
CHAPTER II 
LITERATURE REVIEW

2.1 S u r fa c ta n t

A  su rfactan t (a  co n tra ctio n  o f  th e  term  surface-active agent) is  a su b s ta n c e  
that, w h e n  p resen ts  at lo w  c o n c e n tr a tio n s  in a s y s te m , h a s th e  p ro p erty  o f  a d so r b in g  
o n to  th e su r fa ces  or in te r fa c e s  o f  th e  sy s te m  and  o f  a lter in g  to a m ark ed  d e g r e e  th e  
su r fa c e  or in terfa c ia l free  e n e r g ie s  o f  th o se  su r fa c e s  (or  in te r fa c e s ). T h e  term  inter­
face in d ic a te s  a b o u n d a ry  b e tw e e n  a n y  tw o  im m isc ib le  p h a ses; th e  term  surface d e ­
n o te s  an in ter fa ce  w h e r e  o n e  p h ase  is  a g a s , u su a lly  air (R o se n , 2 0 0 4 ) .

S u rfactan t are w id e ly  u sed  in  m a n y  p ro d u cts  and a p p lic a t io n s  su ch  a s  m eta l  
trea tm en ts , o re  f lo ta tio n , c o sm e t ic  and p h a rm a ce u tica l fo r m u la tio n s , p e s t ic id e s , c u t­
tin g  o i ls ,  d e terg en t, m o to r  o i ls , e m u ls io n  p o ly m e r s  (H o e ft  and Z o lla r s , 1 9 9 6 ), f lo ta ­
tio n  sep ara tio n  o f  p la s t ic  w a s te  (S h ib a ta  et al. , 1 9 9 6 ), m em b ra n e  (P o p e s c u , 1 9 9 4 ),  
p rin tin g  (G erd es , 1 9 9 7 ), so i l r em ed ia tio n  (S m ith , 1996 ; K ib b e y , 2 0 0 0 ) ,  fo o d  p a c k a g ­
in g  f ilm  (K a rb o w ia k , 2 0 0 5 ) ,  and c o r r o s io n  p r e v e n tio n  ( A s e f i ,  2 0 0 9 ) .

2 .1 .1  S tru ctu re o f  S u rfactan t
S u rfa cta n ts  h a v e  a ch a ra c te r is tic  m o le c u la r  stru ctu re c o n s is t in g  o f  a 

h y d r o p h ilic  part, w h ic h  is  m a d e  o f  a w a te r  s o lu b le  s p e c ie s  su ch  a s  an  io n ic  o r  h ig h ly  
p olar gro u p , and a h y d r o p h o b ic  part w h ic h  is  u su a lly  a lo n g -c h a in  h y d ro ca rb o n  or  
n o n -p o la r  gro u p  referred  to  as h ead  and  ta il, r e sp e c t iv e ly .
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Figure 2.1 S c h e m a tic  stru ctu re o f  su rfactan t m o le c u le  m o n o m er .

2 .1 .2  T y p e s  o f  S u rfa cta n t
S u rfa cta n ts  are c la s s if ie d  in to  fou r m a in  ty p e s  a c c o r d in g  to  th e  nature  

o f  th e  h y d r o p h ilic  group: a n io n ic , c a t io n ic , z w itte r io n ic , and n o n io n ic  su rfa cta n ts  
(R o s e n , 2 0 0 4 ) .

Anionic. T h e  s u r fa c e -a c t iv e  p ortion  o f  th e  m o le c u le  b ea rs  a n e g a tiv e  
ch arg e; for  e x a m p le , R C O O " N a+ (so a p ) , R C 6H 4 S 0 3 ~Na+ (a lk y lb e n z e n e  su lfo n a te ) .

Cationic. T h e  s u r fa c e -a c t iv e  p ortio n  o f  th e  m o le c u le  b ea r s  a p o s it iv e  
ch arge; for  e x a m p le , R N H 3 +C1~ (sa lt  o f  a lo n g -c h a in  a m in e ), R N (C H 3)3+C f  (q u a ter­
n ary  a m m o n iu m  ch lo r id e ).

Zwitterionic. B o th  p o s it iv e  and n e g a tiv e  c h a rg es  m a y  b e  p r e se n t in th e  
su r fa c e -a c t iv e  p ortion ; for e x a m p le , R N 4 H 2 C H 2C O O  ( lo n g -c h a in  a m in o  a c id ), 
R N +(C H 3 ) 2 C H 2 C H 2 S 0 3 (S u lfo b e ta in e ) .

Nonionic. T h e  s u r fa c e -a c t iv e  p ortio n  b ears n o  apparent io n ic  ch arge;  
for e x a m p le , R C O O C H 2 C H O H C H 2O H  (m o n o g ly c e r id e  o f  lo n g -c h a in  fa tty  a c id ),  
R C 6 l l 4 (O C 2 H 4) xO H  (p o ly o x y e th y le n a te d  a lk y lp h e n o l) .

2 .1 .3  A lc o h o l E th o x y la te  S u rfactan t
A lc o h o l e th o x y la te s  (A E s )  w h ic h  are th e  m o s t  w id e ly  u se d  n o n io n ic  

su rfa cta n ts  are o n e  o f  th e  v a r io u s  ty p e s  o f  n o n io n ic  su rfa cta n ts  o f  c o m m e r c ia l im p o r­
ta n ce , p a rticu la r ly  a s tra ig h t-c h a in  a lc o h o l to g e th er  w ith  e th y le n e  o x id e .  A lc o h o l  
e th o x y la te s  are " am p h ip h iles"  c o n ta in in g  h yd ro carb on  ta ils  w h ic h  p re fer  o i l  e n v i­
r o n m en ts  and  e th o x y la te d  a lc o h o l g ro u p s w h ic h  p refer  w a ter  e n v ir o n m e n ts . T h e y  are 
prep ared  b y  the rea c tio n  o f  e th y le n e  o x id e  w ith  a lip h a tic  or  a ro m a tic  a lc o h o ls  
(S a tk o w s k i et al., 1 9 6 7 ; C o x , 1 9 8 9 ).

R-OH + nCH2 — C,H 2 ------- ►  R-(O CH 2-C H 2) n-OH
\  /ซ

Figure 2.2 R e a c tio n  o f  e th o x y la te d  a lc o h o ls .
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T h e  a lc o h o ls  m a y  b e  d e r iv e d  from  e ith er  o le o c h e m ic a l  or  p e tr o c h e m i­
ca l so u r c e s . O le o c h e m ic a l a lc o h o l e th o x y la te s  co n ta in  a h ig h ly  lin e a r  h y d ro p h o b e ,  
w h e r e a s  th e  h y d r o p h o b e  in  p e tr o c h e m ic a l-b a se d  a lc o h o l e th o x y la te s  m a y  ran g e  from  
h ig h ly  lin ear  to  h ig h ly  b ra n ch ed , d e p e n d in g  o n  th e  m eth o d  o f  m a n u fa c tu re  (V ara d a-  
raj et al. 5 1991; R o se n , 2 0 0 4 ) .  C o n se q u e n tly , p e r fo rm a n ce  ca n  b e  o p t im iz e d  b y  v a r y ­
in g  th e  a v era g e  h y d r o p h o b ic  part, h y d r o p h ilic  part, and d istr ib u tio n  o f  th e  e th o x y e -  
th y le n e  grou p  (C o x , 1989 ; H a m a  et al.,  1 9 9 7 a , 1 9 9 7 b ; G e n o v a  et al. , 2 0 0 3 ;  
G o n z a le z -G a r c ia  et al., 2 0 0 4 ) .

A E s  b io d e g r a d e  m o r e  r e a d ily  than  a lk y lp h e n o l e th o x y la te s  (K ib b e y , 
2 0 0 0 ) .  A E s  are m o r e  to lera n t o f  h ig h  io n ic  s tre n g th  and hard w a ter  th a n  a n io n ic  su r­
fa c ta n ts  and e x h ib it  b etter  s ta b ility  in h ot a lk a lin e  s o lu t io n s  than e th o x y la te d  fa tty  
a c id s . T h e y  a lso  h a v e  e x c e lle n t  c o m p a tib ility  w ith  e n z y m e s  in  la u n d ry  fo rm u la tio n s . 
T h e y  are a lso  m o r e  w a te r -s o lu b le  and h a v e  b e tter  w e tt in g  p o w e r s  than c o r r e sp o n d in g  
fa tty  ac id  e th o x y la te s , s o m e w h a t  b etter  than  th e  c o r r e sp o n d in g  a lk y lp h e n o l e th o x ­
y la te s  (A P E ), c o m m o n  c o m m e r c ia l n o n io n ic  su rfactan t, fo r  e m u ls if ic a t io n ;  are m o re  
w a te r -so lu b le  th an  lin ear  a lk y l su lfo n a te  or  L A S , c o m m o n  c o m m e r c ia l a n io n ic  su r­
fa cta n t, for  u se  in  h ig h  a c t iv e , h e a v y -d u ty  liq u id  d e te r g e n ts  free  o f  p h o sp h a te s;  and  
are m o r e  e f fe c t iv e  d e te r g e n c y  than  L A S  u n d er  c o o l  w a s h in g  c o n d it io n s  and o n  s y n ­
th e t ic  fab rics. A E  are e x c e lle n t  d e te r g e n ts  fo r  r e m o v a l o f  o i ly  s o il and are  o fte n  u se d  
in la u n d ry  p ro d u cts , e s p e c ia l ly  liq u id s . T h e y  are  a lso  e x c e lle n t  e m u ls if ie r s  and  s u s ­
p e n d in g  a g en ts  in  n u m e r o u s  in d u str ia l a p p lic a t io n s  su ch  as s o i l  r e m e d ia tio n  (K ib b e y , 
2 0 0 0 ) ,  w h e r e  th e y  c o m p e te  w ith  a lk y lp h e n o l e th o x y la te s  (R o s e n , 2 0 0 4 ) .

