
CHAPTER III
EXPERIMENTAL

3.1 Materials

3.1.1 Surfactants
Cationic surfactants, tetradecyl trimethylammonium bromide, 

hexadecyl trimethylammonium bromide, and octadecyl trimethylammonium 
bromide obtained from Fluka were purum grade and used without further 
purification. Sodium dodecyl sulfate (>99% purity) from Sigma Chemical 
Co.: sodium tetradecyl sulfate (95% purity), and sodium octadecyl sulfate 
(93% purity), both from Aldrich Chemical Co., were all used without further 
purification.

3.1.2 Fatty Acids
Doubly distilled and deionized water was used to prepare 

solutions throughout the experiments. Fatty acids used in this study were 
dodecanoic acid (>99%, Sigma) and hexadecanoic acid (95% purity, Sigma). 
Calcium salts o f fatty acids were prepared by adding excess amount of 
calcium chloride into surfactant solutions. The precipitate obtained from 
reaction was filtered and rinsed with distilled water and dried in an oven at 70° 
c  for 24 hours.

3.1.3 Reagents
Sodium chloride (UNIVAR grade) and sodium bromide 

(UNILAB grade) were from Ajax Chemical Co. Calcium chloride dihydrate 
(AR grade) was manufactured by J. T. Baker. Doubly distilled and deionized 
water was used to prepare solutions throughout the experiments.



3.2 Methodology

3.2.1 Preparation of Saturated Solution
All surfactant solutions were prepared at saturated condition for 

contact angle measurement. The saturated solutions of cationic surfactants 
were prepared by dissolving the surfactant in doubly distilled and deionized 
water until no more dissolution occurs. In the case of telradecyl and 
hexadecvl trimethylammonium bromide, the solutions were saturated by 
adding sodium bromide in different quantities to satisfy the solubility product. 
In the case o f sodium dodecyl sulfate, sodium chloride was used instead of 
sodium bromide. Since the solutions can remain supersaturation for a long 
time, all the solutions were cooled to 0°c to force precipitation and were 
placed in a water controlled bath at 30°c. shaken periodically, and allowed to 
equilibrate for at least 4 days.

3.2.2 pi I Adjustment
The effect of pi I on contact angle of tw o saturated solutions of 

dodecanoic and hexadecanoic acids was studied by adjusting the pi I พ ith 
hydrochloric acid and sodium hydroxide and measuring the pH with a pH 
meter (Benchtop pH/lSE Meter, Model 420A with triode pH electrode Model 
9IÔ78N).

3.2.3 Solubility Product
The saturated solution of surfactant ions in equilibrium w ith its 

precipitates was filtered using a 0.22 pm cellulose acetate membrane and the 
filtrate solution was analyzed for the equilibrium concentration of surfactant.

The concentrations of surfactant solutions were measured using 
a total organic carbon analyzer (TOCÔOOOA. Shimadzu). The bromide 
concentrations were measured by ion chromatograph (Hewlett Packard Series
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1 0 5 0 ) w ith  A llte c h  A n io n /R  c o lu m n  (1 0  p m . 150 ทาทา X 4 .6  ทาทา) and  
c o n d u c t iv ity  d e tec to r  (A llte c h  3 5 0 ) . T h e sa m p le  so lu tio n  w a s  lo a d ed  in to  a 

100 pL  sa m p le  lo o p  and in jec ted  in to  th e c o lu m n  u s in g  pure m eth a n o l as a 
m o b ile  p h a se  at th e H ow  rate o f  1 m L /m in . T h e  so d iu m  and c a lc iu m  
c o n c e n tr a tio n s  w e r e  m ea su red  b y  u s in g  a to m ic  a b so rp tio n  sp e c tr o p h o to m e te r  
(V aria i! S p ectra  A A 3 0 0 ) .  A b so rp tio n  m ea su rem en t o f  c a lc iu m  w a s  d o n e  in 
n itrou s o x id e -a c e ty le n e  fla m e at 4 2 2 .7  ททใ w a v e le n g th , and so d iu m  w a s  d o n e  
in a ir -a c e ty le n e  f la m e  at 5 8 9  ททา w a v e le n g th .

