
CHAPTER II
EXPERIMENTAL

2.1 Materials

1 0 ,1 2 -p e n ta c o s a d iy n o ic  a c id  (PC D A ) a n d  6 ,8 -n o n a d e c a d iy n o ic  a c id  (N C D A ) w e re  

p u r c h a s e d  f r o m  G FS  C h e m ic a ls  (USA). O x a ly l  c h lo r id e  w a s  p u r c h a s e d  f r o m  F lu k a  

(S w itz e r la n d ) . T r ie th y la m in e  (AR g ra d e ) w a s  p u r c h a s e d  f r o m  M e rc k . 3 -A m in o  p h e n y l  

b o r o n ic  a c id , 3 -F ly d ro x y  p h e n y l  b o r o n ic  a c id , 4 -A m in o  p h e n y l  b o r o n ic  a c id  a n d  4 - 

F ly d ro x y  p h e n y l  b o r o n ic  a c id  w e r e  p u rc h a s e d  f r o m  A ld r ic h  (USA). 4 - a m in o  s a l ic y l ic  

a c id  a n d  2 ,4 -d ih y d ro x y b e n z o ic  a c id  w e re  p u r c h a s e d  f r o m  A ld r ic h  (USA). T r ie th y le n e  

g ly c o l w a s  p u rc h a s e d  f r o m  M e rc k . N ,N -d ic y c lo h e x y lc a r b o d i im id e  (D CC ) w a s  p u rc h a s e d  

f r o m  A ld r ic h .  4 - (D im e th y la m in o )  p y r id in e  (D M A P ) w a s  p u rc h a s e d  f r o m  A ld r ic h .  

p - T o lu e n e s u l f o n y l  c h lo r id e  w a s  p u rc h a s e d  f r o m  A ld r ic h .  M i l l i -Q  w a te r  a n d  10 m M  

H E P E S  b u f fe r  p H  = 7 .4  w e re  u s e d  in  a l l  e x p e r im e n ts .  A n a ly t ic a l  g ra d e  s o lv e n t s  s u ch  

as c h lo r o fo rm  a n d  m e th y le n e  c h lo r id e  w e re  u s e d  w it h o u t  fu r th e r  p u r if ic a t io n .  A l l  

o rg a n ic  s o lv e n t s  fo r  m o n o m e r  s y n th e s is  a n d  p u r if ic a t io n  w e re  p u r c h a s e d  f r o m  RCI 

L a b s c a n  (T h a ila n d ) . T h in  la y e r  c h r o m a to g ra p h y  (T LC ) w a s  c a r r ie d  o u t  u s in g  M e r c k  60  

F 2 5 4  p la t e s  w ith  a th ic k n e s s  o f  0 .25  m m .

2.2 Analytical instruments

T h e  !H -N M R  s p e c tra  w e re  r e c o rd e d  o n  V a r ia n  M e rc u r y  4 0 0  M H z  N M R  

s p e c t r o m e te r  (V a ria n , U S A ) a n d  13C -N M R  s p e c t r a  w e re  r e c o rd e d  o n  B ru k e r  M e r c u r y  

4 0 0  M H z  N M R  s p e c t r o m e te r  (B ru ke r, G e rm a n )  u s in g  t h e  r e s id u a l s o lv e n t  p r o to n  

r e s o n a n c e  o f  C H C l3 a n d  D M S O  a t  7 .26  p p m  a n d  2 .5 0  p p m  r e s p e c t iv e ly  a s  t h e  

r e fe re n c e . T h e  m o le c u la r  m a s s  w e r e  o b t a in e d  f r o m  a lo w - r e s o lu t io n  q u a d r u p le  m a s s  

a n a ly z e r  (Q u a t t ro  M ic ro  API 2 0 00 , M ic ro m a s s )  u s in g  t h e  e le c t r o s p r in  io n iz a t io n  (ESI) 

t e c h n iq u e .  S o n ic a t io n  w a s  c a r r ie d  o u t  in a u lt r a s o n ic a t in g  b a th  (T ra n s in ic  S40 H , E lm a , 

G e rm a n y ) . U V - ir ra d ia t io n  w a s  c o n d u c t e d  u s in g  u v  l ig h t  s o u r c e  (T U V  1 5 W /G 1 5  T 1 8  

la m p ;  P h il ip s ,  H o lla n d ) .  T h e  U V /v is  s p e c t ra  w e re  r e c o rd e d  o n  a t e m p e ra t u r e  v a r ia b le  

U V -V is  s p e c t r o p h o t o m e t e r  (V a ria n  C a r ry  100  B io , USA).



