
B A C K G R O U N D  A N D  L IT E R A T U R E  SU R V E Y
CHAPTER II

2.1 Surfactant C haracteristics

A  su rfa c ta n t o r su rface  ac tiv e  ag en t is  a  su b s ta n c e  th a t, w h e n  p re se n t a t lo w  
c o n c e n tra tio n  in  a  sy s tem , has th e  p ro p e rty  o f  a d so rb in g  o n to  th e  su rfaces o r 
in te rfa c es  o f  th e  sy s te m  an d  m o d ify in g  d eg ree  th e  su rfa c e  o r in te rfa c ia l free  energy  
o f  th o se  su rfa c e s  o r  in te rfaces  (R o sen , 1988). S u rfa c ta n t a lso  h a s  th e  p ro p erty  o f  
fo rm in g  c o llo id -s iz e d  a g g reg a te s  in  so lu tio n  c a lle d  m ic e lle  a t su ffic ien t h ig h  
c o n c e n tra tio n . T h e  lo w es t to ta l su rfac tan t c o n c e n tra tio n  a t w h ic h  m ice lle s  a re  
p re se n t is c a lle d  c r itic a l m ice lle  c o n c e n tra tio n  (C M C ).

S u rfa c ta n ts  h a v e  a  c h a ra c te ris tic  m o le c u la r  s tru c tu re  co n s is tin g  o f  a  
s tru c tu ra l g ro u p  th a t  h as  v e ry  little  a ttra c tio n  fo r th e  so lv en t, c a lle d  th e  ly ophob ic  
g ro u p  (h y d ro p h ilic ) , to g e th e r  w ith  a  g ro u p  th a t  h as  s tro n g  a ttra c tio n  fo r  th e  so lven t, 
c a lle d  th e  ly o p h ilic  g ro u p  (h y d ro p h o b ic ).

T h e  h y d ro p h ilic  p a rt m ay  ca rry  a  p o s itiv e  o r  n e g a tiv e  c h a rg e , g iv in g  rise to  
c a tio n ic  o r  a n io n ic  su rfac tan ts , re sp ec tiv e ly , o r  m ay  c o n ta in  e th y le n e  o x id e  chains o r 
su g a r  o r  sa c c h a rin e  g ro u p , as  in  th e  case  o f  n o n io n ic  su rfac tan ts . T h e  h y d ro p h o b ic  
p a rt o f  th e  m o le c u le  is  g en e ra lly  a  h y d ro c a rb o n  ch a in , b u t m ay  c o n ta in  a rom atic  
g ro u p s  (G o d d a rd  an d  A n an th , 1993).

T h e  m o s t u se fu l c h em ica l c la ss if ic a tio n  o f  su rfa c ta n t is  b a se d  o n  th e  n a tu re  
o f  th e  h y d ro p h lic  g ro u p . T h e  fo u r b a s ic  c la sse s  o f  su rfa c ta n ts  a re  d e fin ed  as  fo llow s 
(M y ers , 1992): .

1. A n io n ic  su rfac tan t. T h e  h y d ro p h ilic  g ro u p  c a rr ie s  a  n e g a tiv e  charge , fo r 
e x a m p le s , R C O O 'N a + (so ap ), an d  R C ô ^ S C ^ 'N a *  (a lk y lb en zen e  
su lfo n a te ) .

2. C a tio n ic  su rfac tan t. T h e  h y d ro p h ilic  g ro u p  c a rrie s  a  p o s itiv e  charge , fo r 
e x a m p le s , R N H 3+C f  (sa lt o f  lo n g -c h a in  am in e ), an d  RN (CH 3)3+C1‘ 
(q u a te rn a ry  a m m o n iu m  ch lo rid e ).
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3. Z w itte r io n ic  su rfac tan t. B o th  p o s itiv e  an d  n e g a tiv e  c h a rg e s  m ay be 
p re se n t in  th e  su rfa c e -ac tiv e  p o rtio n , fo r  e x a m p le s , R N +H 2C H 2C O O ' 
( lo n g -c h a in  am in o  ac id ), an d  R N +(C H 3)2C H 2C H 2 S 0 3 '  (su lfo b e ta in e).