3 .2 .4  S o lid  S a m p le  P reparation
T h e  sa m p le s  w e r e  c o m p r e sse d  u s in g  a h ig h ly  p o lish e d  s ta in le s s  

s te e l p u n ch  an d  d ie  (1 3  ทาทา d ia m eter ) at 10 to n s fo rce  u s in g  a h y d ra u lic  p ress  
(B io -r a d . P /N  1 5 0 1 1 )  w ith  3 m in  d w e ll in g  t im e  and su b se q u e n tly  carefu l 
m o v a l from  th e d ie . T h e su r fa ce  w a s  sm o o th  and r e f le c t iv e . I f  an y  sa m p le  
p e lle ts  e x h ib ite d  n o n -u n ifo rm  su r fa c e s , or w h ere  s t ic k in g  or p ic k in g  o ccu red .  
th ey  w o u ld  b e  re jected . T h e  p e lle ts  w e r e  sto red  in a d e s ic a to r  at a m b ien t  
tem p eratu re  b e fo r e  use.

3 .2 .5  C on tact A n c le  M ea su rem en t
T h e  s e s s i le  drop m eth o d  w a s  u sed  for m ea su r e m e n t o f  the  

co n ta c t a n g le s . T h e  m ea su rem en t w a s  d o n e  in a c lo s e d  p le x ig la s s  ch a m b er  
w ith  d im e n s io n s  o f  21 cm  X 2 7  cm  X 15 cm . T h e  ch a m b er  a tm o sp h e r e  w a s  
satu rated  w ith  w a ter  to  p rev en t drop ev a p o ra tio n  and w a s  m a in ta in ed  at 30+ 1  
๐c  b y  a th erm o sta t. T h e  p e lle t w a s  p la ced  in s id e  th e  c h a m b er  and a drop  o f  a 
satu rated  so lu t io n  (2 0  pL  - 80  p T ) o f  its o w n  p rec ip ita te  w a s  p la ced  on  the  

su r fa c e  u s in g  a 100 pL  sy r in g e  in serted  from  th e top  o f  th e ch a m b er . T h e  
th ree -p h a se  co n ta c t lin e  o f  the liq u id  drop w a s  m a d e  to  a d v a n c e  or retreat by 
a d d in g  or w ith d r a w in g  each  10 pL  o f  so lu tio n . T h e  p h o to g ra p h ic  p ic tu res  o f  
a d v a n c in g  an d  r e c e d in g  co n ta c t a n g le s  w e r e  taken  after  a d d in g  or w ith d r a w in g



the solution and waiting for 15 seconds. The contact angles were measured 
directly from the photographs by drawing tangent lines between the drop and 
the surface using a computer program as illustrated in Figure 3.1. The 
reported value of the contact angle was the average of those from the left and 
right sides of the drop.

Figure 3.1 Photograph of surfactant solution placed on its precipitate

3.2.6 Cyclic Experiment
Following the aforementioned experiments to measure 0A and 

0K. at the same place on the solid (syringe is not moved), the advancing, then 
receding contact angles are measured as was done previously on the virgin 
surface. This is the 2nd cycle. This procedure was repeated again for the 3lcl 
and subsequent cycles.

The contact angle dependence on time for the cyclic experiment 
was studied by placing a drop of solution (50 pi.) onto the surface and a 
photograph was taken from 1=0 ร to t= 20 min in order to measure advancing 
contact angle. After that, the solution was made to advance until the drop



16

volume was 80 pL and then retreated (70 pL - 40 pL) to measure receding 
contact angle dependence on time for different drop volumes. The procedure 
was repeated for subsequent cycles.

3.2.7 Surface Tension Measurement
The surface tension of the solution was measured at 30±0.5 ๐c  

using a DuNuoy-ring technique (Kruss digital tensiometer. Model K10ST) 
with a platinum-iridium ring. The values represent the equilibrium surface 
tensions w hich were independent of time and w ere reported as the average of 
at least three determinations.
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