2.3 Boronic acid diacetylene monomers synthesis (la-6a)

OH

Scheme 2.1 S y n th e s is  o f  b o r o n ic  a d d  d ia c e t y le n e  m o n o m e r s  (la-6a).

General procedure for synthesis of acid chloride polydiacetylene: O x a ly l  

c h lo r id e  (1 58 .4  p L , 1 .82 m m o l)  w a s  a d d e d  d r o p w is e  in to  t h e  s o lu t io n  o f  10 ,12 - 

p e n ta c o s a d iy n o ic  a c id  (PC D A ) (2 00  m g, 0 .53  m m o l)  in d r y  d ic h lo r o m e th a n e  (10  m L). 

T h e  m ix tu re  w a s  s t ir re d  fo r  6 h o u rs  a t  r o o m  t e m p e ra t u r e  u n d e r  N 2 a tm o s p h e re .  

T h e n , t h e  s o lv e n t  w a s  r e m o v e d  b y  e v a p o ra to r .  A f te r  th a t ,  4 - A m io p h e n y ib o r o n ic  a c id  

(199 .8  m g , 1.46 m m o l)  w a s  d is s o lv e d  in  d ry  t e t r a h y d ro fu r a n  (TH F) (1 m L ) a n d  th e n  

t h e  b o r o n ic  a c id  s o lu t io n  w a s  a d d e d  d r o p w is e  in to  t h e  s o lu t io n  o f  a c id  c h lo r id e  in  

d r y  T H F  (9 m L ) a n d  t r ie th y la m in e  (TEA) (3 74  p L , 2 .1 9  m m o l) .  T h e  m ix tu re  w a s  s t ir re d
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fo r  o v e rn ig h t  a t  r o o m  te m p e ra t u r e  u n d e r  N 2 a tm o s p h e r e .  A f te r  th a t ,  s o lv e n t  w a s  

r e m o v e d  a n d  p u r if ie d  b y  r e c r y s t a l l iz a t io n  in  m e th a n o l t o  g ive  10,12-pNB-PCDA (la) 
as p a le  b ro w n  s o l id  (1 48 .8  m g, 5 0  % y ie ld ):  m .p . = 1 0 9 -1 11°C; *H -N M R  (400  M H z , 

D M S O -d 6): 8  = 0 .91  (t, J  = 6 .8 H z, 3H ; -C H 3), 1 .30-1 .51  (m , 32H ; -C H 2), 2 .2 6 -2 .3 4  (m ,

6H; -C H 2), 6 .72  (d, J  = 8 .8  H z, 2H ; A r-H ), 7 .40  (d, J  = 8 .9  H z, 2H; A r-H ), 9 .17  (ร, 1H), 9 .62  

(ร, 1H)

10.12- mNB-PCDA (2a): S y n th e s iz e d  a c c o rd in g  t o  a b o v e  g e n e ra l p r o c e d u re  

f r o m  o x a ly l  c h lo r id e  (395 .9  p L , 4 .5 4  m m o l) ,  P C D A  (5 00  m g , 1 .33  m m o l) ,  3-Amino 
phenyl boronic acid (6 81 .4  m g , 3 .66  m m o l)  a n d  T E A  (9 38 .8  p L , 5 .49  m m o l) .  