4 . N o n io n ic  su rfac tan t. T h e  su rfa c e -ac tiv e  p o rtio n  b ea rs  n o  ap p aren t ion ic  
c h a rg e , fo r  e x a m p le s , R C O O C H 2C H O H C H 2O H  (m o n o g ly ce rid e  o f  
lo n g -c h a in  fa tty  ac id ), an d  R C 6H 4 (O C 2H 4 )xO H  (p o ly o x y e th y len a ted  
a lk y lp h en o l) .

2.2 A dsorption  at Solid-L iquid  Interface

T h e  te n d e n c y  to  a d so rb  a t th e  su rface  is  o n e  o f  c h a ra c te r is tic  featu res o f  
su rfa c ta n ts . T h e  a d so rp tio n  o f  su rfa c ta n ts  a t so lid - liq u id  in te rfaces  is  im portan t in  
m a n y  in d u s tr ia l a p p lic a tio n s , e .g . th e  d isp e rs io n  o f  so lid s  in  a q u e o u s  so lu tion , 
d e te rg e n c y , so lu b iliz a tio n  o f  c h e m ic a ls , a n d  e tc . T h e  a d so rp tio n  o f  su rfac tan ts  at th e  
so lid - liq u id  in te rfa c e  is s tro n g ly  in f lu e n c e d  b y  a  n u m b e r o f  fac to rs : (1 ) th e  nature  o f  
th e  s tru c tu ra l g ro u p s  o n  th e  so lid  su rface ; (2 ) th e  m o le c u la r  s tru c tu re  o f  th e  su rfac tan t 
b e in g  a d so rb e d  (th e  ad so rb a te ); an d  (3 ) th e  e n v iro n m e n t o f  th e  a q u e o u s  p h a se  such  as 
its  p H , its  e le c tro ly te  co n te n t, an d  e tc  (R o se n , 1988).

T h e  a d so rp tio n  o f  su rfa c ta n ts  a t so lid - liq u id  in te rfa c e  le ad s  to  a  la y e r o r film  
fo rm a tio n  o n  th e  so lid  su rface  w h ic h  a ffe c ts  its  su rface  te n s io n  (Ja n c z u k  e t  a t . ,  1997). 
F o r  w e ttin g  o f  h y d ro p h o b ic  su rface s , su rfa c ta n t a d so rp tio n  m a k e s  th e  su rface  
b e c o m e s  m o re  h y d ro p h ilic  an d  c o n se q u e n tly  e n h a n c e  th e  sp re a d in g  o f  aqueous 
so lu tio n  o n  su rface .

2.2.1 A d so rp tio n  Iso th e rm
A n  a d so rp tio n  iso th e rm  is a  m a th e m a tic a l e x p re ss io n  th a t  relates th e  

c o n c e n tra tio n  o f  th e  a d so rb a te  a t th e  in te rfa c e  to  its  eq u ilib r iu m  c o n c e n tra tio n  in  th e  
liq u id  p h ase . T h e  a d so rp tio n  iso th e rm  is th e  u su a l m e th o d  o f  d e sc r ib in g  ad so rp tio n  a t 
th e  so lid - liq u id  in te rfa c e  an d  tra d itio n a lly  d e te rm in e d  b y  so lu tio n  d e p le tio n  m ethod.

D e p le tio n  e x p e rim e n t is a c c o m p lish e d  b y  m ix in g  a su rfac tan t so lu tion  
w ith  a d so rb a te  w h ic h  k n o w n  m a ss  a n d  su rfa c e  a re a  (A tk in  e t  a l ,  2 0 0 3 ). A fte r 
e q u ilib ra tio n , th e  su rfa c e  e x cess  is  d e te rm in e d  b y  th e  c h a n g e  in  th e  so lu tion
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su rfa c ta n t c o n c e n tra tio n . A  se rie s  o f  e x p e rim e n t c o n d u c te d  a t ap p ro p ria te  su rfactan t 
c o n c e n tra tio n s  a llo w s  th e  a d so rp tio n  iso th e rm  to  b e  re so lv ed . G en era lly , ion ic  
su rfa c ta n ts  e x h ib it fo u r  d is tin c t a d so rp tio n  reg io n s  o v e r  a  fu ll ra n g e  o f  c o n cen tra tio n  
u p  to  th e  c ritic a l m ic e lle  c o n c e n tra tio n  (D o u g la s  an d  Jia , 2 0 0 4 ).

