/Silverstein/HIPE.html
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o u s  p h a s e  a re  tr a p p e d  w i t h in  t h e  c e l lu la r  s tr u c tu r e  o f  p o ly H I P E  p o r o u s  p o ly m e r .  T h is  

le a d  t o  p r o d u c e d  p o ly H I P E  m a t e r ia ls  w i t h  l o w  s u r f a c e  p r o p e r t ie s .  T o  o v e r c o m e  th is  

p r o b le m , th e  S o x h le t  e x t r a c t io n  t e c h n iq u e  i s  n e e d e d  to  r e m o v e  th e  r e s id u a l  m a te r ia ls  

f r o m  p o r e  s tr u c tu r e  o f  p o ly H I P E  f o a m  a n d  r e s u lt in g  m a t e r ia ls  w i t h  h ig h  s u r fa c e  

p r o p e r t ie s  w o u ld  b e  o b ta in e d . A d d i t io n a l ly ,  th e  e f f e c t  o f  S o x h le t  e x t r a c t io n  t im e  o n  

th e  r e s u lt in g  m a t e r ia ls  w a s  in v e s t ig a t e d  b y  M o r g a n  a n d  c o - w o r k e r  ( 2 0 0 3 ) .  T h e y  

s h o w e d  th a t  th e  e x t r a c t io n  t i m e  w a s  fo u n d  t o  h a v e  a n  e f f e c t  o n  th e  m e c h a n ic a l  a n d  

f l a m m a b i l i t y  p r o p e r t ie s  o f  t h e  r e s u lt in g  p o ly p r o p y le n e  n a n o c o m p o s i t e .  In  y e a r  2 0 0 8 ,  
P a k e y a n g k o o n  e t a l. s h o w e d  th e  e f f e c t  o f  s o x h l e t  e x t r a c t i o a  a n d  s u r f a c ta n t  s y s t e m  o n  

m o r p h o lo g y  a n d  p r o p e r t ie s  o f  P o ly H I P E .

2 .2 .2  P o ly H I P E  fo r  T i s s u e  E n g in e e r in g  A p p l ic a t io n

T h r e e  d im e n s io n a l  h ig h ly  o p e n  p o r o u s  p o ly m e r ic  f o a m , p r o d u c e d  

f r o m  a  h ig h  in te r n a l p h a s e  e m u ls i o n  (H I P E )  t e c h n iq u e  is  o n e  o f  th e  m o s t  w i d e l y  u s e d  

s y n t h e t ic  m a te r ia ls  in  t i s s u e  e n g in e e r in g  a p p lic a t io n .
P o ly ( s t y r e n e /d iv in y lb e n z e n e ) p o ly H I P E  fo a m  h a s  s u c c e s s f u l ly  b e e n  t e s t e d  f o r  it s  a b i l ­
i ty  t o  s u p p o r t  t h e  g r o w th  o f  c e l l s ,  a n d  it h a s  g o o d  b io c o m p a t ib i l i t y  b e t w e e n  o s t e o ­
b la s t s  a n d  s o l id  s u p p o r ts  in  th e  in v itro  e n v ir o n m e n t  ( A k a y  e t a l . , 2 0 0 4 ) .

M o r e o v e r ,  b io m a t e r ia ls  b a s e d  p o ly H I P E  f o a m  h a s  b e e n  s t u d ie d  b y  

B u s b y  e t a l . , ( 2 0 0 1  )  T h e y  p r e p a r e d  h ig h ly  p o r o u s  p o ly H I P E  f o a m  c o n t a in in g  p o ly ( £ -  

c a p r o la c ta m ;  P C L )  b y  th e  f r e e  r a d ic a l  p o ly m e r iz a t io n  o f  a  P C L  m a c r o m o n o m e r .  P o l ­
y H I P E  p o r o u s  f o a m  c o n t a in in g  th e  P C L  m a c r o m o n o m e r  c a n  a c t  a s  a  s u b s t r a te  fo r  th e  

g r o w t h  o f  h u m a n  f ib r o b la s t .  T h e s e  m a te r ia ls  a re  s u f f i c i e n t ly  b io c o m p a t i b l e  to  s u p ­
p o r t  c e l l  f u n c t io n  a n d  g r o w t h  o v e r  a  p e r io d  o f  2 .5  d a y s .  A  g e n e r a l  p r o p e r ty  d e ­
m a n d e d  o f  a ll  s u b s tr a te  m a t e r ia ls  in  t i s s u e  e n g in e e r in g  a p p l ic a t io n  is  b i o c o m p a t ib i l i t y  