P u r if ie d  b y  r e c r y s t a l l iz a t io n  in  m e th a n o l t o  g ive  10,12-mNB-PCDA (2a) as w h ite  s o l id  

(489 .6  m g, 56  % y ie ld ): m .p . = 17 3 -1 76°C ; JH -N M R  (400  M H z , D M S O -d 6): 8  = 0 .86  (t, J =

6.8  H z, 3H; -C H 3), 1 .24 -1 .5 8  (m , 32H ; -C H 2), 2 .2 6 -2 .3 0  (m , 6H; -C H 2), 7 .2 4  (t, J  = 7 .7 H z, 

1H; A r-H ), 7 .46  (d, J  = 7 .3  H z, 1H; A r-H ), 7 .72  (d, J  = 7 .3  H z, 1H; A r-H ), 7 .82  (ร, 1H; A r-H ), 

7 .97  (ร, 2H ; -O H ), 9 .76  (ร, 1H; -N H )

6,8-mNB-NCDA (3a): S y n th e s iz e d  a c c o rd in g  t o  a b o v e  g e n e ra l p r o c e d u re  f r o m  

o x a ly l  c h lo r id e  (742 .9  p L , 5 .85  m m o l) ,  6,8-nonadecadiynoic acid (NCDA) (5 00  m g, 

1.72 m m o l) ,  3-Aminophenylboronic acid (8 85 .8  m g, 4 .76  m m o l)  a n d  T E A  (1 2 2 0  pL ,

7 .1 4  m m o l) .  P u r if ie d  b y  r e c r y s t a l l iz a t io n  in  m e th a n o l t o  g ive  6,8-mNB-NCDA (3a) as 

w h ite  s o l id  (3 65 .9  m g, 45  % y ie ld ): m .p . = 1 9 0 -1 91 °C ; ^ - N M R  (400  M H z , D M S O -d 6): 8

= 0 .8 6  (t, J  = 6 .8  H z, 3H; -C H 3), 1 .25 -1 .66  (m , 20H , -C H 2), 2 .2 6 -2 .3 5  (m , 6H , -C H 2), 7 .25  

(t, J  = 7 .7 H z, 1H; A r-H ), 7 .46  (d, J  = 7 .3  H z, 1H; A r-H ), 7 .72  (d, J  = 8 .0  H z, 1H; Ar-H ), 

7 .82  (ร, 1H; A r-H ), 7 .99  (ร, 2H ; A r-H ), 9 .81  (ร, 1H; -N H )

10.12- pEB-PCDA (4e): S y n th e s iz e d  a c c o rd in g  t o  a b o v e  g e n e ra l p r o c e d u r e  f r o m  

o x a ly l  c h lo r id e  (395 .9  p L , 4 .5 4  m m o l) ,  P C D A  (500  m g, 1.33 m m o l) ,  4-Hydroxyphenyl 
boronic acid (2 62 .8  m g, 1.91 m m o l)  a n d  T E A  (3 25 .5  p L , 1.91 m m o l) .  P u r if ie d  b y  

r e c r y s t a l l iz a t io n  in m e th a n o l t o  g iv e  10,12-pEB-PCDA (4e) as w h ite  s o l id  (3 12 .4  m g, 

40  % y ie ld ): m .p . = 74 -75 °C ; ’ h -N M R  (4 00  M H z , C D C l3): 8  = 0 .87  (t, J  = 5 .5  H z, 3H; 

-C H 3), 1 .25 -1 .7 7  (m , 32H ; -C H 2), 2 .2 2 -2 .5 8  (m , 6H; -C H 2), 7 .12  (d, J  = 8 .3  H z, 2H ; Ar-H ), 

7 .76  (d, J  = 8.1 H z, 2H ; A r-H )

10.12- mEB-PCDA (5e): S y n th e s iz e d  a c c o rd in g  t o  a b o v e  g e n e ra l p r o c e d u re  f r o m  

o x a ly l  c h lo r id e  (1 58 .4  p L , 1 .82  m m o l) ,  P C D A  (200  m g, 0 .53  m m o l) ,  3-Hydroxyphenyl 
boronic acid (2 66 .9  m g , 1 .94  m m o l)  a n d  T E A  (4 90  p L , 2 .9 0  m m o l) .  P u r if ie d  b y  

r e c r y s t a l l iz a t io n  in  m e th a n o l t o  g ive  10,12-mEB-PCDA (5e) as w h ite  s o l id  (1 60  m g, 42  

% y ie ld ): m .p . = 50 -52 °C ; ' h -N M R  (4 00  M H z , D M S O -d 6): 8  = 0 .85  (t, J  = 6 .8  H z, 3H; -
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C H 3), 1 .34 -1 .6 5  (m , 32H ; -C H 2), 2 .1 4 -2 .3 2  (m , 6H; -C H 2), 7 .13  (d, J  = 9 H z, 1H; A r-H ),