2 .1 .4  M ic e l le  F o r m a tio n  P rop erty
A  s in g le  m o le c u le  o f  a su rfa cta n t is  c a lle d  a m o n o m e r . W h e n  a c o n ­

cen tra tio n  o f  su rfa cta n t is  h ig h  e n o u g h , th e  m o n o m e r s  or su rfactan t m o le c u le s  w il l  
n u c le a te  to  form  a g g r e g a te s  c a lle d  m ic e l le s .  T h is  p r o c e ss  is  c a lle d  m ic e l l iz a t io n , and  
th e  co n ce n tr a tio n  at w h ic h  th is  p h e n o m e n o n  o c c u r s  is  c a l le d  th e  critical micelle con­
centration (C M C ).
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F ig u re  2 .3  S c h e m a tic  o f  a m o n o m e r  and a m ic e lle .

M a n y  p h y s ic a l p ro p er tie s  o f  so lu t io n s  o f  s u r fa c e -a c t iv e  a g e n ts  c h a n g e  
m a rk ed ly  w h e n  m ic e lle  fo rm a tio n  c o m m e n c e s ;  s o m e  p h y s ic a l p r o p e r tie s  in c r e a se  or  
d e crea se , o th ers  tend to  b e  c o n sta n t (C o x , 1989; V aradaraj et al., 19 91 ; H o e ft  and  
Z o lla rs , 19 96 ; R o m e r o -C a n o  et al., 1 9 9 8 ; P iisp a n e n  et al., 2 0 0 3 ) .  D e p e n d e n c e  o f  
th e se  p rop erties  on  C M C  is  d er iv ed  fro m  c o n c e n tr a tio n  o f  m o n o m e r  an d /o r  m ic e lle ;  
it re la tes to  m o n o m e r -m ic e l le  eq u ilib r iu m . T h e  e q u ilib r iu m  resu lt from  stru ctu res o f  
surfactant; w h ic h  are h y d r o p h o b ic  part m a in ly  c o n s is t in g  o f  lo n g  a lk y l ch a in  and h y ­
d ro p h ilic  part w h ich  h a v e  e ith er  c h a r g e  gro u p  in  io n ic  su rfactan t o r  p o la r  g ro u p  in  
n o n io n ic  su rfactan t. F or e x a m p le , b r a n c h in g  a lk y l c h a in  len g th  d is fa v o r  m ic e l l iz a t io n  
(o r  in crea se  C M C ) but e n h a n c e  a d so rp tio n  d u e  to  rea c h  to m e s o -e q u ilib r iu m  faster  
and y ie ld in g  h ig h er  e f f e c t iv e n e s s  ( lo w e r  Yc m c )  (V arad araj et al., 1 9 9 1 ; G e n o v a  et al.,
2 0 0 3 ) .In crea se  in e th y le n e  o x id e  c o n te n t  in  A E s  in c r e a se  th e  C M C  and Yc m c  (C o x ,  
1 9 8 9 ).

M a n y  te c h n iq u e s  can  b e  u se d  for C M C  d e te r m in a tio n  su c h  as U V - V is  
sp ec tro m etry , su rfa ce  te n s io n  d e te r m in a tio n , and c o n ta c t  a n g le  m e a su r e m e n t. S u r fa c e  
te n s io n  m ea su rem en t is  g e n e r a lly  stan d ard  m eth o d  fo r  C M C  d e te r m in a tio n  (R o m e r o -  
C a n o  et al., 19 98 ; G e n o v a  et al., 2 0 0 3 ) .

2.2 S u r fa ce  T en sio n

T h e  in terfa c ia l (o r  su r fa c e )  te n s io n  is  a m e a su r e  o f  th e  d if fe r e n c e  in  n atu re  
o f  the tw o  p h a se s  m e e t in g  at th e  in te r fa c e  (o r  su r fa c e ). In o th er  w o r d s , th e  in te r fa c ia l 
te n s io n  b e tw e e n  tw o  p h a se s  is  th e  in te r fa c ia l free  e n e r g y  per u n it area  b e tw e e n  th em .
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T h e  in ter fa c ia l free  e n e r g y  is  th e  m in im u m  am o u n t o f  w o rk  req u ired  to  c rea te  un it  
area o f  th e  in te r fa c e  or  to  ex p a n d  it b y  un it area (R o se n , 2 0 0 4 ) .

ท,ท =  / ,  X A /l (1 )

S u rfactan t can  ad so rb  at s o m e  or all o f  th e  in ter fa ces  in th e  sy s te m  and s ig ­
n if ic a n t ly  c h a n g e s  th e  a m o u n t o f  w o rk  req u ired  to  exp a n d  th o se  in te r fa c e s . T h e r e fo r e , 
th e y  u su a lly  act to r ed u ce  in ter fa c ia l (or  su r fa c e )  te n s io n . S u r fa c e  te n s io n  d e p e n d s  
d ir e c t ly  o n  th e  r e p la c e m e n t o f  m o le c u le s  o f  s o lv e n t  at th e  in te r fa c e  b y  m o le c u le s  o f  
su rfactan t, and th ere fo re  o n  th e  su r fa c e  (or  in ter fa c ia l)  e x c e s s  c o n c e n tr a t io n  o f  th e  
su rfa cta n t, as sh o w n  b y  th e  G ib b s  eq u a tio n  (G e n o v a  et al., 2 0 0 3 ) .

S ta tic  su r fa ce  te n s io n  can  b e  d e term in ed  b y  v a r io u s  te c h n iq u e s ;  D u  N o u y  
rin g , sp in n in g  drop , p en d a n t drop , and W ilh e lm y  p la te  m eth o d  ( C o x , 1989 ; V aradaraj 
et al., 1991 ; H am a et al., 1 9 9 7 a , 19 97 b ; B ahr et a i,  1 9 9 9 ). M a n y  p ara m eters can  b e  
c a lc u la te d  from  7 lv  b y  p u tt in g  certa in  e q u a tio n s  su ch  as C M C , e f f ic ie n c y  in  su r fa c e  
te n s io n  red u ction  (îtcM c), e f fe c t iv e n e s s  in  su r fa c e  te n s io n  re d u c tio n  (P C 2 0), su r fa c e  
e x c e s s  co n cen tra tio n  (T,nax), and m in im u m  area p er m o le c u le  at th e  liq u id /v a p o r  in ­
ter fa c e  (a s) (V aradaraj et al., 1991; R o se n , 2 0 0 4 ) .

2.3  S u r fa c ta n t A d so rp tio n

A d so rp tio n  is  th e  a c c u m u la tio n  o f  a to m s or  m o le c u le s  o n  th e  su r fa c e  o f  a 
m a ter ia l. T h is  p r o c e ss  c r e a te s  a f ilm  o f  th e  a d so rb a te  (th e  m o le c u le s  o r  a to m s b e in g  
a c c u m u la te d )  on  the a d so rb en t's  su r fa c e . In su rfactan t a q u e o u s  s y s te m , su rfactan t  
m o n o m e r s  fir s tly  tend to  ad sorb  at su r fa c e  or  in te r fa c e  w h ic h  are w a te r -a ir  su r fa c e  
and  w a te r -c o n ta in e r  w a ll in ter fa ce . T h e s e  p h e n o m e n a  can  b e  e x p la in e d  b y  e le c tr ic a l  
d o u b le  la y er  m o d e l.

2 .3 .1  T h e  E lec tr ica l D o u b le  L a y er
T h e  e le c tr ic a l d o u b le  la y er  is  a stru ctu re that d e sc r ib e s  th e  va r ia tio n  o f  

e le c tr ic  p o ten tia l near a su r fa c e . A t a n y  in te r fa c e  th ere  is  a lw a y s  an u n eq u a l d is tr ib u ­
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t io n  o f  e lec tr ic a l c h a rg es  b e tw e e n  th e tw o  p h a se s . T h is  u n eq u a l d istr ib u tio n  c a u se s  
o n e  s id e  o f  th e  in te r fa c e  to a cq u ire  a net c h a r g e  o f  a p articu la r  s ig n  and th e  o th er  s id e  
to  a cq u ire  a net c h a rg e  o f  th e  o p p o s ite  s ig n , g iv in g  r ise  to  a p o te n tia l a c r o ss  th e  in ter­
fa c e  (R o se n , 2 0 0 4 ) .  T h e  cu rrent c la s s ic a l e le c tr ic a l d o u b le  la y er  is  th e  G o u y -  
C h a p m a n -S te r n  m o d e l, w h ic h  c o m b in e s  th e  H e lm h o ltz  s in g le  a d so rb ed  la y er  w ith  
th e  G o u y -C h a p m a n  d if fu s e  layer .

F ig u r e  2 .4  S tern  m o d e l o f  th e  e lec tr ic a l d o u b le  la yer .