o r  e v e n  b io a c t iv i t y .  T h e  s u b s t r a te  m a te r ia ls  m u s t  b e  c o m p a t ib le ,  n o n - t o x ic  to  l iv in g  

c e l l s ,  a n d  a b le  t o  s u p p o r t  c e l l  g r o w t h ,  a d h e s io n ,  a n d  p r o l i f e r a t io n .  U s u a l l y ,  th e  in te r ­
a c t io n  b e t w e e n  th e  s u b s tr a te  a n d  l iv in g  c e l l s  o n  h y d r o p h il ic  m a t e r ia ls  i s  b e t te r  th a n  

h y d r o p h o b ic  m a te r ia ls .
H o w e v e r ,  p o l y m e r i c  s c a f f o l d s  s y n t h e s iz e d  v i a  H I P E  t e c h n iq u e  h a v e  

b e e n  m a d e  o f  h y d r o p h o b ic  p o ly m e r s  s u c h  a s  p o ly s t y r e n e  ( P S ) ,  w h ic h  b y  n a tu r e  h a s  

h y d r o p h o b ic  c h a r a c t e r is t ic s .  T h i s  is  im p r o p e r  fo r  s u p p o r t in g  th e  c e l l - s c a f f o l d
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in t e r a c t io n ,  a n d  p o o r  a d h e s io n  b e t w e e n  c e l l  a n d  s u b s tr a te  i s  o b t a in e d  s in c e  a n  

a q u e o u s  m e d ia  h a s  u s u a l ly  b e e n  u s e d  in  c e l l  c u ltu r in g . T h e r e f o r e ,  i t  i s  d i f f i c u l t  fo r  

th e  c u ltu r e  m e d ia  to  p e n e tr a t e  th e  p o r o u s  s c a f f o l d  s tr u c tu r e  th r o u g h o u t  a n d  a tta c h  to  

th e  b io m a te r ia l  s u r f a c e ,  c o n s e q u e n t ly  n o t  p r o m o t in g  c e l l  s p r e a d in g ,  s e e d in g ,  a n d  

g r o w t h .  N u m e r o u s  r e p o r ts  h a v e  in d ic a te d  th a t e t h y le n e  g ly c o l  d im e t h a c r y la t e  

( E G D M A )  a n d  i t s  d e r iv a t iv e s  h a v e  b e e n  w i d e l y  u s e d  in  th e  fa b r ic a t io n  o f  s c a f f o l d s  in  

t i s s u e  e n g in e e r in g  a p p l ic a t io n s .  S u b s tr a te  m a t e r ia ls  p r e p a r e d  fr o m  E G D M A ,  w h ic h  

a c t  a s  th e  c r o s s l in k in g  a g e n t ,  h a v e  b e e n  s h o w n  to  b e  b i o c o m p a t ib le ,  h a v e  h ig h  w a te r  

u p ta k e , a n d  h a v e  r e la t iv e ly  a l l o w  c y t o t o x ic i t y .  ( L in - G ib s o n  e t a l ,  2 0 0 5 )
In  2 0 0 7 ,  C h r is t e n s o n  et a l.,  ( 2 0 0 7 )  r e p o r te d  th a t  H I P E  t e c h n iq u e  c a n  

b e  u s e d  to  g e n e r a t e  h ig h ly  p o r o u s  b io d e g r a d a b le  s c a f f o l d  w i t h  in t e r c o n n e c t e d  p o r e s  

fo r  t i s s u e  s u c c e s s f u l  p r e p a r e d  b y  H I P E  t e c h n iq u e  c o n t a in in g  t h e  m a c r o m e r  

p o ly ( p r o p y le n e  fu m u r a te )  ( P P F )  a n d  th e  c r o s s - l in k e r  p r o p y le n e  fu m u r a te  d ia c r y la te  