7 .35  (t, J = 7 .8 H z, 1H; A r-H ), 7 .45  (ร, 1H; A r-H ), 7 .6 4 -7 .6 7  (d, J  = 7.5 H z , 2H; A r-H )

6,8-pEB-NCDA (6e): S y n th e s iz e d  a c c o rd in g  t o  a b o v e  g e n e ra l p r o c e d u r e  f r o m  

o x a ly l  c h lo r id e  (742 .9  p L , 5 .85  m m o l) ,  NCDA (5 00  m g, 1 .72  m m o l) ,  4-Hydroxyphenyl 
boronic acid (7 22 .6  m g, 5 .2 4  m m o l)  a n d  T E A  (1 342  p L , 7 .86  m m o l) .  P u r if ie d  b y  

r e c r y s t a l l iz a t io n  in m e th a n o l t o  g ive  6,8-pEB-NCDA (6e) as w h ite  s o l id  (2 20  m g , 45  

% y ie ld ):  m .p . = 89 -90 °C ; ' h -N M R  (4 00  M H z , C D C l3): Ô = 0 .87  (t, J  = 6 .5  H z, 3H; -C H 3), 

1 .26 -1 .9 4  (m , 2 0 H , -C H 2), 2 .2 3 -2 .6 5  (m , 6H , -C H 2), 7 .23  (d, J  = 8 .2  H z, 2H; A r-H ), 8 .2 4  (d, 

J  = 8 .0  H z, 2H; A r-H )

2.4 Salicylic acid diacetylene monomers synthesis (7s-9s)

“' ^ ๓ N2, Q ĉ. 2 hr 
CH2CI2 tea

H2Nv

o m
■ ^ 4 0 - 70-80°C, 48 hr 

CHjCN, K2COj
, j o â ”
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Scheme 2.2 S y n th e s is  o f  s a l ic y l ic  a c id  d ia c e t y le n e  m o n o m e r s  (7s-9s).

T h e  s y n th e s is  o f  10,12-TEGASA-PCDA (7s) c o m p o s e  o f  t h r e e  s te p s . F irst, 

t o s y la t io n  h a s  u s e d  p - T o lu e n e s u l f o n y l  c h lo r id e  as a n u c le o p h i le .  A f te r  th a t ,  

n u c le o p h i l ic  s u b s t itu t io n  T sC l-T E G  o f  w a s  r e a c te d  4 - a m in o s a l ic y l ic  a c id . F in a l ly ,  e s te r  

c o u p l in g  o f  P C D A  w a s  r e a c te d  w ith  T E G A S A  ( s y n th e s is  r o u te  as s h o w n  in  S c h e m e  2.2).

Tosylation of TEG: p - T o lu e n e s u l f o n y l  c h lo r id e  (0 .3 5 7 6  g, 18 .8  m m o l)  w a s  

a d d e d  p o r t io n w is e  in to  t h e  s o lu t io n  o f  t r ie th y le n e  g ly c o l  (1 1 .2 2 5 0  g, 7 4 .9  m m o l)  in  

C H 2C l2 (40  ท าบ  a n d  T E A  (5 m L , 37 .4  m m o l) .  T h e  m ix tu re  w a s  s t ir re d  fo r  2  h o u rs  a t  0 ° c  

u n d e r  N 2 a tm o s p h e re .  T h e  p r o d u c t  w a s  p u r if ie d  b y  c o lu m n  c h r o m a to g ra p h y  w ith  

( 9 : l/ C H C l3:M eO H ) as a n  e lu e n t  t o  g ive  t h e  c o lo r le s s  o i l  o f  TsCl-TEG (4 .6 9 96  g,
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q u a n t ita t iv e  y ie ld ) ;  ‘ h -N M R  (4 00  M H z , C D C l3): 8  = 2 .43  (ร, 3H; A r -C H 3), 3 .5 5 -3 .7 0  (m , 

10H , -O C H 2), 4 .1 3 -4 .1 7  (m , 2H , -O C H 2), 7 .33  (ช, J  = 8.1 H z, 2H; A r-H ), 7 .79  (d, J = 7 .8 Hz, 

2H; Ar-H ).