2 .3 .2  A d so r p tio n  o f  S u rfa cta n t at th e  S o lid /L iq u id  In terface
T h e  a d so rp tio n  o f  su rfa cta n ts  at th e  s o l id /l iq u id  in te r fa c e  is  s tr o n g ly  

in f lu e n c e d  b y  a n u m b ers o f  factor: ( 1 ) th e  n atu re o f  th e  structural g ro u p s o n  th e  s o l id  
su r fa c e  (S c a le s  et a l, 1986 ; H o e ft  and Z o lla r s , 1 9 9 6 ; R o m e r o -C a n o  et al. , 1 9 9 8 );  (2 )  
th e  m o le c u la r  stru ctu re o f  th e  su rfa cta n t b e in g  a d so rb ed  (th e  a d so rb a te ) (V arad araj et 
al. , 1991 ; H o e ft  and Z o lla rs , 1 9 9 6 ; H am a et al., 19 97 a ; R o m e r o -C a n o  et a l,  1 9 9 8 );  
an d  (3 )  th e  en v ir o n m e n t o f  a q u e o u s  p h a se . T o g e th e r  th e se  fa c to rs  d e te r m in e  th e  m e ­
ch a n ism  b y  w h ic h  a d so rp tio n  o c c u r s , and th e  e f f ic ie n c y  and  e f fe c t iv e n e s s  o f  ad so rp ­
tion .
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T h ere  are a n u m b er o f  m e c h a n ism s  b y  w h ic h  s u r fa c e -a c t iv e  s o lu te s  
m a y  ad sorb  o n to  so lid  su b stra tes  from  a q u e o u s  so lu tio n  a s  f o l lo w  su c h  as io n  e x ­
c h a n g e , io n  p arin g , a c id -b a s e  in tera ctio n , and a d so rp tio n  b y  p o la r iz a tio n  o f  71 e le c ­
tron s, a d so rp tio n  b y  d isp ers io n  fo r c e s , and h y d ro p h o b ic  b o n d in g  (J a n czu k  et al. , 
19 97 ; R o se n , 2 0 0 4 ) .  In a q u e o u s  sy s te m , th e  su rfactan t stru ctu re fo r m e d  d e p e n d  u p on  
th e  in teraction  o f  th e  su rfactant m o le c u le s  w ith  th e  so lid  su r fa c e  in  su c h  fa sh io n  as to  
m in im iz e  e x p o su r e  o f  th e  h y d r o p h o b ic  g ro u p s to  the a q u eo u s  p h a se  (R o s e n , 2 0 0 4 ) .

2.3.2.1 Adsorption Isotherm
A d so rp tio n  iso th erm  is  a m ath em a tica l e x p r e s s io n  that re la te s  

th e  co n cen tra tio n  o f  ad so rb a te  at th e  in te r fa c e  to  its eq u ilib r iu m  c o n c e n tr a t io n  in th e  
liq u id  p h ase . It is  th e  u su a l m eth o d  o f  d e sc r ib in g  a d so rp tio n  at th e  so l id /l iq u id  in ter ­
fa ce . A  v a r ie ty  o f  an a ly tica l te c h n iq u e s  are a v a ila b le  for d e te r m in in g  th e  c h a n g e  in  
c o n cen tra tio n  o f  th e  su rfactant.

For d ilu te  so lu t io n  o f  su rfactan t, th e  su r fa c e  c o n c e n tr a t io n  r, 
in  p m o l/rn 2, o f  th e  su rfactan t m a y  b e  c a lc u la te d  can  b e  c a lc u la te d  from  th e  c o n c e n tr a ­
t io n s  o f  th e  so lu te  in th e  liq u id  p h a se  b e fo r e  and after th e  s o lu t io n  is  m ix e d  w ith  th e  
f in e ly  d iv id e d  so lid  ad sorb en t (R o se n , 2 0 0 4 ) .

r  = {C ,-C f ) ^ v se1
1 0 0 0  X พ p h s 1ic X a 5

( 2 )

w h e r e  r = a d so rp tio n  o f  su rfactan t, (p m o le /m 2 p la s t ic )
Ci = in itia l S u rfactan t so lu t io n  c o n c e n tr a t io n , (p M )

Cf = f in a l S u rfactan t so lu tio n  c o n c e n tr a tio n , (p M )
Vso, = v o lu m e  o f  so lu t io n , (m l)
W p la stic = w e ig h t  o f  p la st ic , (g )
as = s p e c if ic  su r fa c e  area o f  p la s t ic . (m 2 /g )
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F or so lid  su b stra tes  that ca n n o t b e  o b ta in ed  in f in e ly  d iv id e d  form , but ca n  b e  o b ­
ta in ed  as a p lanar, sm o o th , n o n p o r o u s  su r fa ce  on  f ilm , su rfa ce  c o n c e n tr a t io n s  can  
s o m e t im e s  b e  ca lc u la te d  from  co n ta c t  a n g le s .

T h e  a d so rp tio n  iso th erm  can  th en  b e  p lo tted  in  term  o f  r  as a 
fu n c tio n  o f  Cj. T h e  su r fa ce  area per a d so rb a te  m o le c u le  o n  th e  in te r fa c e  or  ad so rb en t  

a in  sq u are  a n g str o m (s)  is

1 0 23

N T (3)

w h e r e  N  is  A v o g a d r o ’s n u m b er , and  r  is  in  m o l /1 0 0 0  m 2.

V a r io u s  te c h n iq u e s  can  b e  u sed  for d e te r m in in g  eq u ilib r iu m  
b u lk  su rfactan t c o n cen tra tio n  d e p e n d in g  on  th e nature o f  su rfactant su c h  as U V -V is  
sp ec tr o m e tr y , and io n  ch ro m a to g r a p h y  (K ro n b erg  et al. , 1 9 8 4 a , 19 84 b ; H o e ft  and  
Z o lla rs , 1 9 9 6 ; R o m e r o -C a n o  et al. , 1998 ; Jan czu k  et al., 1997 ; G u rses  et al., 2 0 0 3 ;  
R o se n , 2 0 0 4 ) .  A lte r n a tiv e ly , co n ce n tr a tio n  o f  su rfactan t m o le c u le  is  a b le  to  b e  d e ­
term in ed  b y  d e te r m in in g  carb o n  in  th e  su rfactant stru ctu re w ith  tota l o r g a n ic  carb on  
an a lyzer .

2.3.2.2 Langmuir Adsorption Isotherm
A  ty p e  o f  a d so rp tio n  iso th erm  c o m m o n ly  o b se r v e d  in  a d so rp ­

t io n  from  s o lu t io n s  o f  su rfa cta n ts  is  th e  L a n g m u ir -ty p e  iso th erm  (R o s e n , 2 0 0 4 ) ,  e x ­
p re ss  b y

<4)

w h e r e  r m =  th e  su r fa ce  c o n c e n tr a tio n  o f  th e  su rfactan t, in m o l/c m 2, at m o n o la y e r  
ad so rp tio n ,

c  =  th e  co n ce n tr a tio n  o f  th e  su rfactan t in th e  liq u id  p h a se  at a d so rp tio n  
eq u ilib r iu m , in  m o l / 1 ,



a = a co n sta n t [ =  5 5 .3 e x p (A G ° /R T )] , in  m ol/1 , at a b so lu te  tem p era tu re  T , 
in  th e  v ic in ity  o f  ro o m  tem p era tu re  and w h e r e  A G ° is  free  e n e r g y  o f  
ad so rp tio n  at in f in ite  d ilu t io n .

T h is  ty p e  o f  a d so rp tio n  is  v a lid  in  th e o r y  o n ly  u n d er  the fo l lo w in g  c o n d it io n s:
1. T h e  a d so rb en t is  h o m o g e n e o u s .
2 . B o th  s o lu te  and so lv e n t  h a v e  eq u a l m o la r  su r fa ce  areas.
3. B o th  su r fa c e  and b u lk  p h a se s  e x h ib it  id ea l b eh a v io r .
4 . T h e  a d so rp tio n  f ilm  is  m o n o m o le c u la r .

M a n y  su rfactan t s o lu t io n s  s h o w  L a n g m u ir -ty p e  b e h a v io r  e v e n  w h e n  th e s e  re str ic ­
t io n s  are n ot m et.

W h en  a d so rp tio n  f o l lo w  th e  L a n g m u ir  e q u a tio n , d e te r m in a ­
tio n  o f  th e  v a lu e s  o f  r m and a p erm its  c a lc u la t io n  o f  the area p er  a d so rb ed  m o le c u le  
at su r fa c e  satu ration  and th e  free  e n e r g y  o f  a d so rp tio n  at in f in ite  d ilu tio n . T o  d e te r ­
m in e  w h e th e r  a d so rp tio n  is  f o l lo w in g  th e  L a n g m u ir  e q u a tio n  and to p erm it c a lc u la ­
tio n  o f  th e  v a lu es  o f  r m and a, th e  e q u a tio n  is  u s u a lly  tran sfo rm ed  in to  lin ear  form  b y  
in v e r tin g  it. T h u s,

c  _ _ c  a_ 
r  = r  + rm ทใ (5)

A  p lo t  o f  c / r  v e r su s  c  sh o u ld  b e  a stra ig h t l in e  w h o s e  s lo p e  is  1/T m and  w h o s e  in ter­
cep t w ith  th e  ord in a te  is  a/rm. E x a m p le s  o f  L a n g m u ir -fitt in g  c u r v e  w e r e  s h o w n  
e ls e w h e r e  (H oefit and Z o lla r s , 1996 ; R o m e r o -C a n o  et a i, 1998 ; G o n z a le z -G a r c ia ,
2 0 0 4 ) .

23.23 Adsorption on Hydrophobic Surface
T h e  a d so rp tio n  o f  m o le c u la r  ch a in s su c h  as su rfa cta n ts  o n to  

so lid /l iq u id  in ter fa ces  e s p e c ia l ly  h y d r o p h o b ic  su r fa c e  is  o f  a grea t in terest b e c a u s e  o f  
its  r o le  in  nature and in d u str ia l a p p lic a t io n s . E a ch  im p r o v e m e n t in  th e  k n o w le d g e  o f
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th is  p h e n o m e n o n  h as im p ortan t c o n s e q u e n c e s  fo r  d ifferen t f ie ld s  in c lu d in g  in d u stry , 
m e d ic in e , and b io lo g y  (P u tth arak , 2 0 0 6 ) .