( P F D A ) .
H o w e v e r ,  p o ly H I P E  fo a m  H I P E  t e c h n iq u e  u s u a l ly  p r o d u c e s  fr o m  s y n ­

t h e t ic  m a t e r ia ls  s u c h  a s  p o ly s t y r e n e ,  w h ic h  i s  h y d r o p h o b ic  in  n a tu r e  a n d  la c k  o f  c e l l  

r e c o g n i t i o n  s ig n a ls .  T h is  i s  im p r o p e r  fo r  s u p p o r t in g  th e  c e l l - s c a f f o l d  in t e r a c t io n ,  a n d  

p o o r  a d h e s io n  b e t w e e n  c e l l  a n d  su b s tr a te  is  o b t a in e d  s in c e  a n  a q u e o u s  m e d ia  h a s  

u s u a l ly  b e e n  u s e d  in  c e l l  c u lt u r in g .  T h e r e f o r e ,  th e  in v e s t ig a t io n  o f  s c a f f o l d  m a te r ia ls  

w it h  d e s ir a b le  s u r f a c e  c h e m is t r y  p r o p e r t ie s  w a s  c o n c e r n e d  in  o r d e r  to  im p r o v e  c e l l  

a d h e s io n ,  s u p p o r t  c e l l  g r o w th ,  p r o l i f e r a t io n  a n d  a ls o  d i f f e r e n t ia t io n .  T h e r e  a re  s e v e r a l  

m e t h o d  h a v e  b e e n  d e v e lo p e d  in  o r d e r  to  e n h a n c e  th e  b i o l o g i c a l  r e s p o n s e  to  t i s s u e  

_ f l u i d s ,  h y d r o p h i l i c  g r o u p s  a n d  w e t t in g  c h a r a c te r is t ic s ,  in c lu d in g  p h y s ic a l ,  m e c h a n ic a l  

tr e a tm e n t ,  c o n v e n t io n a l  c o a t in g  p r o c e s s e s  ( i . e .  s p r a y in g  o r  d ip p in g ) ,  v a c u u m  

d e p o s i t io n  t e c h n iq u e ,  w e t  c h e m ic a l  tr e a tm e n t  ( i .e .  p la t in g ,  g r a f t in g , o r  b o n d in g ) .  
P e k e y a n g k o o n  e t al. ( 2 0 1 3 )  in v e s t ig a t e d  s u r f a c e  m o d i f i c a t i o n  v ia  a t m o s p h e r ic  

p r e s s u r e  p la s m a  tr e a tm e n t . T h e y  fo u n d  th a t t h is  s u r f a c e  m o d i f i c a t i o n  w a s  s u c c e s s f u l ­
ly  u s e d  t o  e n h a n c e  th e  h y d r o p h i l i c  p r o p e r t ie s  o f  th e  p o ly H I P E  fo a m  s u r f a c e ,  a s  w e l l  

a s  im p r o v e  th e  in t e r a c t io n  b e t w e e n  th e  l iv in g  c e l l s  a n d  th e  p o ly H I P E  s u b s t r a te .
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2 .3  L a y e r - b y - L a y e r  T e c h n iq u e

L a y e r - b y - L a y e r  (L b L )  m e t h o d  is  a  t e c h n iq u e  u s e d  in  s u r f a c e  m o d i f i c a t i o n s  

h a s  r e c e iv e d  m u c h  a t t e n t io n  in  th e  f i e ld  o f  e l e c t r o c h e m is t r y  a s  a  v e r y  p r o m is in g  to o l  

fo r  th e  fa b r ic a t io n  o f  n a n o s tr u c tu r e d  f i lm s  w i t h  h ig h  o r g a n is a t io n  a t th e  n a n o s c a le  

l e v e l  fa b r ic a te d  f i lm s  th r o u g h  s p e c i f i c  in te r a c t io n s  o f  o r g a n ic  f u n c t io n a l  g r o u p s  fo r  

m u lt i la y e r  g r o w t h ,  a n d  th e  f i l m s  d e p o s i t e d  o n t o  a  s o l i d  s u b s t r a te  w e r e  o b t a in e d  w ith  

h ig h  s t a b i l i t y .  F o r  th e  g r o w t h  o f  m u l t i la y e r  f i lm s ,  th e  a d s o r p t io n  o c c u r r e d  a s  a  r e s u lt  

o f  a lt e r n a t in g  th e  im m e r s io n  p r o c e s s  o f  a  s o l i d  s u b s tr a te  ( f o r  e x a m p le ,  q u a r tz  a n d  

h y d r o p h i l i c  o r  h y d r o p h o b ic  g l a s s e s )  in  a  c a t io n ic  a n d  a n io n ic  p o ly e l e c t r o l y t e  s o lu t io n  

a n d  th e  e x c e s s  o f  w e a k l y  a d s o r b e d  p o l y e le c t r o ly t e  is  w a s h e d  in  a  s o lv e n t  s o lu t io n  

a n d  d r ie d  w i t h  n i t r o g e n  g a s /a ir  f l o w  ( s e e  F ig u r e  2 .4 ) .

