
CHAPTER V  

CONCLUSION

เท o rd e r to  find  a novel system  fo r reactive  a g e n t e ncapsu la tion  a p p lie d  

fo r co sm e tic  usage. Em ulsion system  w as se lec ted . H ow ever, em ulsion is 

th e rm o d yn a m ica lly  instab le  ow ing  to  un favorab le  c o n ta c t be tw een oil and  water. 

Em ulsifier w as requ ired  to re d u ce  in te rfac ia l tens ion  and s tab ilize  the  em ulsion. เท this 

research , a novel em u ls ifie r to s tab ilize  em uls ion  system , o r in o the r w o rd , a novel nano

m ice lle  ca rrie r to  d e live r reactive  su b s ta n ce s  w as investiga ted . PCTS w as se le c te d  as 

natural base d  em u ls ifie r ow ing  to  its a m p h ip h ilic  and  a m p h o te ric  p roperties . Therefore  in 

th is research  w as d iv id e d  into 2 parts. Em ulsify ing  ca p a b ility  o f PCTS, and  its phys ica l 

m echan ism  w ere  inves tiga ted  and c o n c lu d e d  in Part า . Em ulsion d es tab iliza tion  fac to rs  

and  m echan ism  w ere  inves tiga ted  and c o n c lu d e d  in Part 2.

Part 1: Em ulsify ing ca p a b ility  w as d e te rm ined  in te rm s o f H yd ro p h ilic - 

L ip o p h ilic  B a lance  (HLB), C ritica l M ice lle  C oncen tra tion  (CM C), em uls ion type  

eva luation, and  em u ls ify ing  e ffic iency . PCTS solu tion  p resen ted  HLB a round  19 w h ich  

w as p re fe rab le  fo r o/w  em uls ion and  C M C  around  0 .13 % w/v. Em ulsion type  w as 

de te rm in e d  by  va ry ing  w a te r to oil ratio and  m easuring  em uls ion index. It w as found  that 

the  a p p ro p ria te  w a te r to oil ratio w as 8:2. D rop te s t w as used  to confirm  the con tinuous 

phase  and found  tha t the  con tinuo us  phase  w as w ater. This in d ica te d  tha t PCTS w ou ld  

ra ther su itab le  em u ls ified  fo r o/w  em ulsion. Then, em u ls ify ing  s tab ility  w as s tu d ie d  in 

term s o f s to ra g e  a p p e a ra n ce  a ltera tion  and  d ro p le t s ize  a ltera tion . The em ulsion 

d ro p le ts  p o ssessed  co n s ta n t a lthough  s to rage  em uls ion at room  te m pera tu re  fo r 90 

days  w hen using  PCTS0.1 as em u ls ifie r in the  range  o f co n ce n tra tio n s  o f 0 .25-3 .0% w /v. 

The em uls ion w as uns tab le  a fte r s to rage  w hen using  PCTS0.1 as em u ls ifie r in low er 

conce n tra tio n  than C M C  (0 .063% w /v) and  m uch h igh conce n tra tio n  (4% w /v). เท o rd e r to 

exp la in  the m echan ism  o f uns tab le  em uls ion in de ta il, phys ica l m echan ism  o f unstab le  

em uls ion w as inves tiga ted  by  o b se rv ing  the uns tab le  em uls ion d ro p le ts  though  con foca l 

laser sca n n in g  m ic ro sco p e , and  b y  eva lua ting  the reve rs ib ility  o f s tab le -un s tab le
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em uls ion un d e r s im p le  pH varia tion. Ion ic levels (d e g re e  o f substitu tio n  o f phosph a te  

g roup ) w ere  a lso c o n s id e re d  as a fa c to r in fluen ced  to phys ica l m echan ism  o f unstab le  

em ulsions. It can  be  c o n c lu d e d  tha t the  p h ys ica l m echan ism  o f uns tab le  em uls ion w as 

flo ccu la tio n  fo r the  em uls ion p re p a rin g  by  using  PCTS w ith  DS low er than 0.65. W hen 

using PCTS w ith  DS ove r than o r equa l to 0.65, the em uls ion d id  not rep resen t an 

uns tab le  m echan ism .