M u c h  v a lu a b le  in fo rm a tio n  is o b ta in e d  fro m  th e  a d so rp tio n  iso therm  
as fo llo w s  (R o sen , 1988):

1. T h e  a m o u n t o f  su rfa c ta n t a d so rb ed  p e r  u n it a re a  o f  th e  so lid  
ad so rb en t.

2. T h e  eq u ilib r iu m  c o n c e n tra tio n  o f  su rfa c ta n t in  th e  liq u id  phase 
re q u ire d  to  p ro d u c e  a  g iv e n  su rface  c o n c e n tra tio n  o f  su rfac tan t.

3. T h e  c o n c e n tra tio n  o f  su rfac tan t o n  th e  a d so rb e n t a t su rface  
sa tu ra tio n .

4. T h e  o r ie n ta tio n  o f  th e  a d so rb e d  su rfac tan t.
5. T h e  e ffe c t o f  a d so rp tio n  o n  o th e r p ro p e rtie s  o f  ad so rb en t.

2 .2 .2  A d so rp tio n  o n  H y d ro p h o b ic  S u rface
M a n y  su b s tra te s  a re  h y d ro p h o b ic  su ch  as  T e flo n , p o ly sty len e , 

p o ly e th y le n e , p o ly p ro p y le n e , p o ly m e th y lm e th a c ry la te , a n d  ca rb o n . O n  th ese  
a d so rb e n ts , th e  a d so rp tio n  iso th e rm s fo r w e ll-p u rif ie d  m o n o fu n c tio n a l an ion ic  and  
c a tio n ic  a re  s im ila r  (R o sen , 1988). D isp e rs io n  fo rce  (h y d ro p h o b ic  b o n d in g ) p lays 
im p o rta n t ro le  in  a d so rp tio n  o f  su rfac tan ts  o n  th e se  su b s tra te s .

T h e  a d so rp tio n  o f  c e ty ltr im e ty la m m o n iu m  b ro m id e  (C T A B ) on to  
a c tiv e  c a rb o n -w a te r  in te rfa c e  m a in ly  to o k  p la c e  th ro u g h  io n  e x c h a n g e , the ion  
p a ir in g  a n d  h y d ro p h o b ic  b o n d in g . T h e  p re d o m in a n t m e c h a n ism s  in  th e  low  C T A B  
c o n c e n tra tio n s  w ere  p ro b a b ly  io n  ex c h a n g e  a n d  io n  p a irin g . T h e  hy d ro p h o b ic  
b o n d in g  m e c h a n ism  p re d o m in a te d  w ith  in c rea s in g  C T A B  c o n c e n tra tio n  (G urses e t  

a l ,  2 0 0 3 ).
T h e  a d so rp tio n  o f  A O T , sh o rt ch a in  a n io n ic  su rfa c ta n t, on  g raph ite  

p a r tic le s  in  a q u e o u s  so lu tio n s  w a s  d r iv e n  b y  th e  in te ra c tio n s  o f  th e  h y d ro p h o b ic  
c h a in s  o f  th e  su rfa c ta n t w ith  p re d o m in a n tly  h y d ro p h o b ic  g rap h ite  su rface  
(K rish n a k u m a r an d  S o m a su n d a ra n , 1996).
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Ja n c z u k  e t  a l .  (1 9 9 7 ) su g g es ted  th a t, a t h ig h  C T A B  co n cen tra tio n  in  
a q u e o u s  so lu tio n  (ylv v a lu e s  fro m  38.1 to  6 9 .2  m N /ra ) , th e  ad so rb e d  am o u n t a t the  
T e f lo n -w a te r  in te rfa c e  w as  c lo se  to  th a t ad so rb e d  a t th e  w a te r-a ir  in te rface , w hereas 
a t lo w  C T A B  c o n c e n tra tio n  (ylv v a lu e s  h ig h e r  th a n  6 9 .2  m N /ra ) th e  adso rbed  
a m o u n t a t T e flo n -w a te r  in te rface  w as  sev e ra l t im e s  h ig h e r  th a n  a t w a te r-a ir  in terface. 
T h is  m ig h t b e  a  re su lt o f  th e  p re sen ce  o f  a  w e a k  a c id -b a se  in te ra c tio n  across the  
T e f lo n -w a te r  in te rfa c e  w h ic h  p lay ed  a n  im p o rta n t ro le  in  th e  m ech an ism  o f  
a d so rp tio n  a t lo w  C T A B  co n cen tra tio n .