A n  in c r e a se  in  th e  a lk y l c h a in  len g th  in c r e a se s  th e  a d so rp tio n  
a ff in ity , h e n c e  th e  ad so rp tio n  o f  su rfa cta n ts (H o e ft  and Z o lla r s , 19 96 ; R o s e n , 2 0 0 4 ) .  
F or e x a m p le , H o e ft  and Z o lla rs  ( 1 9 9 6 )  s tu d ied  to  ad so rp tio n  o f  a n io n ic  su r fa c ta n t—  
su lfa te  and su lfo n a te  su rfa cta n ts— w ith  v a r ied  h y d r o p h o b ic  ch a in  len g th  (C g to C 1 2 ). 
T h e y  fou n d  that su rfa cta n ts w ith  sh o rter  a lk y l c h a in  len g th  g iv e  th e  h ig h er  a d so rp tio n  
co m p a red  w ith  th e  c o r r e sp o n d in g  su rfactan t and  th e s a m e  su r fa c e s . O n  th e  o th er  
h an d , an in crea se  in h y d r o p h ilic  c h a in  le n g th  g iv e s  lo w e r  a d so rp tio n  o f  su r fa c ta n ts  
( S c a le  et al. , 1986 ; R o m e r o -C a n o  et al., 1 9 9 8 ; R o se n , 2 0 0 4 ) .  R o m e r o - C a n o et al. 
( 1 9 9 8 )  s tu d ied  th e  a d so rp tio n  o f  n o n io n ic  su rfactan t w ith  a  s e r ie s  o f  p o ly e th y le n e  
o x id e  (P O E ) grou p . T h e y  fo u n d  that su rfa cta n t w ith  lo w e r  n u m b er  o f  P O E  grou p  
w o u ld  adsorb  m o re  am o u n t than o n e  w ith  h ig h e r  n u m b er o f  P O E  grou p .

S u rfa ce  c h a r g e  d e n s ity  o f  su rfa ce  a f fe c t  o n  th e  a d so r p tio n  as  
w e ll .  H o e ft  and Z o lla rs  ( 1 9 9 6 )  in v e s t ig a te d  th e  a d so rp tio n  o f  a  se r ie s  o f  lin e a r  a n io ­
n ic  su rfactan t o n  su lfo n a te d  p o ly s te r e n e  la te x  w ith  v a r io u s  c h a r g e  d e n s it ie s .  T h e y  
fo u n d  that, in th e  r e g io n  o f  lo w  su r fa c e  c h a rg e  d e n s ity , th e  a m o u n t o f  a d so r b e d  su r­
factan t se e m  to  in c r e a se  w ith  in c r e a s in g  su r fa c e  ch a rg e  d e n s ity . T h is  m a y  p r o b a b ly  
d e r iv e d  from  a resu lt o f  c o n fig u r a tio n a l rea rra n g em en ts  o f  th e  a d so rb ed  su rfa cta n t  
d u e  to  th e  ch a rg e  o n  su r fa c e s  le a d in g  to  an in c r e a se  in  su r fa c e  area  a v a ila b le  for ad ­
so rp tio n . H o w e v e r , su r fa ce  w ith  h ig h  su r fa ce  c h a rg e  d e n s ity  s e e m e d  to  o b ta in  lo w  
a d so rp tio n  co m p a red  to o n e  w ith  lo w  su rfa ce  c h a r g e  d e n s ity . It m ig h t  b e  b e c a u s e  su r­
fa c e  ch a rg es  rep el th e  su rfactan t that try to  a d so rb , th e  a m o u n t o f  su rfa cta n t a d so rp ­
tio n , th erefore , w o u ld  b e  lo w . T h is  resu lt w a s  in  a g reem en t w ith  th e  s tu d y  in  n o n io ­
n ic  su rfactan t (R o m e r o -C a n o  et al. , 1 9 9 8 ), that is , su r fa ce  w ith  lo w  su r fa c e  ch a rg e  
d e n s ity  g iv e  h ig h e r  ad so rp tio n  co m p a r e d  to  o n e  w ith  h ig h  su r fa c e  c h a rg e  d e n s ity .

2.3.2.4 Structure o f Adsorbed Layer
B e s id e s  th e  in d u str ia l im p o r ta n c e  o f  su rfa cta n t a d so r p tio n , th e  

stru ctu re o f  a d so rb ed  la yer  and th e  fo r c e s  in v o lv e d  are a lso  o f  g e n u in e  s c ie n t i f ic  in ­
terest. T h e  in -p la n e  m o le c u la r  o r g a n iz a tio n  o f  ad so rb ed  su rfa cta n ts  at th e  s o l id /l iq u id  
in te r fa c e  or th e  stru ctu re o f  su rfa cta n t layer  h a s  b e e n  s tu d ied  b y  a to m ic  fo r c e  m ic r o -
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s c o p y  (A F M ). In a d d itio n , th e  te c h n iq u e  can  b e  u sed  for m e a su r e m e n ts  o f  fo r c e  
c u r v e s  and , in d irec tly , th ic k n e ss  o f  a d so rb ed  la yers. R e c e n tly  th is  te c h n iq u e  h a s b e e n  
u sed  to s tu d y  th e eq u ilib r iu m  stru ctu re o f  a n io n ic , c a t io n ic , z w itte r io n ic , and n o n io ­
n ic  su rfa cta n ts a d so rb ed  to  a v a r ie ty  o f  su r fa c e s  (G rant et al. , 2 0 0 0 ) .

G rant et al. ( 2 0 0 0 )  s tu d ied  th e  stru ctu re o f  a d so rb ed  su r fa c ­
tan ts on  th e  su r fa ces  w ith  va r ied  h y d r o p h o b ic ity . T h e y  fo u n d  that th e  f o l lo w in g  g e n ­
eral e v o lu t io n  o f  th e  ad so rb ed  layer  m o r p h o lo g y  w ith  in c r e a s in g  su r fa c e  h y d r o p h o ­
b ic ity  w a s  ob serv ed : d if fu s e  m ic e lla r  c o v e r a g e ;  d e n se  m ic e lla r  c o v e r a g e ;  b ila yer; and  
f in a lly  a m o n o la y e r  stru ctu re at th e  m o s t  h y d r o p h o b ic  su rfa ce . In a d d it io n , th e y  c o n ­
c lu d e d  that h y d r o p h o b ic  in tera ctio n  w a s  th e  m a in  d r iv in g  fo r c e  for a d so rp tio n  o f  
e th y le n e  o x id e  se g m e n ts .

2 .3 .3  A d so r p tio n  o f  S u rfactan t at th e  L iq u id /V a p o r  and L iq u id /L iq u id  In ter­
fa c e s

T h e  d irect d e term in a tio n  o f  th e  a m o u n t o f  su rfa cta n t a d so rb ed  p er u n it  
area o f  liq u id /v a p o r  (L /V )  or  liq u id /liq u id  (L /L ) in ter fa ce , a lth o u g h  p o s s ib le ,  is  n ot  
g e n e r a lly  u n d ertak en  b e c a u se  o f  th e  d if f ic u lty  o f  is o la t in g  th e  in te r fa c ia l r e g io n  from  
th e  b u lk  p h a se (s )  for  p u r p o se s  o f  a n a ly s is  w h e n  th e  in ter fa c ia l r e g io n  is  s m a ll, and o f  
m e a su r in g  th e  in ter fa c ia l area w h e n  it is  large . In stea d , th e  a m o u n t o f  m ateria l a d ­
so rb ed  p er  un it area o f  in te r fa c e  is  c a lc u la te d  in d ir e c tly  from  su r fa c e  or in ter fa c ia l 
te n s io n  m e a su r e m e n ts  (V aradaraj et al. , 19 91 ; H a m a  et al., 1 9 9 7 a ). A s  a resu lt, a p lo t  
o f  su r fa ce  (o r  in ter fa c ia l)  te n s io n  as a fu n c tio n  o f  (e q u ilib r iu m ) c o n c e n tr a tio n  o f  su r­
factan t in  o n e  o f  th e  liq u id  p h a se s , rather than an a d so rp tio n  iso th e r m , is  g e n e r a lly  
u sed  to  d e sc r ib e  ad so rp tio n  at th e se  in te r fa c e s . F rom  su ch  a p lo t th e  am o u n t o f  su r­
factan t ad so rb ed  per u n it area o f  in te r fa c e  can  r ea d ily  b e  c a lc u la te d  b y  u s e  o f  th e  
G ib b s  ad so rp tio n  eq u a tio n  (R o s e n , 2 0 0 4 ) .

2 .3 .4  G ib b s  A d so r p tio n  E q u atio n
T h e  G ib b s  ad so rp tio n  e q u a tio n , in  its  m o st  g en era l form ,

d y  = - T V  1d f i  1 (6)
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w h e r e  dy = t h e  c h a n g e  in  su r fa c e  or  in te r fa c ia l te n s io n  o f  th e  s o lv e n t ,
r j = t h e  su r fa ce  e x c e s s  co n ce n tr a tio n  o f  an y  c o m p o n e n t  o f  th e  s y s te m ,  
dpi = t h e  c h a n g e  in  c h e m ic a l p o ten tia l o f  an y  c o m p o n e n t  o f  th e  sy s te m ,

is  fu n d am en ta l to  all a d so rp tio n  p r o c e s se s  w h e r e  m o n o la y e r s  are fo rm ed  (R o se n , 
2 0 0 4 ) .  A t eq u ilib r iu m  b e tw e e n  th e  in ter fa c ia l an d  bu lk  p h a se  c o n c e n tr a t io n , dp, =  
R T d ln aj, w h ere  3j =  the a c t iv ity  o f  a n y  c o m p o n e n t  in th e  b u lk  liq u id  p h a se , R  =  the  
g a s  c o n sta n t, T  =  th e a b so lu te  tem p era tu re, and  for  d ilu te  so lu t io n  ( 1 0 2 M  or le s s )  
c o n ta in in g  o n ly  o n  n o n o d is so c ia t in g  s u r fa c e -a c t iv e  so lu te , th e  a c t iv ity  o f  th e  so lv e n t  
o f  th e  so lu te  can  b e  rep la ced  b y  its m o la r  co n ce n tr a tio n  c .  T h u s,

dy = -R  TTd In c  (7 )

w h ic h  is th e  form  in w h ic h  th e  G ib b s  eq u a tio n  is  c o m m o n ly  u sed  for s o lu t io n  o f  n o n ­
io n ic  su rfactan ts c o n ta in in g  n o  o th er  m ater ia ls .