Part 2: S ystem atic  cond itio ns  such  as pH , ion ic s treng th  and  tem pera ture , 

w ere  set to investiga te  the e ffe c t o f d es tab iliza tion  o f em ulsion. Physical m echan ism  

using to exp la in  d e s ta b ilize d  phenom ena  w as d iscu sse d  in de ta il in th is part. Em ulsion 

w as p re p a re d  using  1% w /v PCTS as em u ls ifie r and  d ilu ted  in various env ironm enta l pH, 

ion ic  s treng th , and  tem pera tu re . The em uls ion using  PCTS w ith  DS 0.04 (cod ing  

E85/0.1) exh ib ite d  pos itive  su rface  cha rges, w h ils t tha t o f using PCTS w ith  DS 0.25 and

0.62 (co d in g  E85/1 and  E85/2) e xh ib ite d  nega tive  su rface  cha rges. Those em uls ions 

show ed  isoe lec tric  po in ts  (p i) w h ich  sh ifted  to low er pH as increas ing  DS. E85/0.1 

g ra d u a lly  increased  its d ro p le ts  s ize  abo ve  p i, w hereas E85/1 and  E85/2 m ain ta ined  

co n s ta n t in th e ir size, e xc e p t ag g lo m e ra te  be low  p i. W ith increas ing  e lec tro ly te  

co n cen tra tions  in the range  o f 0 .1 -4  เทM or 0.1-1 ทาM, the d ro p le t s ize  fo r those  E85/0.1, 

E85/1 and  E85/2 m ain ta ined  co n s ta n t w ithou t co n s id e rin g  the  su rface  cha rges. W ith 

increas ing  e lec tro ly te  conce n tra tio n s  m ore than o r equa l 6 mM fo r E85/0.1 and  2 ทาM for 

E85/1, E85/2, m ay cause  to co m p re ss  the e le c tric  d o u b le  layer in a c o n se q u e n ce  of 

agg lom e ra tion . The su rfa ce  m ean d ia m e te r o f E85/0.1, E85/1, and  E85/2 increased  

a b ru p tly  a round  5 0 ° c  due  to the w a te r deh yd ra tio n  around  PCTS m o lecu le  induc in g  

m ore h y d ro p h o b ic  su rface . The ind iv idua l d ro p le ts  b e ca m e  c lo se r w ith h yd ro p h o b ic  

in te raction , resu lting  in agg lom era tion .

Therefore, it shou ld  be  c o n c lu d e d  tha t PCTS shou ld  be a new  a ttractive  

p o lym er fo r using as em uls ifie r, i.e. reac tive  agen ts  e n capsu la to rs , e sp e c ia lly  fo r 

pha rm a ce u tica l and  d ru g  de live ry  system , in c lu d in g  in persona l ca re  p roduc ts .
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Future  A spects

Part 1

1. The h y d ro p h o b ic  and  hyd ro p h ilic  b a lance  can  be  ad ju s te d  s im p ly  by  va ry ing  

อ อ  o f ch itosan , so  th is hypo thes is  can  be  co n firm e d  by  m easuring  HLB o f PCTS 

syn thes ized  from  various อ อ  ch itin -ch ito san  copo lym er.

2. เท o rd e r to su p p o rt the  con foca l m ic ro g ra p h  resu lt and  con firm  e ither 

flo ccu la tio n  or coa le sce n ce , the p hys ica l m echan ism  o f em uls ion using  PCTS as 

em u ls ifie r at conce n tra tio n  o f 0 .063% w /v  shou ld  also be investiga ted .

Part 2

1. เท o rd e r to ve rify  s te ric  repu ls ive  w hen va ry ing  tem pera tu re . The 

h yd ro d yn a m ic  rad ius  o f gyra tion  o f em uls ion w ou ld  be fu rthe r investiga ted .

2. HLB is a lso a s im p le  m ethod  to de te rm ine  h yd ro p h ilic ity  w hen va ry ing

tem pera ture .
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