Nucleophilic substitution o f TsCl-TEG: T s C l-T E G  (2 .6196  g, 17 .8  m m o l) ,  4 - 

a m in o s a l ic y l ic  a c id  (3 .2649  g, 21 .3  m m o l)  a n d  K 2C 0 3 (2 .4 5 59  g, 17 .7  m m o l)  w e re  

d is s o lv e d  in a c e t o n it r i le  (20  m L). T h e  m ix tu re  w a s  r e f lu x  f o r  4 8  h o u rs  u n d e r  N 2 

a tm o s p h e r e .  T h e  s o lv e n t  w a s  r e m o v e d  b y  e v a p o r a t io n .  T h e  p r o d u c t  w a s  p u r if ie d  b y  

c o lu m n  c h r o m a to g ra p h y  w ith  (8 :2 /C H 2C l2:M e O H )  as a n  e lu e n t  t o  g iv e  t h e  b ro w n  

v is c o u s  o i l  o f  linker salicylic acid. (2 .5011  g, 95  % y ie ld );  !H -N M R  (400  M H z , C D C I3)-. 8  

= 3 .3 5 -3 .8 2  (m , 10H; -O C H 2), 4 .4 3 -4 .4 5  (m , 2H; -O C H 2), 6 .61 (ร, 2H; A r-H ), 7 .65  (d, J =

9.0 H z, 1H; A r-H ), 10 .82  (ร, 1H; -OH).

Ester coupling: A / ,A / -D ic y c lo h e x y lc a rb o d iim id e  (D CC ) (321.9 m g , 1.56 m m o l)  a n d  

4 -D im e th y la m in o p y r id in e  (D M A P ) (2-3 c ry s ta ls )  w e r e  p o r t io n w is e  in to  t h e  s o lu t io n  o f

1 0 .1 2 - p e n ta c o s a d iy n o ic  a c id  (PC D A ) (500  m g, 1 .33  m m o l)  in d ry  d ic h lo r o m e th a n e  (10 

m L). T h e  m ix tu re  w a s  s t ir re d  fo r  10 m in  a t 0 ° c  u n d e r  N 2 a tm o s p h e r e .  T h e  s o lu t io n  o f  

T E G A S A  (379 .4  m g, 1.33 m m o l)  in  d ry  d ic h lo r o m e th a n e  (5 m L ) w a s  a d d e d  in to  t h e  

m ix tu re . T h e  r e a c t io n  w a s  s t ir re d  fo r  2  h o u rs . T h e  m ix tu re  w a s  f i l t r a t e d  b y  f i lt r a t e  

p a p e r  a n d  t h e n  t h e  s o lv e n t  w a s  r e m o v e d  b y  e v a p o ra t io n .  T h e  c r u d e  p r o d u c t io n  w a s  

p u r if ie d  b y  c o lu m n  c h r o m a to g ra p h y  w ith  (8 :2 /C H 2C l2:M e O H ) as a n  e lu e n t  t o  g ive

10.12- TEGASA-PCDA (7s) as a c o lo r le s s  v is c o u s  o i l  (1 60 .4  m g, 25  % y ie ld ): ^ - N M R  

(400  M H z , C D C I3): 8  = 0 .90  (t, J  = 6 .8  H z , 3H; -C H 3), 1 .28 -1 .55  (m , 32H ; -C H 2), 2 .2 4 -2 .3 6  

(m , 6 H; -C H 2), 3 .7 0 -3 .7 3  (m , 6 H; -O C H 2), 4 .2 4  (t, J  = H z, 2H; -O C H 2) 4 .4 7  (t, J  = H z, 2H; 

-O C H 2), 6 .26  (d, J  = 10 .2  H z , 2H; A r-H ), 7 .70  (d, J  = 8 .3  H z, 2H; A r-H ), 10 .90  (ร, 1H; -O H )

10.12- pASA-PCDA (8s) ะ S y n th e s iz e d  a c c o rd in g  t o  a b o v e  g e n e ra l p r o c e d u re  

f r o m  o x a ly l  c h lo r id e  (2 34  p L , 2 .7 2  m m o l) ,  P C D A  (300  m g , 0 .8 0  m m o l) ,  4- 