F ig u r e  2 .4  ( A )  S c h e m a t ic  o f  th e  f i lm  d e p o s i t io n  p r o c e s s  u s i n g  s l id e s  a n d  b e a k e r s .
( B )  S i m p l i f i e d  m o le c u la r  p ic tu r e  o f  th e  f ir s t  t w o  a d s o r p t io n  s t e p s ,  d e p i c t i n g  f i lm  

d e p o s i t io n  s ta r t in g  w i t h  a  p o s i t i v e l y  c h a r g e d  s u b s tr a te .  ( C )  C h e m ic a l  s tr u c tu r e s  o f  

t w o  ty p ic a l  p o l y io n s ,  th e  s o d iu m  s a l t  o f  p o ly ( s t y r e n e  s u l f o n a t e )  a n d  p o ly ( a l ly la m in e  
h y d r o c h lo r id e ) .
S o u r c e  : h t t p s : / / s i t e s .g o o g le .c o m /s i t e /a r s h a d t u / la y e r b y la y e r

https://sites.google.com/site/arshadtu/layerbylayer
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T h e  L b L  m e t h o d  b e c o m e s  v e r y  a d v a n t a g e o u s  b e c a u s e  n u m e r o u s  d i f f e r e n t  

m a te r ia ls  c a n  b e  e m p lo y e d  in  th e  fa b r ic a t io n  o f  f i lm s .  A l s o ,  L b L  is  m o r e  v e r s a t i le  

th a n  o th e r  fa b r ic a t io n  t e c h n iq u e s  a n d  p r o v id e s  t h e  p o s s i b i l i t y  o f  u s i n g  a  la r g e  r a n g e  

o f  d i f f e r e n t  m a t e r ia ls  in  f i lm s  c o n s t r u c t io n ,  in c lu d in g  p o ly e l e c t r o l y t e s  (C la r k  e t a l.,
1 9 9 7 ) ,  d e n d r im e r s  ( D E N s )  ( Z h a n g  e t a l . , 2 0 0 3 )  a n d  c a r b o n  m a t e r ia ls  ( O le k  e t a l.,
2 0 0 4 ) .  M o r e o v e r ,  p a r a m e t e r s  s u c h  a s  r o u g h n e s s ,  t h ic k n e s s ,  a n d  p o r o s i t y  o f  f i l m s  c a n  

b e  c o n t r o l l e d  b y  c h a n g in g  e x p e r im e n t a l  c o n d i t io n s  s u c h  a s  p H , te m p e r a tu r e ,  
p o ly e l e c t r o ly t e  c o n c e n t r a t io n ,  a n d  i o n i c  s tr e n g th  o f  t h e  m e d ia  ( S c h o n h o f f  e t a l ,
2 0 0 7 ) .

M c C a r th y  a n d  c o - w o r k e r  ( 1 9 9 7 )  r e p o r te d  th a t  L a y e r - b y - la y e r  d e p o s i t io n  o f  

p o ly e l e c t r o ly t e s  o n t o  p o l y e t h y l e n e  te r e p h th a la t e )  ( P E T )  f i lm  a s  a  m e t h o d  fo r  

p o ly m e r  s u r f a c e  m o d i f i c a t io n .  P E T  s a m p le s  th a t  h a d  b e e n  s u r f a c e  m o d i f i e d  to  

c o n t a in  c a r b o x y la t e  ( P E T - C O 2 )  a n d  a m m o n iu m  ( P E T - N H 3 +)  f u n c t io n a l i t y .  T h e  

in d iv id u a l  la y e r s  a re  e x t r e m e ly  th in  ( 2 - 6  Â ) ,  a n d  t h is  t h ic k n e s s  i s  a f f e c t e d  b y  th e  

s u b s tr a te  s u r f a c e  c h e m is t r y  a n d  c a n  b e  c o n t r o l le d  b y  a d j u s t in g  th e  io n ic  s t r e n g th  o f  

th e  p o ly e l e c t r o l y t e  s o lu t i o n s .  T h e y  f o u n d  th a t th e  la y e r - b y - la y e r  d e p o s i t io n  p r o c e s s  is  