T h e  o rie n ta tio n  o f  th e  su rfa c ta n ts  in itia lly  m ig h t be  p a ra lle l to  th e  
su rfa c e  o f  th e  so lid  o r  s lig h tly  tilted . A s a d so rp tio n  c o n tin u e s , th e  adsorbed  
m o le c u le s  m ig h t b e  o rien ted  m o re  p e rp e n d ic u la r  to  th e  su rface . In  case  o f  sod ium  
d o d e c y l su lfa te , S D S , a d so rp tio n  o n to  G ra p h o n  th e  a d so rp tio n  iso th e rm  show s an  
in f le c tio n  p o in t, w ith  h y d ro p h ilic  h e a d s  o r ie n te d  to w a rd  th e  w a te r  an d  hy d ro p h o b ic  
ta ils  o r ie n te d  to w a rd  th e  so lid  su rface  (R o se n , 1988 ; Z e ttlm o y e r , 1968).

F u rth e rm o re , a  w e ll-d e f in e d  k n e e  o n  th e  a d so rp tio n  iso th e rm  o f  th e  
c a tio n ic  su rfa c ta n t, a  se rie s  o f  tr im e th y la m m o n iu m  b ro m id e s , w h ic h  a d so rb ed  on to  a  
n e g a tiv e ly  c h a rg e d  p o ly s ty re n e  su rface , w as  o b se rv e d  b y  In g ra m  an d  O ttew ill 
(1 9 9 0 ). T h e  k n e e  o c c u rre d  a t th e  p o in t  w h e re  th e  su rfa c e  c h a rg e  o f  th e  partic les 
re v e rse d  (Z o lla r , 2 0 0 1 ). T h ey  c o n c lu d e d  th a t th e  a d so rp tio n  p ro c e ss  u p  th e  knee o f  
th e  iso th e rm  o c c u rre d  v ia  io n ic  in te ra c tio n  b e tw e e n  th e  c a tio n ic  h e a d  g ro u p  and th e  
n e g a tiv e ly  c h a rg e d  su rface . T h e  a d so rp tio n  iso th e rm  a b o v e  th e  k n ee  c lose ly  
re se m b le d  th a t  o b se rv e d  o n to  an  u n c h a rg e d  p o ly s ty re n e  su rface .

T h e  v a r ia tio n  o f  c h a in  le n g th  is a  fa c to r  th a t a lso  affects th e  
• a d so rp tio n  o f  su rfa c ta n ts . T h e  a d so rb e d  a m o u n t o f  c a tio n ic  su rfactan ts,

a lk y ltr im e th y la m m o n iu m  ions, an d  a n io n ic  su rfa c ta n ts , a  se rie s  o f  lin ea r alkyl 
su lfo n a te s  a n d  lin e a r a lk y l su lfa te s , o n  p o ly s ty re n e  la te x e s  in c re a se d  w ith  increasing  
th e  c h a in  le n g th  o f  b o th  su rfac tan ts  (H o e ft an d  Z o lla rs , 1996; D ix it an d  V an jara , 
1999). A n  in c re a se  in  th e  len g th  o f  th e  h y d ro p h o b ic  g ro u p  in c re a se d  e ffic ien cy  and  
e ffe c tiv e n e ss  o f  a d so rp tio n  (R o sen , 1988; C lin t, 1992).