A m in o s a l ic y l ic  a c id  (3 08  m g , 2 .0 2  m m o l)  a n d  T E A  (421 p L , 3 .02  m m o l) .  P u r if ie d  b y  

r e c r y s t a l l iz a t io n  in  m e th a n o l t o  g iv e  10,12-pASA-PCDA (8s) as w h it e  s o l id  (1 55  m g, 

30  % y ie ld ): m .p . = 95 -97 °C ; ‘ h -N M R  (4 00  M H z , C D C I3): 8  = 0 .90  (t, J  = 6 .8  H z , 3H; - 

C H 3), 1 .28 -1 .5 3  (m , 32H ; -C H 2), 2 .24 -2 .4 1  (m , 6 H; -C H 2), 6 .6 6  (t, J  = 7 .8 H z, 1H; A r-H ),

7 .18  (t, J  = 8 .3  H z, 1H; A r-H ), 7 .74  (ร, 1H; A r-H )

10.12- pHSA-PCDA (9s) ะ S y n th e s iz e d  a c c o rd in g  t o  a b o v e  g e n e ra l p r o c e d u r e  

f r o m  o x a ly l  c h lo r id e  (2 34  p L , 2 .72  m m o l) ,  P C D A  (3 00  m g, 0 ,8 0  m m o l) ,  2 ,4 - 

D ih y d r o x y b e n z o ic  a c id  (3 44  m g , 2 .23  m m o l)  a n d  T E A  (4 68  p L , 3 .35  m m o l) .  P u r if ie d  b y  

r e c r y s t a l l iz a t io n  in  m e th a n o l t o  g ive  10,12-pHSA-PCDA (9s) a s  w h ite  s o l id  (1 63 .2  m g, 

% y ie ld ): m .p . = 74 -76 °C ; !H -N M R  (4 00  M H z , C D C I 3): 8  = 0 .9 0  (t, J  = 6 .8  H z , 3H; -C H 3),
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1 .28 -1 .55  (m , 32H ; -C H 2), 2 .2 4 -2 .3 6  (m , 6H; -C H 2), 6 .66  (t, J = 7 .6  H z, 1H; A r-H ), 7 .18  (t, J 

= 8 .3  H z, 1H; A r-H ), 7 .7 4  (ร, 1H; A r-H )

2.5 Preparation of polydiacetylene sols

T h e  d ia c e t y le n e  m o n o m e r  w a s  d is s o lv e d  in c h lo r o f o rm  (1 ท าบ  in  t h e  t e s t  t u b e  

a n d  t h e n  t h e  s o lv e n t  w a s  e v a p o r a te d  b y  N 2 gas. T h e  M i l l - Q  w a te r  w a s  a d d e d  t o  

p r o v id e  0.1 m M  l ip id  s u s p e n s io n .  T h e  s u s p e n s io n  w a s  s o n ic a te d  a t  7 5 -8 0 °C  fo r  2 
h o u rs . T h e  s u s p e n s io n  w a s  a l lo w e d  t o  c o o l  d o w n  t o  r o o m  t e m p e ra t u r e  a n d  t h e n  

f i l t e r e d  th ro u g h  a f i l t e r  p a p e r . T h e  s u s p e n s io n  w a s  k e p t  a t  4°c o v e rn ig h t . T h e  v e s ic le  

s u s p e n s io n  w a s  ir ra d ia te d  b y  uv ir ra d ia t io n  (256 n m , 15 W a tt)  fo r  5 m in u te s  a t 0°c t o  

g e n e ra te  t h e  P D A  b lu e  so ls .

2.6 Determination of particle size of polydiacetylene sols

T h e  p a r t ic le  s iz e  o f  p o ly d ia c e t y le n e  s o ls  w e r e  c h a r a c te r iz e d  b y  d y n a m ic  lig h t  

s c a t te r in g  t e c h n iq u e .  T h e  a v e ra g e  s iz e  o f  v e s ic le s  a n d  t h e  s iz e  d is t r ib u t io n  w e re  

d e te r m in e d  b y  n a n o s iz e r  (M a lv e rn  In s tru m e n t) . E a c h  s a m p le  w a s  r e p e a te d  

m e a s u r e m e n t  fo r  3 t im e s  in  o r d e r  t o  a c q u ir e  a n  a v e ra g e  d a ta .