q u ite  f o r g i v i n g  a n d  p r o c e e d s  u n d e r  a  v a r ie ty  o f  c o n d i t io n s .  P e e l  t e s t s  in d ic a t e  th a t  th e  

m u lt i la y e r  a s s e m b l ie s  s h o w  g o o d  m e c h a n ic a l  in te g r i ty ,  n o  f a i lu r e s  w e r e  o b s e r v e d  in  

th e  m u lt i la y e r s .
In y e a r  2 0 0 9 ,  D u b a s  e t a l.,  ( 2 0 0 9 )  s t u d ie d  th e  c o a t in g  o f  p o l y e l e c t r o ­

ly te  m u l t i la y e r  th in  f i lm  o n  n a n o f ib r o u s  s c a f f o l d s  to  im p r o v e  c e l l  a d h e s io n .  T h e y  

fo u n d  th a t  c o a t e d  f ib e r  s h o w  m o r e  c e l l  a t ta c h m e n t ,  p r o l i f e r a t io n ,  a n d  s p r e a d in g  th a n  

th e  u n c o a t e d  o n e .  F r o m  th is  r e s u lt  c a n  b e  s u g g e s t e d  th a t  s u r f a c e  m o d i f i c a t i o n  w i t h  

P E M s  i s  a n  e f f e c t i v e  t e c h n iq u e  fo r  in c r e a s in g  c e l l  a d h e s io n .

2 .4  G e n e r a l  P r o p e r t ie s  o f  C h e m ic a l  t h a t  U s e d  in  th is  R e s e a r c h

2 .4 .1  P o ly s t y r e n e  ( P S )
P o ly s t y r e n e  is  a  v in y l  p o ly m e r ,  p r o d u c e d  f r o m  fr e e  r a d ic a l  v in y l  

p o ly m e r iz a t io n  o f  p e t r o le u m  b a s e d  s ty r e n e  m o n o m e r s ,  a  h y d r o c a r b o n  m a t e r ia l .  I ts  

s tr u c tu r e  c o n s i s t s  o f  a  lo n g  h y d r o c a r b o n  c h a in  w i t h  p h e n y l  g r o u p s  (a r o m a t ic  r in g s )  

b e s id e s ,  a lo n g  th e  c h a in .
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F ig u r e  2 .5  F r e e  r a d ic a l  v in y l  p o ly m e r iz a t io n  r e a c t io n  o f  p o ly s t y r e n e .
S o u r c e :  W ik ip e d ia .o r g

P o ly s t y r e n e  i s  c l a s s i f i e d  a s  a  th e r m o p la s t ic  m a te r ia l ,  s in c e  it  tu r n s  in to  

l iq u id  w h e n  h e a t e d  a b o v e  1 8 5 ° F  ( 8 5 ° C )  a n d  f r e e z e s  to  a  r ig id  s ta te  w h e n  c o o le d  

s u f f ic i e n t ly ,  w h ic h  m e a n s  th a t a t r o o m  te m p e r a tu r e  it  i s  s o l id .  D u e  to  t h e  m a n y  

a r o m a t ic  r in g s  in  i t s  s tr u c tu r e , p o ly s t y r e n e  is  a  m a te r ia l  th a t  p o s s e s s e s  h ig h  f ir e  

r e s is t a n c e ,  g o o d  r e s i s t a n c e  to  a c id s  a n d  b a s e s ,  g o o d  e l e c t r i c  in s u la t in g  p r o p e r t ie s ,  
h ig h  s h o c k - r e s i s t a n c e ,  a n d  e x c e l l e n t  s u r f a c e  c h a r a c t e r is t ic s .  D u e  t o  t h e s e  o u t s t a n d in g  

p r o p e r t ie s ,  p o ly s t y r e n e  c a n  b e  c o n s id e r e d  a s  a  u n iq u e  a n d  p o t e n t ia l ly  u s e f u l  m a te r ia l .  
A  fu r th e r  a d v a n t a g e  o f  p o ly s t y r e n e  i s  th a t  it i s  a n  i n e x p e n s i v e  r a w  m a te r ia l .  H e n c e ,  it  

i s  an  e x c e l l e n t  m a te r ia l  fo r  p r o d u c in g  c o n s u m e r  p r o d u c t s .