T h e  e ffe c t o f  p o ly m e r  p o la r ity  o n  su rfa c ta n t a d so rp tio n  a lso  w as 
s tu d ie d  b y  m a n y  re se a rch e rs . T h e  a d so rp tio n  o f  so d iu m  d o d e c y l su lfa te  (S D S ) an d
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n o n io n ic  su ifa c ta n ts  o n  su lfo n a ted  p o ly s ty re n e  la tex  o f  v a rio u s  ch a rg e  densities  w as 
in v e s tig a te d  b y  A li e t  a l .  (1 9 8 7 ). F o r  n o n io n ic  su rfac tan t, th e  a d so rp tio n  area  per 
m o le c u le  in c re a se d  w ith  in c rea s in g  th e  su rface  p o la rity . T h e  p a c k in g  o f  th e  nonion ic  
su rfa c ta n t b e c a m e  le ss  d e n se  as  th e  h y d ro p h ilic  c h a ra c te r  o f  th e  su rface  increased  
(R o m e ro -c a ro  e t  a l . ,  1998). S im ila rly , th e  a re a  p e r  m o le c u le  o f  so d iu m  laury l su lfate 
(o r  S D S ) a t v a r io u s  p o ly m e r-w a te r  in te rfa c e s  in c re a se d  w ith  th e  p o la r ity  o f  p o lym er 
(V ija y e n d ra n , 1979).

H o w ev e r, A li e t  a l .  re p o rte d  th e  o p p o s ite  ten d  fo r SD S. T hey  
e x p la in e d  th a t  it m ig h t be  d u e  to  th e  su rfac tan t m o le c u le s  w e re  lik e ly  to  adsorb  in  
m o re  t ig h tly  p a c k e d  co n fig u ra tio n . T h is  e ffe c t o f  su rface  ch a rg e  density  o n  
a d so rp tio n  e x te n d e d  to  th e  re g io n  fro m  -3 to  -7  ( iC /cm 2 (H o e ft an d  Z o lla rs , 1996).

T h e  a d d itio n  o f  n eu tra l e le c tro ly te  a lso  in c rea sed  b o th  th e  effic iency  
a n d  th e  e ffe c tiv e n e ss  o f  a d so rp tio n  o f  io n ic  su rfa c ta n ts  b y  d e c re a s in g  th e  electrical 
re p u ls io n  b e tw e e n  ad so rb e d  m o le c u le s  (R o sen , 1988). T h e  a d d itio n  o f  N aB r 
e ffe c tiv e ly  sc re e n e d  th e  e le c tro s ta tic  re p u ls io n  b e tw e e n  h e a d  g ro u p s  o f  D T A B  and  
la tex  su rface , th e re fo re , th e  a d so rb ed  a m o u n ts  in c re a se d  (D ix it am d  V an ja ra , 1999).

In  2 0 0 4 , S u p a la sa te  s tu d ie d  th e  a d so rp tio n  o f  su rfa c ta n t on  p lastic  
su rfa c e s  an d  its  re la tio n  to  w e ttin g  p h e n o m en a . T h e  re su lts  sh o w ed  tha t the  
a d so rp tio n  o f  su rfa c ta n t a t so lid /liq u id  in te rfa c e  ca u se d  Z ism a n  p lo t to  dev ia te . T he 
d e v ia tio n  o f  Z is m a n ’s p lo t a p p ea red  in  th e  c a se  o f  C P C  o n  p o ly s ty ren e  and  
p o ly e th y le n e  te re p h th a la te . It c an  be  in d ic a te d  th a t  th e  p o la rity  o f  p la s tic s  had an  
e ffe c t o n  w e tta b ility  o f  C P C  w h ile  h ad  no  e ffe c t o n  w e tta b ility  o f  N aO B S . T he 
p o ss ib le  re a so n  is th e  d iffe re n ce  in  th e  le n g th  o f  h y d ro p h o b ic  ta ils  o f  C P C  and  
N a O B S .



8

2.2.3 Structure of Adsorbed Surfactant Layer
The structure of an adsorbed surfactant layer at the solid-liquid 

interface has been studied by using many techniques such as ellipsometer, neutron 
reflectivity, fluolescence spectroscopy, and atomic force microscopy (AFM). AFM 
can be used to image directly the structure of surfactant aggregated at the solid-liquid 
interface (Garbassi e t  a l . , 1994).

The image of interfacial aggregation for CTAB on graphite was 
obtained by using AFM. Atkin e t  a l . (2003) indicated that the most likely surface 
conformation of surfactant was a hemicylindrical arrangement which is represented 
by Figure 2.1. The adsorbed structure of C12TAB on graphite showed a flat 
monolayer at low concentration, followed by the formation of hemicylindrical 
interfacial aggregates (Kiraly and Findenegg, 1998).