F or  s u r fa c e -a c t iv e  so lu te s  th e  su r fa c e  e x c e s s  c o n c e n tr a t io n , r  can  b e  
c o n s id e r e d  to b e  eq u a l to  th e  actu al su r fa ce  c o n cen tra tio n  w ith o u t s ig n if ic a n t  error. 
T h e  c o n c e n tr a tio n  o f  su rfactant at th e  in ter fa ce  m a y  th erefore  b e  c a lc u la te d  from  su r­
fa c e  o r  in ter fa c ia l te n s io n  d ata  b y  u se  o f  th e  ap p rop riate  G ib b s  e q u a tio n . T h u s , for  
d ilu te  so lu t io n  o f  a n o n io n ic  su rfa cta n t, or for a 1 : 1  io n ic  su rfactan t in  th e  p r e se n c e  o f  
a s w a m p in g  am o u n t o f  e le c tr o ly te  c o n ta in in g  a  c o m m o n  n o n su rfa cta n t io n ,

r 1

2.303RT
dy

, d l o g c J r
( 8 )

and th e  su r fa ce  co n ce n tr a tio n  can  b e  o b ta in ed  from  th e s lo p e  o f  a p lo t o f  y  v e r su s  lo g  
c  at c o n sta n t tem p era tu re  (w h e n  y  is  in  d y n /c m  or  e r g s /c m 2 and R =  8 .31  X 1 0 7 ergs  
m o l 1 K"1, then , r  is  in m o l /c m 2; w h e n  y is  in m  N n T 1 or m  J m ’ 2 and R =  8 .31  J m o l"1 

K"', r ,  is  in m o l /1 0 0 0  m 2) (R o s e n , 2 0 0 4 ) .
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A  ty p ica l p lo t for  a d ilu te  so lu t io n  o f  an in d iv id u a l su rfa cta n t ( su r fa c ­
tant are o fte n  u se d  at c o n c e n tr a tio n s  o f  le s s  than 1 X 1 0 "2 M ) is  fo rm ed . T h e  b reak  in  
th e  cu rv e  o c c u r s  at th e  cr itica l m ic e l le  co n ce n tr a tio n  (C M C ) (C o x , 19 89 ; V aradaraj et 
al. , 1991; P iisp a n e n  et al., 2 0 0 3 ) .  A b o v e  th is  c o n cen tra tio n  th e  su r fa c e  te n s io n  o f  th e  
so lu t io n  re m a in s  e s s e n t ia lly  c o n sta n t s in c e  o n ly  th e  m o n o m e r ic  form  c o n tr ib u tes  to  
red u ctio n  o f  th e  su r fa ce  or  in ter fa c ia l te n s io n .

F ig u r e  2 .5  P lo t  o f  su r fa ce  te n s io n  v e r su s  lo ga rith m  o f  th e  b u lk  p h a se  c o n c e n tr a t io n  
fo r  an a q u e o u s  so lu t io n  o f  a su rfactan t.

2 .3 .5  P o in t o f  Z ero  C h a rg e  (P Z C )
T h e  p o s it io n  o f  th e  PZ C  d e f in e s  the a f f in ity  o f  th e  su r fa c e  to  th e  io n ic  

s p e c ie s ,  e s p e c ia l ly  io n ic  su rfa cta n ts  and p o ly e le c tr o ly te s , w h ic h  are w id e ly  u se d  to  
m o d ify  th e  su r fa c e  p ro p erties . T h en , th e  k n o w le d g e  o f  th e  P Z C  o f  th e  m a ter ia ls  o f  
in terest fa c il ita te s  th e  c h o ic e  o f  a su rfa cta n t for a s p e c if ic  p u r p o se , e .g . ,  in  m in era l  
p r o c e s s  ( f lo ta t io n ) , or  th e  c h o ic e  o f  an a d so rb en t for r e m o v a l o f  cer ta in  s o lu te s , e .g . ,  
fro m  w a ste w a te r , m a k e s  it p o s s ib le  to  p red ic t the pH  e f fe c t  o n  th e  p h e n o m e n a  an d  
p r o c e s se s  in v o lv in g  a d so rp tio n , e tc . T h e r e fo r e , d e te r m in a tio n  o f  th e  P Z C  is  an  
im p ortan t e le m e n t o f  th e  ch a ra c ter iza tio n  o f  c o m m e r c ia l a d so r b e n ts  (K o s m u ls k i ,  
2 0 0 2 ).

V a r io u s  te c h n iq u e s  h a v e  b e e n  u sed  for  d e te r m in in g  th e P Z C  o f  m a te ­
r ia ls  su ch  as C IP  (c o m m o n  in ter se c tio n  p o in t o f  p o te n tio m e tr ic  titra tion  c u r v e s  o b ­
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ta in ed  at th ree  or  m o re  io n ic  stren g th s); in te r se c tio n  ( in tersec tio n  p o in t  o f  p o te n ti-  
o m e tr ic  t itra tion  cu rv es o b ta in e d  at tw o  io n ic  stren g th s);  pH (natural pH  o f  th e  d is ­
p er s io n );  IE P ( iso e le c tr ic  p o in t  o b ta in ed  b y  c la s s ic a l e le c tr o k in e t ic  m e th o d s);  a c o u s to  
( is o e le c tr ic  p o in t  o b ta in ed  b y  th e  e le c tr o a c o u s t ic  m eth o d ; and p o te n tio m e tr ic  m a ss  
titra tion  (K o sm u lsk i , 2 0 0 2 , 2 0 0 4 ,  2 0 0 6 , 2 0 0 9 ) .

2 .4  W e t t in g

W e tt in g  in its m o st  g en era l s e n s e  is  th e  d isp la c e m e n t from  a su r fa c e  o f  o n e  
f lu id  b y  an oth er . W ettin g , th ere fo re , a lw a y s  in v o lv e s  three p h a se s , at lea st tw o  o f  
w h ic h  are flu id s: a g a s  and tw o  im m is c ib le  liq u id s , or  a so lid  and  tw o  im m isc ib le  
l iq u id s , or a g a s , a liq u id , and a so l id , or  e v e n  three im m isc ib le  liq u id s . C o m m o n ly ,  
h o w e v e r , th e  term  w e tt in g  is  a p p lied  to th e  d isp la c e m e n t o f  air from  a liq u id  or  s o l id  
su r fa c e  b y  w a te r  or an a q u e o u s  so lu tio n .

T h e  te n u  w e tt in g  a g e n t is  a p p lied  to  an y  su b sta n c e  that in c r e a se s  th e  a b ility  
o f  w a ter  or an a q u eo u s  s o lu t io n  to  d is p la c e  a ir from  a liq u id  or s o l id  su r fa c e . W e tt in g  
is  a p r o c e ss  in v o lv in g  su r fa c e s  and in te r fa c e s , and th e  m o d ific a tio n  o f  th e  w e tt in g  
p o w e r  o f  w a te r  is  a su r fa ce  p rop erty  s h o w n  to s o m e  d eg ree  b y  all su r fa c e -a c t iv e  
a g e n ts  (R o s e n , 2 0 0 4 ) .

2 .4 .1  T y p e  o f  W e tt in g
W e ttin g  can  b e  c la s s if ie d  in to  3 ty p e s , sp rea d in g  w e tt in g , a d h e s io n a l  

w e tt in g , and im m ers io n a l w e tt in g . T h e  e q u ilib r ia  in v o lv e d  in th e se  p h e n o m e n a  are  
w e l l  k n o w n . In sp rea d in g  w e tt in g , a liq u id  in  co n ta c t  w ith  a su b stra te  sp rea d s o v e r  
th e  su b stra te  and d isp la c e s  an o th er  f lu id , su ch  a s  air, from  th e su r fa c e . For th e  
sp r e a d in g  to  o c c u r  sp o n ta n e o u s ly , the su r fa c e  free  e n e r g y  o f  th e  s y s te m  m u st d e ­
c r e a se  d u r in g  th e  sp rea d in g  p r o c e ss . W h e n  th e  area o f  an in ter fa ce  in c r e a s e s , th e  su r­
fa c e  free  e n e r g y  at that in te r fa c e  in crea ses;  w h e n  th e  area  d e c r e a se s , th e  su r fa ce  free  
e n e r g y  d e c r e a se s  (R o se n , 2 0 0 4 ) .

2 .4 .2  S p rea d in g  C o e ff ic ie n t
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S p r e a d in g  c o e f f ic ie n t  ( S l s ) is  q u a n tity  that act a s  d r iv in g  fo r c e  for  
sp rea d in g  p r o c e ss , and re la te  to  c o r r e sp o n d in g  in ter fa c ia l (or  su r fa c e )  te n s io n  a s  f o l ­
lo w in g  e q u a tio n  (R o se n , 2 0 0 4 );

$LS = ySI' ~ ( /sl + y lv) (9 )

w h e r e  )>sy is  in ter fa c ia l te n s io n  at su b stra te /v a p o r  in ter fa ce , 
ysL is  in terfa c ia l te n s io n  at su b stra te /liq u id  in ter fa ce ,
JlV is  in ter fa c ia l te n s io n  at liq u id /v a p o r  in ter fa ce .

I f  S l s  is  p o s it iv e , sp rea d in g  can  o c c u r  sp o n ta n e o u s ly ;  i f  S l s  is  n e g a t iv e , th e  liq u id  w ill  
n ot sp read  s p o n ta n e o u s ly  o v e r  th e  su b stra te .

B ahr et al. ( 1 9 9 9 )  s tu d ie d  th e  sp r e a d in g  b e h a v io r  o f  m ic r o d r o p s  o f  
su rfactan t so lu t io n s  at s o l id  su r fa c e s  to  d e te r m in e  th e  in f lu e n c e  o f  d ifferen t fa c to r s , 
in c lu d in g  d rop  life t im e s , su r fa c e  te n s io n  d y n a m ic s , and su r fa ce  e n e r g ie s .