2 .4 .2  E t h y le n e  G ly c o l  D im a t h a c r y la t e  ( E G D M A )
E t h y le n e  G ly c o l  D im a th a c r y la t e  o r  2 - ( 2 - M e t h y l - a c r y l o y lo x y ) e t h y l  2 -  

m e t h y l- a c r y la t e  ( I U P A C  n a m e )  is  a  d ie s t e r  p r o d u c e d  fr o m  t w o  e q u iv a le n t s  o f  m e t h -  

a c r y l ic  a c id  a n d  o n e  e q u iv a le n t  o f  e t h y le n e  g ly c o l .  It i s  a  c le a r  l iq u id  a n d  t y p ic a l ly  

u s e d  a s  a  fu n c t io n a l  m o n o m e r  fo r  p o ly m e r s  a s  w e l l  a s  a  f r e e  r a d ic a l  c o p o l y ­
m e r  c r o s s l in k in g  a g e n t  ( h ig h  p u r ity  c r o s s l in k e r  w i t h  b r id g in g /s p e c ia l t y  c a p a b i l i t y )  

b e t w e e n  th e  m o le c u la r  c h a in s  o f  p o ly m e r s  a n d  e la s t o m e r s .
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F ig u r e  2 .6  S tr u c tu r e  o f  E t h y le n e  G ly c o lJ D im a t h a c r y la t e .

2 .4 .3  P o ly s t y r e n e s u l f o n a t e  ( P S S )
P o ly s t y r e n e s u l f o n a t e  o r  P S S  a re  p o ly s t y r e n e  s u l f o n i c  a c id  p o l y s a l t s ,  

u s u a l ly  in  fo r m  o f  s o d iu m  a n d  c a lc iu m . P S S  is  p o ly a n io n ,  w h i t e  p o w d e r  a n d  s o lu b l e  

in  w a te r . T h e y  h a v e  w i d l y  u s e d  a s  i o n - e x c h a n g e  r e s in s .

F ig u r e  2 .7  S tr u c tu r e  o f  P o ly s t y r e n e s u l f o n a t e .
S o u r c e :  W ik ip e d ia .o r g

2 . 4 .4  P o ly f D ia l ly ld im e t h y la m m o n iu m  C h lo r id e )  ( P D A D M A C )
P o ly d ia l ly ld im e t h y la m m o n iu m  c h lo r id e  ( s h o r t e n e d  p o l y D A D M A C  o r  

p o l y D D A )  i s  a  h o m o p o ly m e r  o f  d ia l ly ld im e t h y la m m o n iu m  c h lo r id e  ( D A D M A C ) .  
T h e  m o le c u la r  w e i g h t  o f  p o l y D A D M A C  is  t y p ic a l ly  in  th e  r a n g e  o f  h u n d r e d s  o f  

th o u s a n d s  o f  g r a m s  p e r  m o le ,  a n d  e v e n  u p  to  a  m i l l i o n  fo r  s o m e  p r o d u c t s .  P o ly ­
D A D M A C  is  u s u a l ly  d e l iv e r e d  a s  a  l iq u id  c o n c e n t r a t e  h a v in g  a  s o l i d s  l e v e l  in  th e  

r a n g e  o f  1 0  t o  5 0 % . It i s  a  h ig h  c h a r g e  d e n s i t y  c a t io n ic  p o ly m e r .  T h e  c h a r g e  d e n s i t y  

m a k e s  it  w e l l  s u i t e d  fo r  f lo c c u la t io n .
P o ly D A D M A C  is  u s e d  a s  a  c o a g u la n t  in  w a te r  p u r i f ic a t io n .  It i s  e f f e c ­

t iv e  in  c o a g u la t in g  a n d  f lo c c u l a t i n g  in o r g a n ic  a n d  o r g a n ic  p a r t ic le s  s u c h  a s  s i l t ,  c la y ,



14

a lg a e ,  b a c t e r ia  a n d  v ir u s e s .  A t  h ig h  c o n c e n t r a t io n s  th e  o r g a n ic  p o ly m e r  c a n  r e m o v e  

n a tu ra l o r g a n ic  m a tte r  s u c h  a s  h u m ic  a n d  f u lv ic  a c id s  r e s u lt in g  in  f e w e r  d i s i n f e c t io n  

b y  p r o d u c t  p r e c u r s o r s  a n d  l e s s  c o lo r .

F ig u r e  2 .8  S tr u c tu r e  o f  P o ly ( d ia l ly ld im e t h y la m m o n iu m  c h lo r id e )  

S o u r c e :  W ik ip e d ia .o r g
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