Nonionic surfactants appeared to form homogenous monolayers on 
amorphous hydrophobic surface. On graphite, the same surfactants organized 
parallel to the surface at low concentration. Templating self-assembly leaded to the 
formation of hemicylindrical structures (loser to the CMC). Ionic surfactants also 
exhibited the same behavior (Tiberg e t  a l ,  2000).

Most surfactants form hemicylindrical structures on graphite. 
However, the nonionic C10 surfactants did not. They formed homogeneous layer on 
graphite. This suggested that there was probable a specific attractive interaction 
between graphite and alkyl chains that increased in magnitude with the number of 
methylene units (Grant and Ducker, 1997; Grant et ah, 1998). Atkin e t  a l . (2003) 
proposed that this was likely due to the tail length failing to reach a critical length to 
successfully adsorb epitaxially and act as a template for hemicylindrical aggregation.

Furthermore, Grosse and Estel (2000) explained that hemicylinders 
dominated on hydrophobic materials because a large contact area between the 
hydrophobic chains o f the surfactant and the solid surface was thermodynamically 
favorable.
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Figure 2.1 Hemicylinders aggregate at the hydrophobic surface.

2.3 Wetting Phenomena

Wetting in its most general sense is the displacement from a surface of one 
fluid by another. Commonly the term wetting is applied to the displacement of air 
from a liquid or solid surface by water or an aqueous solution.

Wetting can be examined by measuring the contact angle of a drop of 
surfactant solution sitting on the substrate. Wetting means that the contact angle 
between a liquid and a solid is zero, or so close to zero that the liquid spreads easily 
over the solid surface, while non-wetting means that the angle is greater than 90 
degrees, so that the liquid tends to ball-up and run off the surface easily (Garbassi e t  
a l . , 1994).

Wetting, especially wetting of solids by surfactant, is a key phenomenon in 
many applications such as oil recovery, coating, painting, and detergency. Mostly, 
the addition of surfactants to water can enhance the ability of aqueous solution to wet 
and spread over solid surface. However, it does not always enhance wettability; it 
depends on several parameters including molecular structure of the surfactant, and 
the nature of solid surface (Rosen, 1988). .

2.3.1 Contact Angle
Contact angle is the angle between the solid surface and the tangent of 

liquid droplet. The measurement of contact angle is the most rapid and convenient 
way of characterizing surface properties such as wetting, hydrophobicity, and 
surface/interfacial tension which cannot be measured directly.

At the basis of the measurement of solid surface tension by contact 
angle there is the equilibrium at the three-phase boundary. The drop of liquid that
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put on a solid surface will modify its shape under the pressure of the different surface 
or interfacial tensions, until reaching equilibrium (Garbassi e t  a l . , 1994).

The three-phase equilibrium is described in terms of the vectorial 
sum, shown in Figure 2, resulting in the following equation of interfacial 
equilibrium;

Ylv COS0 = Ysv - Ysl (2.1)

Equation 2.1 is generally called Young’s equation which the static contact angle (0) 
was related to the interfacial free energies per unit area of the liquid-vapor (ylv), 
solid-vapor (Ysv), and solid-liquid (ysl) interfaces.

F igure 2.2 Schematic representation of the force balance affecting contact angle.

2.3.2 Measurement of Contact Angle
The three most commonly used method of contact angle measurement 

are the sessile drop, the captive bubble and the Wilhelmy plate technique.
In the sessile drop experiment, a droplet of properly purified liquid is 

put on the soKd surface by means of a syringe or a micropipette. The droplet is 
generally observed by a low magnification microscope, and the resulting contact 
angle, according to Figure 2, is measured by a goniometer fitted in the eyepiece or 
computer program. The sessile drop is the most rapid and convenient method, 
whereas the Wilhelmy plate technique requires the two surfaces of the sample must 
be identical and its plots are difficult to interpret (Garbassi e t  a l . , 1994).
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2.3.3 Wetting by Aqueous Surfactant Solution
The addition of surfactant to water is often necessary to enable water 

to wet the solid or liquid surface because of water has high surface tension, 72 
dyn/cm, and does not spontaneously spread over covalent solids that have surface 
free energies less than 72 erg/cm2. The interfacial tensions of the system will be 
modified by the adsorption of surfactants to the interfaces; therefore, an equilibrium 
wetting can be related to adsorption of the surfactants.