2.7 Thermochromie study of polydiacetylene sols

2.7.1 Study of color transition temperature

T h e  m o n ito r in g  o f  P D A  s o ls  c o lo r  t r a n s it io n  w a s  ta k e n  b y  u s in g  t e m p e ra t u r e  

c o n t r o l le d  U V -V is  s p e c t r o p h o to m e te r .  T h e  s a m p le s  w e re  p ip e t t e d  t o  im m e rs e  in  a 

q u a r t z  c e l l  w ith  1 c m  o p t ic a l  p a th  le n g th . T h e  s p e c t r u m  w a s  c o l le c t e d  f r o m  8 0 0  t o  

2 0 0  n m  w ith  t h e  z e r o  a b s o rb a n c e  s e t  a t  8 0 0  n m . T h e  t e m p e ra t u r e  w a s  h e a t e d  f ro m  

25  t o  9 0 ° c . T h e  d a ta  w e r e  c o l le c t e d  a f te r  t h e  t e m p e ra t u r e  re a c h  t o  e a c h  s e t t in g  

t e m p e ra t u r e  a n d  w a it e d  fo r  5 m in u te s .

2.7.2 Colorimetric response (%CR)

T h e  q u a n t ita t iv e  e v a lu a t io n  o f  c o lo r im e t r ic  r e s p o n s e  (% CR) w a s  d e te r m in e d  as 

p e rc e n ta g e  o f  t h e  c h a n g e  o f  t h e  b lu e  c o lo r  f r a c t io n  (F B 0 -  FB ) a g a in s t  t h e  in it ia l b lu e  

c o lo r  f r a c t io n  (FB0) c a lc u la t e d  f r o m  t h e  fo l lo w in g  e q u a t io n

% CR  = 100  X (FB0 -  F B )/F B 0
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FB  is t h e  b lu e  f r a c t io n  c a lc u la t e d  f r o m  A blue /  (A blue + A red) w h e r e  A blue a n d  A red a re  

t h e  a b s o rb a n c e  a t  t h e  A ,max o f  t h e  b lu e  a n d  t h e  re d  fo rm s  o f  p o ly d ia c e t y le n e s  

r e s p e c t iv e ly .

2.8 Thermochromie reversibility study of PDA sols

T h e  r e v e r s ib il i t y  o f  P D A  s o ls  w a s  s tu d ie d  b y  t e m p e ra t u r e  c o n t r o l le d  U V -V is  

s p e c t r o p h to t o m e te r .  T h e  s a m p le  w a s  p ip e t t e d  3 .0  ทาL t o  im m e rs e  in  a q u a r t z  c e l l  

w ith  1 c m  o p t ic a l  p a th  le n g th . T h e  t e m p e ra t u r e  w a s  s e t  a t  25  a n d  9 0 ° c  fo r  t e n  

c y c le s .  T h e  s p e c t r u m  w a s  c o l le c t e d  f r o m  8 0 0  t o  4 0 0  n m . T h e  A ,max o f  t h e  b lu e  a n d  

t h e  re d  p h a s e  o f  e a c h  s a m p le  w e r e  d e te r m in e d  a t  25  a n d  9 0 ° c  o f  e v e r y  c y c le .

2.8.1 Degree of reversibility (%DR)

T o  c a te g o r iz e  t h e  re v e r s ib il i t y  o f  PD A , t h e  b lu e  p h a s e  a b s o rp t io n  in  t h e  c y c le  

e x p e r im e n t  w e re  t r a n s la t e d  in to  % D R  r e p re s e n t in g  p e r c e n t  r e c o v e r y  o f  t h e  m a x im u m  

a b s o rp t io n  o f  t h e  b lu e  p h a s e  w ith  r e s p e c t  t o  t h e  f irs t  c y c le  a c c o rd in g  t o  t h e  

fo l lo w in g  e q u a t io n .

% D R  = 100  X A A a v /A A !

A A  is t h e  d if f e r e n c e  o f  a b s o rb a n c e  o f  b lu e  p h a s e  b e tw e e n  25°c a n d  90°c in  e a c h  

c y c le .  A A av§ is t h e  A A  a v e ra g e  f r o m  t h e  2 nd t o  1 0 th  c y c le s  a n d  AA1 is A A  o f  t h e  f irs t  

c y c le  [23].