D u e  to th e  d e p le t io n  e f fe c t ,  th e  m ea su r e d  c o n ta c t  a n g le  d o e s  n o t  n e c ­
e s sa r ily  h a v e  to s ig n if ic a n t ly  sm a lle r  fo r  a su rfactan t s o lu t io n  d rop  (w ith  a start c o n ­
cen tra tion  eq u a l to  or  a b o v e  th e C M C ) than for a c o r r e sp o n d in g  d rop  o f  p u re w a ter . 
T h is  e f fe c t  w a s  p r o n o u n c e d  in  th e  su rfa cta n t w ith  C M C  lo w e r  than  5 X 10 5 M  w h e n  
u s in g  4  p i d rop let. S u rfa cta n t d ro p le ts  w ith  b e lo w  C M C  s h o w  sp rea d in g  d e la y , d e ­
sp ite  p resp read  to 1 m in , w h e r e a s  th e  d e la y  w a s  n o t  fou n d  in  d rop  w ith  m o re  th an  1 0  

C M C . T h e  sp rea d in g  b e h a v io u r  o n  a m o r e  h y d r o p h ilic  su r fa c e  w a s  faster  th an  th e  
le s s  o n e s  b e c a u se  a s m a lle r  a d so rp tio n  is  n e e d e d  to  p ro d u ce  th e  n e c e ssa r y  su r fa c e  
p ressu re  to  d r iv e  th e  sp rea d in g . D e s p ite ,  it o f te n  tak es a lo n g e r  t im e  to rea ch  a 
s te a d y -s ta te  w e tt in g  ( S to e b e  et a l, 1 9 9 6 ; B ahr et al., 1 9 9 9 ).

F or R o u g h n e s s  e f fe c t , n o  s ig n if ic a n t  d if fe r e n c e  in  th e  sp rea d in g  ra tes  
w a s fo u n d . A p p a r en tly , a s  th e  r o u g h n e ss  g r o w s , th e  in c r e a se  in  th e  p u llin g  fo r c e  d u e  
to  e lo n g a t io n  o f  th e  tr ip le  co n ta ct l in e  is  c a n c e lle d  b y  in cre a se d  v is c o u s  d rag . T h e  
o n ly  e x c e p t io n  m ig h t b e  i f  th e  a v e r a g e  p e a k - t o - v a l l e y  d is ta n c e s  turn out to  b e  le s s
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than th e  th ick  n e s s  o f  th e  sta g n a n t la y er  o f  l iq u id , in w h ic h  c a s e  th e  f lo w  h y d ro n a m -  
ic s  w o u ld  b e  in s e n s it iv e  to th e  u n d e r ly in g  su r fa c e  r e l ie f  (B a h r  et al. , 1 9 9 9 ).

W h en  th e  su b stra te  is  a s o l id , th e  sp rea d in g  c o e f f ic ie n t  is  u s u a lly  e v a ­
lu a ted  b y  in d irect m e a n s , s in c e  su r fa c e  and in te r fa c ia l te n s io n s  o f  s o l id s  c a n n o t  e a s i ly  
b e  m ea su red  d irec tly . Sis can  b e  a lte r n a tiv e ly  d e te r m in e d  b y  m e a su r in g  c o n ta c t  a n g le  
(R o s e n , 2 0 0 4 ) .

2 .4 .3  C o n ta c t A n td e
T h e  c o n ta c t  a n g le  is  a q u a n tita tiv e  m ea su re  o f  th e  w e tt in g  o f  a so l id  b y  

a liq u id ;  it is  in d irect m e a n s  fo r  e v a lu a t in g  sp r e a d in g  c o e f f ic ie n t  (R o s e n , 2 0 0 4 ) .  It is  
d e fin e d  g e o m e tr ic a lly  as th e  a n g le  fo rm ed  b y  a liq u id  at th r e e -p h a se  b o u n d a r y  s y s ­
tem . T h e  lo w  v a lu e s  (n ea r  “ 0 ”) o f  co n ta c t a n g le  in d ic a te  that th e  liq u id  sp rea d s  w e ll  
(h ig h  w e tta b ility ), w h i le  h igh  v a lu e s  (>  9 0 ° )  o f  co n ta c t  a n g le  in d ic a te  that le s s  c o m ­
p le te  w e tt in g  (p o o r  w e tta b ility ) . I f  v a lu e  is  z e r o  c o n ta c t a n g le  in d ic a te  that “ c o m p le te  
w e t t in g ” (J iraw atan ap orn , 2 0 0 9 ) .

F ig u r e  2 .6  T h e  co n ta c t  a n g le  o f  liq u id  d ro p le t  at eq u ilib r iu m .

T h e  r e la tio n sh ip  b e tw e e n  th e  in ter fa c ia l t e n s io n s  o f  th e  su r fa c e s  at the  
th r e e -p h a se  b o u n d a ry  o f  so lid , liq u id  and v a p o r  s y s te m  at e q u ilib r iu m  is  d e sc r ib e d  b y  
th e  Y o u n g ’s eq u a tio n  (R o se n , 2 0 0 4 ) :

Ysr - Y sl =Ylv co s6 >  0 ° )

w h e r e  Y sv , Ys l , a n d  YLV a r e  s o l i d / v a p o r ,  s o l i d / l i q u i d ,  a n d  l i q u i d / v a p o r  i n t e r f a c i a l  t e n ­

s i o n s ,  r e s p e c t i v e l y ,  a n d  0  is  t h e  e q u i l i b r i u m  c o n t a c t  a n g le .
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T h is  eq u ation  is  o n ly  v a lid  for  f in ite  co n ta e t a n g le  in  c a s e  o f  m e c h a n i­
ca l e q u ilib r iu m , s o  it d o e s  n ot a p p ly  w h e n  sp rea d in g  ta k e  p la c e . T h u s to  e n c o u r a g e  
w e tt in g , w e tt in g , YSL, Ylv sh o u ld  b e  m a d e  a s  sm a ll as p o s s ib le .  T h is  is  d o n e  b y  a d d ­
in g  a surfactant to  th e  liq u id  p h a se . T h e  su rfactan t a b so rb s  to  b o th  th e  liq u id /s o lid  
and  liq u id /v a p o r  in ter fa ces  to  lo w e r  th o s e  in ter fa c ia l te n s io n  (R o s e n , 2 0 0 4 ) .

2 .4.3.1 Measurement o f Contact Angle
M a n y  e x p e r im e n ta l te c h n iq u e s  are a v a ila b le  fo r  w e tta b ility , 

su c h  as, ca p illa r y  p en etra tion  te c h n iq u e s , th e  ad h erin g  g a s  b u b b le  m e th o d , th e  W il-  
h e lm y  p la te  m e th o d , D ra v es  m e th o d , and  th e  s e s s i le  d rop  te c h n iq u e  (N o r lin g  and  
B ru k l, 1986; S c a le  et al. , 19 86 ; V aradaraj et al. , 1991; V aradaraj et al., 1 9 9 4 ; H a m a  
et al. 1 1997a; H a m a  et al., 1 9 9 7 b ; J a n czu k  et al., 1997 ; L u a n g p iro m  et al., 2 0 0 1 ;  
S z y m c z y k  and Ja n czu k , 2 0 0 6 ) .  In th e  s e s s i l e  drop te c h n iq u e , co n ta c t  a n g le s  are  
m ea su red  d ir e c t ly  b y  d e p o s it in g  a liq u id  d rop  on  a so lid  su r fa c e  and p la c in g  a ta n g en t  
to  th e  drop  at its  b a se  b y  c o m p u te r  p rog ram . T h e  resu ltin g  “ s ta tic  a d v a n c in g  co n ta ct  
a n g le ” rep resen ts  th e  “e q u ilib r iu m  co n ta c t  a n g le ” (L u a n g p iro m  et a i, 2 0 0 1 ) .

F ig l ir e  2 .7  T h e  co n ta c t a n g le  b y  th e  s e s s i le  d rop  te c h n iq u e .

In co n ta c t  a n g le  m e a su r e m e n t, th e  v o lu m e  o f  d ro p  o f  su r fa c ­
tant in  the ran g e  o f  1 pi to  6  p i w a s  n o t a f fe c t  o n  th e  sp r e a d in g  and c o n ta c t  a n g le . In 
a d d it io n , n o  e f fe c t  o f  th e  v o lu m e  on  th e  in itia l sp rea d in g  rate w a s  o b se r v e d  (B a h r ,
1 9 9 9 ).
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N o r lin g  and B rukl ( 1 9 8 6 )  s tu d ied  th e f e a s ib il ity  o f  in c r e a s in g  
th e  w e tta b ility  o f  p o ly (v in y l s i lo x a n e s )  e la s to m e r  b y  in co rp o ra tin g  c o m m e r c ia l n o n ­
io n ic  su rfactan ts w ith  a se r ie s  o f  p o ly o x y e th y le n e  (P O E ) gro u p , and d e te r m in e d  a 
sy s te m a tic  stru c tu re -p ro p er ty  re la tio n sh ip  o f  th o se  su rfa cta n ts . T h e  r e su lts  sh o w e d  
that th e  m in im u m  co n ta ct a n g le  o ccu rred  at o p tim u m  P O E  ch a in  le n g th . T h e r e fo r e , it 
in d ica ted  that th e  con tact a n g le  w a s  a stro n g  fu n c tio n  o f  th e  su rfa cta n t H L B  n u m b er  
and that a c le a r  m in im u m  c o n ta c t a n g le  o ccu rred  at a s p e c if ic  H L B  n u m b er.