Wetting and adsorption are intimately related phenomena of large 
importance to numerous applications including flotation, detergency, enhanced oil 
recovery, painting and printing. To predict the effect of added surfactants on 
wetting, one needs to know the adsorption isotherms for all three interfaces (Eriksson 
e t  a l ,  2001).

A direct method to investigate in the relation of adsorption to 
equilibrium wetting has been developed by Lucassen-Reynders. By combining the 
Young and Gibbs equations yields

d ( / i x  cos ^) _ rsv — rsL
d Z ,  = r Z  (2 .2)

where Tsv, T s l , and T l v  represent the surface excess of surfactants at solid-vapor, 
solid-liquid, and liquid-vapor interfaces respectively. If Tsv for a surfactant is 
assumed to be zero, a plot of ylv COS0, the adhesion tension, versus Ylv should have a 
slope of -  ( T s l / T l v ) .  When the slope of the plot is negative, wetting is improved by 
the presence of the surfactant; when it is positive, wetting is impaired by its presence 
(Rosen, 1988).

For low surface energy, hydrophobic, solids such as paraffin and 
Teflon, the slope is usually close to -1. Janczuk e t  a l . (1996) showed the linear 
relationship between Ylv COS0 and Ylv for Teflon-CTAB aqueous solution drop-air 
system. The slope was equal to about -1 in the range of high CTAB concentration. 
It was indicated that CTAB adsorption at the Teflon-water interface was the same at 
the water-air interface. However, in the range of low CTAB concentration the slope 
was considerably lower than -1.
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The relationship between adsorption and wetting of nonionic 
surfactant solutions, penta (oxyethylene) dodecyl monoether, C12E5, and 
penta(oxyethylene) decyl monoether, C10E5, on several polymer surfaces was studied 
by Gau and Zografi (1990). Only on paraffin, wetting of surfactant solutions was the 
same as with pure liquids at the same surface tension, whereas wetting was 
increasingly less efficient relative to pure liquids for PS and PMMA. The anionic 
surfactant solution, AOT, also exhibited the same behavior (Pyter e t  a l . , 1982).

From their adhesion tension plots of paraffin, it appeared that Tsl was 
essentially equal to rLV over the entire concentration range. On the other hand, for 
PS and PMMA the ratio of Tsl to Tlv became less than 1, indicative of increasingly 
less efficient wetting as the solid became more polarity.

Moreover, the adhesion tension plots for PS and PMMA by using 
determined contact angles and contact angles estimated from adsorption data were 
compared. The results showed that wetting behavior could be quantitatively 
predicted very well at higher surface tension, in more dilute surfactant solutions 
down to surface tension of about 40 mN/m, by the relative adsorption of surfactants 
to the solid-liquid and liquid-vapor interfaces without including the term Tsv-

In 2003, Dutshk e t  a l . studied the dynamic wetting behavior of 
aqueous solutions of three surfactants, SDS, DTAB, and C12E5, for various polymer 
surfaces. They found that ionic surfactant solutions did not spread on low energy 
surfaces at any concentrations and spread over moderately hydrophobic surfaces 
(with surface energy about 36 mJ/m2). As to the nonionic C12E5, the wetting 
behavior was quite different. This surfactant was found to enhance spreading in 
aqueous solutions on both highly hydrophobic and moderately hydrophobic surfaces.



13

2.3.4 Critical Surface Tension
The plot o f advancing contact angles (COS0) as a function of the liquid 

surface tension (ylv) is usually called the Zisman plot. A typical Zisman plot on a 
hydrophobic polymer is shown in Figure 3.

F igure 2.3 Typical Zisman’s Plot (the substrate is PTFE).

The critical surface tension (yc), the value of liquid surface tension 
required to give a contact angle of zero degree, was defined by the extrapolation of 
the Zisman plot to COS0 = 1,0 -  0°, (Zisman, 1964). The more nonpolar the solid 
surface (low-energy solid surface), the lower the value o f Yc obtained (Goddard and 
Ananth, 1993). Furthermore, tension of the wetting liquid must not exceed a certain 
critical value that is characteristic of particular substrate (Rosen, 1988).
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