S c a le s  et al. ( 1 9 8 6 )  e x a m in e d  th e  e f fe c t  o f  a s e r ie s  o f  n o n io n ic  
su rfa cta n ts ( E 0 5 ,  E 0 9 ,  and E O 3 0 )  o n  th e  w e tta b ility  o n  quartz su r fa c e  w ith  varied  
h y d r o p h o b ic ity . T h e y  fo u n d  that co n ta c t a n g le  in cr e a se d  w ith  in c r e a s in g  E O  grou p . 
F or s p e c if ic  su rfactan ts, th e  c o n ta c t  a n g le  d e c rea sed  w ith  in c r e a s in g  h y d r o p h o b ic ity . 
In a d d itio n , th e y  fou n d  that tem p era tu re  a ffe c t  in  co n ta c t  a n g le  o n  p o ly d is p e r s e  su r­
factan t grea ter  than on  m o n o d isp e r se  su rfactan t. It m ig h t b e  b e c a u se  th e  p o ly d is p e r s e  
su rfactan t h a s lo w  a c tiv a tio n  e n e r g y  n e e d e d  to  c o m p le te  a s so c ia t io n  o f  th e  a d so rb ed  
la y er  to b e  o ccu r .

V aradaraj et al. ( 1 9 9 4 )  s tu d ied  e f fe c t  o f  su rfa cta n t ty p e  and  
stru ctu re on  h y d ro p h o b ic  gran u lar su r fa ce  b y  u s in g  th e  c a p illa r y  p en e tr a tio n  w e tt in g  
te ch n iq u e . T h e  resu lts  in d ica ted  that b o th  th e  su rfactan t ty p e  and h y d ro ca rb o n  ch a in  
b ra n ch in g  in flu e n c e d  s ig n if ic a n t ly  on  th e rate and e f fe c t iv e n e s s  o f  w e t t in g  rates  
(m g /s )  for e th o x y la te s  >  su lfa te s  >  e th o x y su lfa te s ;  w e tt in g  e f fe c t iv e n e s s  (m g )  for s u l­
fa te s  >  e th o x y la te s . F or a g iv e n  su rfactan t ty p e , h yd ro carb on  c h a in  b r a n c h in g  w a s  
o b se r v e d  to  in c r e a se  w e tt in g  rate and  e f fe c t iv e n e s s .

H am a et al. (1 9 9 7 a )  in v e s t ig a te d  in f lu e n c e  o f  th e  stru ctu re o f  
h y d r o p h o b ic  gro u p s and p o ly o x y e th y le n e  (P O E ) ch a in  len g th  o f  th e  e th o x y la te  ester  
o n  in ter fa c ia l p rop erties. F or ra n g e  o f  E O  n u m b er  in th is  s tu d y , E 0 6  to  E 0 1 5 ,  E 0 9 -  
t o - E 0 1 5  ra n g e  o f  C IO - to C 1 4 -E F M E  s h o w  fa v o r a b le  w e tta b ility . A m o n g  th em , 
C 1 2 -E F M E  s h o w s  the b e st  w e tta b ility  ( lo w e s t  w e tt in g  t im e s ) .

G e n o v a  et al. ( 2 0 0 3 )  s tu d ied  e f fe c t  o f  h y d r o p h o b ic  stru ctu re  
o n  th e p er fo rm a n ce  o f  a lc o h o l e th o x y la te s  d er iv e d  from  o le o c h e m ic a l  a lc o h o l and  
o x o -a lc o h o ls  d er iv ed  from  k e r o se n e , b u ty le n e , or c o a l b y  th e F is c h e r -T r o p s c h  
p r o c e ss . T h e y  fou n d  that in c r e a s in g  su b stitu tio n  at th e  C 2  carb on  in c r e a se s  th e



21

am ou n t o f  u n e th o x y la te d  a lc o h o l in th e  e th o x y la te  d u e  to h in d r a n c e  o f  e th o x y la t io n  
b y  a lc o h o l but d e c r e a se s  w e tt in g  t im e

P iisp a n e n  et al. ( 2 0 0 4 )  in v e s t ig a te d  th e  w e t t in g  p ro p er tie s  o f  
th e  su g a r-b a sed  su rfa cta n ts  co m p a red  w ith  w a ter  and n o n y lp h e n o l e th o x y la te s  w ith  
P O E  gro u p  o f  6 , 10, and  2 0  u n its. A  w e t t in g  p rop erty  s c a le  o f  0  to  6  w a s  u se d , w h e r e  
6  s ta n d s fo r  th e  b est p o s s ib le  w e tt in g  p rop erty , and  th e resu lts  w e r e  5 , 3 , 1, and  0 , for  
N P E - 6 , N P E -1 0 , N P E -2 0 , and pure w a te r , r e sp e c t iv e ly .

2.4.3.2 Wetting by Aqueous Surfactant Solution
W ater  h as a c o n s id e r a b ly  h ig h  su r fa ce  te n s io n ;  h e n c e , it d o e s  

n ot r ea d ily  spread  o v e r  s o l id s  that h a v e  su rfa ce  free  e n erg y  o f  7 2  m N /m  or  lo w e r .  
T h e  ad d itio n  o f  su rfactan t is , th erefo re , o f te n  n e c e ssa r y  to e n a b le  w a te r  to w e t  o n  s o l ­
id  su rfa ce . S u rfactant can  im p ro v e  w e t t in g  th rou gh  a lter in g  th e  su r fa c e  p ro p er tie s  o f  
th e  liq u id  p h a se  b y  its p r e se n c e  at th e  in te r fa c e  (P u tth arak , 2 0 0 6 ) .

A n  eq u ilib r iu m  w e tt in g  can  b e  rela ted  to  a d so rp tio n , a s  d e v e l ­
op ed  b y  L u c a sse n -R e y n d e r s , b y  c o m b in in g  th e  G ib b s  a d so rp tio n  e q u a tio n  w ith  
Y o u n g ’s e q u a tio n  (R o s e n , 2 0 0 4 );

d ( x LV c o s  ^ )  _  ~ r , a  (11)
~drTv r Lv

T jj  rep resen ts  th e  su r fa ce  e x c e s s  c o n c e n tr a t io n  o f  th e  su rfactan t at th e  ij in ter fa ce . T h e  

s lo p e  o f  a p lo t o f  y  LVCOS0 v ersu s  y  LV c o n s e q u e n tly  p r o v id e s  in fo r m a tio n  at th e  

three in te r fa c e s  (J a n czu k , 1997; S z y m c z y k  and J a n czu k , 2 0 0 6 ;  S z y m c z y k  an d  Ja n c-  
zu k , 2 0 0 8 ) .

T h e  su rfa cta n ts in c r e a s in g ly  le s s  a d so r b in g  at s o l id /l iq u id  in ­
ter fa ce  w ith  in c r e a s in g  h y d r o p h ilic ity  o f  su r fa ce  w e r e  a lso  o b se r v e d  b y  G au  an d  Z o -  
grafi ( 1 9 9 0 ) .  In their  w o r k s , a d v a n c in g  c o n ta c t  a n g le  o f  a q u e o u s  s o lu t io n s  o f  th e  n o n ­
io n ic  su rfa cta n ts , p o ly o x y e th y le n e  e th er , su rfa cta n ts  w e r e  m ea su r e d  o n  su r fa c e s  p re ­
pared  from  PS su r fa ce , P M M A  su r fa c e , la tex  p a r tic le s  as w e l l  a s  p ara ffin . T h e y  d is ­
co v ered  that w e tt in g  o f  su rfactan t s o lu t io n s  is  le s s  e f f ic ie n t  r e la t iv e  to pure liq u id  for
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P S  and  P M M A  d u e  to  le s s  a d so rp tio n  at s o l id /l iq u id  in te r fa c e  co m p a red  w ith  a d so rp ­
tio n  at liq u id /v a p o r  in terface .

2.4.33 Critical Surface tension
T h e cr it ica l su rfa ce  te n s io n  o f  a s o l id  su r fa ce  is  an in d ic a tio n  

o f  its  r e la tiv e  w a ter-h a tin g  or  w a te r - lo v in g  ch aracter. A  lo w  cr itica l su r fa c e  te n s io n  
m e a n s  that th e  su r fa ce  h as a lo w  e n e r g y  p er u n it area. T h e  q u a n tity  is  b a se d  o n  e x p e ­
r im en ts  w ith  a se r ie s  o f  pure liq u id s . T h e se  e x p e r im e n ts  h a v e  to  b e  c o n d u c te d  on  a 
flat, n o n -p o r o u s  so lid  sa m p le  (P u tth arak , 2 0 0 6 ) .

Z ism a n  an d  c o -w o r k e r s  in trod u ced  and e m p ir ic a l re la tio n  o f  
c o n ta c t  a n g le  data  o n  p o ly m e r s . T h e y  m e a su r e s  th e  co n ta ct a n g le s  for  s e r ie s  o f  liq u id  
o n  th e  sa m e  p o ly m e r  sa m p le , and  p lo tted  cosO  v s  Y l v  o f  th e  liq u id  (Z ism a n  p lo t) , th e  
gra p h ica l p o in ts  fe ll c lo s e  to a stra igh t lin e  o r  c o lle c te d  arou n d  it in  a n a rro w  r e c t ili­
n ear band:

cos<9 =  l - p ( y Ly - r c ) ( 1 2 )

E ach  lin e  e x tra p o la te s  to  zero  0 at a certa in  Y l v  v a lu e , w h ic h  
Z ism a n  h as c a lle d  th e  “critica l su r fa c e  te n s io n  o f  liq u id '’, Yc- T h e y  p r o p o se d  that as 
Y l v  d e c r e a se d  tow a rd  to Yc, Y s l  w il l  ap p roach  to z ero , and w h e n  YSL rea c h s  z e r o , Y l v  

w ill  b e  eq u al to  Yc (but not Ysv), h o w e v e r  th e  Y c  is  d ifferen t f o n n  th e  Ysv- W h e r e  V an  
d er W a a ls  fo r c e s  are d o m in a n t, Y c  o f  th e  p o ly m e r ic  so lid  is  in d e p e n d e n t o f  th e  nature  
o f  liq u id  and is  a ch a ra cter istic  o f  th e  so lid  a lo n e  (E lliso n  and Z ism a n , 1 9 5 4 ; B e m e tt  
and  Z ism a n , 1959a; B e m e tt  and  Z ism a n , 1 9 5 9 b ; Ja n czu k , 1 9 9 7 ).

E lliso n  and  Z ism a n  ( 1 9 5 4 )  s tu d ied  th e  w e tta b ility  o f  p o ly m e r  
su r fa c e  o f  P E T , n y lo n , and PS b y  d y n a m ic  c o n ta c t a n g le  m e a su r e m e n t (a d v a n c in g  
and  r e c e d in g  co n ta c t  a n g le )  u s in g  p ure liq u id , fo r  e x a m p le , w a ter , g ly c e r o l and  for-  
m a m id e . It w a s  r ev e a led  that h y d r o p h ilic ity  o f  su rfa ce  a f fe c te d  on  th e  w e tta b ility , 
that is , th e  m o re  h y d ro p h ilic ity , th e  greater w e tta b ility . B e s id e s ,  th e  g iv e n  Yc d er iv ed  
from  Z ism a n  p lo t su p port their  r e su lts .
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S u rfa cta n t s o lu t io n s  w ith  a ra n g e  o f  co n ce n tr a tio n  c o u ld  b e  
u se d  to d e te n n in e  th e y c  o f  p o ly m e r  su r fa c e . B e m e tt  and Z ism a n  (1 9 5 9 a )  u sed  a v a ­
r ie ty  o f  p u re a n io n ic , c a t io n ic , and n o n io n ic  su rfa cta n ts for d e term in in g  y c  from  Z is ­
m a n  p lo t. T h e  g iv e n  cu rv es  w e r e  fou n d  th e  break in s lo p e  c lo s e  to th e  C M C  but w e r e  
s lig h t ly  lo w e r  w h ic h  w a s  n o t fou n d  in  m ic e lle -p r o d u c in g  liq u id s . In a d d it io n , o th er  
p h e n o m e n a  m ig h t b e  in v o lv e d  in  su ch  d is c o n t in u it ie s  (B e m e tt  and Z ism a n , 1 9 5 9 b ).

T h e  cr itica l su r fa c e  te n s io n  is  o b ta in ed  from  th e  Z ism a n  p lo t, 
in w h ic h  th e  c o s in e  0  o f  th e  w e tt in g  a n g le  for  a se r ie s  o f  liq u id s  is  p lo tte d  a g a in st th e  
su r fa ce  te n s io n  yLv o f  th e  liq u id . T h e se  p lo ts  g iv e  th e  b e s t  em p ir ica l f it  o f  e x p e r im e n ­
tal data. T h e  in tercep t o f  th e se  cu rv es w ith  th e  C O S 0  =  1 is  k n o w n  as th e  cr itica l su r ­
fa c e  te n s io n , y c , p erfect w e tt in g  (J o h n so n  and  D ettre , 1 9 9 3 ).

T h e  cr itica l su r fa c e  te n s io n  c o n c e p t  is  u se fu l in  c la s s ify in g  th e  
su r fa ce  and  e s t im a tin g  co n ta c t  a n g le s , s in c e  (3 is a p p r o x im a te ly  0 .0 3  to  0 .0 4 . H o w e v ­
er, th e  v a lu e  o f  y c  i s  o fte n  u n certa in  s in c e  th e  ex tr a p o la tio n  is  q u ite  lo n g  and c o n s i ­
d era b le  cu rva tu re  o f  the em p ir ic a l lin e  is  p resen t for s o l id s  on  w h ich  a w id e  ran g e  o f  
liq u id s  form  n o n -z e r o  co n ta c t  a n g le s . H e n c e , Z ism a n  and  G o o d  w a rn ed  resea rch ers  
n o t to co n stru ct Z ism a n  p lo ts  u s in g  b in a ry  so lu t io n s . T h is  is  b e c a u se  w ith  th e  a d d i­
t io n a l c o m p o n e n ts  at an in ter fa ce , o n e  o f  th em  m a y  b e  a d so rb ed  or in terp en etra ted  at 
th e  in ter fa ce  m o r e  s tro n g ly  and  there w il l  n ot b e  an y  s im p le  re la tion  fo r  su ch  s itu a ­
t io n s  (E rb il, 1 9 9 7 ).

S u p a la sa te  ( 2 0 0 4 )  s tu d ied  th e  ad so rp tio n  su rfa cta n t o n  p la s t ic  
su r fa ces  and its  re la tion  to w e tt in g  p h e n o m e n a . T h e  resu lt sh o w e d  that th e  a d so rp tio n  
o f  su rfactant at th e  s o lid /l iq u id  in ter fa ce  c a u se d  th e  Z ism a n  p lo t to d e v ia te . T h e  d e v i ­
a tio n  o f  th e  Z ism a n  p lo t ap p eared  in th e  c a s e  o f  C P C  o n  p o ly sty r e n e  and  p o ly e th y ­
le n e  terep h th a la te . It c o u ld  in d ic a te  that th e  p o la r ity  o f  p la s t ic s  h as an  e f fe c t  o n  th e  
w e tta b ility  o f  C P C .

M eer it ( 2 0 0 5 )  fo u n d  that d e v ia t io n  o f  th e  Z ism a n  p lo t d id  n o t  
ap p ear in  c a s e  o f  C P C , so d iu m  o c ty l b e n z e n e  su lfo n a te  (N a O B S ) , and  O P (E O )io  o n  
P T F E , P V C , and  P C . W h e r e a s  th e  d e v ia t io n  o f  th e  Z ism a n  p lo t ap p eared  in th e  c a s e  
o f  C P C  o n  P M M A , A B S , and  N y lo n  6 6  w h e n  N a C l p resen ted  b e c a u se  o f  th e se  rea ­
so n s ;  (1 )  th e  a n c h o r -lik e  stru ctu re o f  C P C  lim ite d  th e  m o v e m e n t;  (2 )  th e  ad d itio n  o f  
N a C l m ig h t n ot b e  ab le  to  a l lo w  m o re  C P C  to  ad sorb  o n  th e su rface; and , (3 )  C P C
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had th e  o p p o s ite  ch a rg e  to  th e  su r fa c e s  s o  it a d so rb ed  o n  th e su r fa c e  in  h o r izo n ta l a p ­
p eara n ce  and lo w ered  th e  ad so rp tio n  area.

S z y m c z y k  et al. ( 2 0 0 5 )  d e term in ed  th e  in f lu e n c e  o f  th e  c o n ­
cen tra tion  and c o m p o s it io n  o f  a q u e o u s  so lu t io n  o f  m ix tu res  o f  c a t io n ic  su rfa cta n ts  
and n o n io n ic  su rfactan t, o n  the w e tta b ility  o f  p o ly te tr a flu o r o e th y le n e  (P T F E ). A c ­
c o r d in g  to  Z ism a n  p lo t, th ere  is  n o  lin e a r  d e p e n d e n c e  b e tw e e n  C O S 0  and th e  su r fa c e  
te n s io n  o f  a q u eo u s s o lu t io n  o f  C T A B  and T X 1 0 0  m ix tu res  for a ll s tu d ied  s y s te m s ,  
but a lin e a r  d e p e n d e n c e  e x is t s  b e tw e e n  th e  a d h e s io n a l te n s io n  and su r fa c e  te n s io n  for  
P T F E  in th e  w h o le  c o n c e n tr a tio n  ra n g e , th e  s lo p e  o f  w h ic h  is  - 1 ,  that s u g g e s ts  that  
th e  su r fa c e  e x c e s s  o f  th e  su rfactan t c o n c e n tr a tio n  at the P T F E -s o lu t io n  in te r fa c e  is  
th e  s a m e  a s that at th e  s o lu t io n -a ir  in te r fa c e  for a g iv e n  b u lk  c o n c e n tr a t io n . O n  th e  
b a s is  o f  th e  su rfa ce  te n s io n  o f  P T F E  and  th e  Y o u n g  eq u a tio n  an d  th e r m o d y n a m ic  
a n a ly s is  o f  the a d h e s io n  w o rk  o f  a q u e o u s  so lu t io n  o f  su rfactant to  th e  p o ly m e r  su r­
fa c e  it w a s  fou n d  that in  th e  c a se  o f  P T F E  th e  c h a n g e s  o f  th e  c o n ta c t  a n g le  as a fu n c ­
tio n  o f  th e  m ix tu re  o f  n o n io n ic  and c a t io n ic  su rfa cta n ts  c o n c e n tr a tio n  resu lted  o n ly  
from  c h a n g e s  o f  the p o la r  c o m p o n e n t  o f  so lu t io n  su r fa c e  ten sio n .

S z y m c z y k  et al. ( 2 0 0 6 )  d e te r m in e d  th e  c r it ica l su rfa ce  te n s io n  
o f  P T F E  and P M M A  su r fa c e s  b y  a q u e o u s  so lu t io n  o f  C T A B  and  C P y B  m ix tu r e  b y  
co n ta ct a n g le  m ea su r e m e n t u s in g  s e s s i l e  d rop  m e th o d . T h e  g iv e n  v a lu e  w a s  h ig h e r  
than for that o f  th e  su r fa c e  te n s io n  o f  P T F E  but lo w e r  than for P M M A . It w a s  fo u n d  
that for  th e  stu d ied  su r fa c e s , th e  c h a n g e s  o f  th e  c o n ta c t  a n g le s  o f  th e  so lu t io n  o f  m ix ­
ture resu lted  o n ly  from  th e  d e c r e a se  o f  th e  p o lar  c o m p o n e n t  o f  th e  so lu tio n  su r fa c e  
te n s io n .
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