2.9 Alkalinochromic study of polydiacetylene sols

2.9.1 Acid-base sensing

T h e  s t a b i l i t y  o f  P D A  s o ls  u n d e r  v a r io u s  p H  w e re  t e s t e d .  T h e  2 M  h y d r o c h lo r ic  

a c id  a n d  2 M  p o ta s s iu m  h y d ro x id e  w e re  a d d e d  in to  t h e  P D A  s o ls  0.1 m M  in  f in a l 

c o n c e n t r a t io n  fo r  pH  a d ju s tm e n t  b e tw e e n  2 -14 . T h e  re s u lt in g  s o lu t io n s  w e r e  k e p t  fo r  

5 m in u te s  b e fo r e  m o n ito r in g  b y  d ig ita l c a m e ra  a n d  U V -V is  s p e c t r o m e t r y .  T h e  s p e c t r a  

w e re  c o l le c t e d  f r o m  8 0 0  t o  2 0 0  n m  w ith  t h e  z e r o  a b s o rb a n c e  s e t  a t  8 0 0  nm .

2.10 Affinochromic study of polydiacetylene sols

2.10.1 Affinochromism of sugars

T h e  a f f in o c h ro m ic  p r o p e r t ie s  o f  a l l  P D A s  s o ls  w e re  t e s t e d  w ith  8  suga rs  

c o m p o s e  o f  m a lto s e ,  la c to s e ,  f r u c to s e ,  s u c ro se , g lu c o s e , g a la c to s e ,  m a n n o s e  a n d
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s a c c h a r in  a t  t h e  1 m M  c o n c e n t r a t io n  le v e l  in to  P D A  s o ls  0.1 m M  in  f in a l 

c o n c e n t r a t io n .  T h e  re s u lt in g  s o lu t io n s  w e re  k e p t  fo r  5  m in u te s  b e fo r e  m o n ito r in g  b y  

d ig ita l c a m e ra .

2.10.2 Affinochromism of surfactans

T h e  a f f in o c h ro m ic  p r o p e r t ie s  o f  a l l  P D A s  s o ls  w e r e  t e s t e d  w ith  11 s u r fa c ta n ts  

c o m p o s e  o f  n o n - io n ic  s u r fa c ta n ts  (T w e e n 2 0 , Brij®58P, T r ito n X -1 0 0 ) , a n io n ic  

s u r fa c ta n ts  (SD C , SD S, SD BS) a n d  c a t io n ic  s u r fa c ta n ts  (TTAB , D TA B , H T A B , C T A B , H D PB ) 

a t t h e  5 0  p M  c o n c e n t r a t io n  le v e l  in to  P D A  s o ls  O . lm M  in  f in a l c o n c e n t r a t io n .  T h e  

re s u lt in g  s o lu t io n s  w e r e  k e p t  fo r  5 m in u te s  b e fo r e  m o n ito r in g  b y  d ig it a l c a m e ra  a n d  

U V -V is  s p e c t r o m e t r y .  T h e  s p e c t r a  w e re  c o l le c t e d  f r o m  8 0 0  t o  2 0 0  n m  w ith  t h e  z e r o  

a b s o rb a n c e  s e t  a t  8 0 0  nm .

2.10.3 Affinochromism of metal ions

T h e  a f f in o c h ro m ic  p r o p e r t ie s  o f  a l l  P D A s  s o ls  w e r e  t e s t e d  w ith  16 m e ta l  io n s  

c o m p o s e  o f  P b 2+, C a 2+, C d 2+, Z n 2+, Hg2t, M n 2+, Co2\  N i2+, C u 2+, N a +1 B a2+, A l3+, L i+, A g +, 

M g 2+ a n d  S r2+ a t  t h e  5 0  p M  c o n c e n t r a t io n  le v e l  in to  P D A  s o ls  O . lm M  in f in a l 

c o n c e n t r a t io n .  T h e  re s u lt in g  s o lu t io n s  w e re  k e p t  fo r  5  m in u te s  b e fo r e  m o n ito r in g  b y  

d ig ita l c a m e ra .

2.11 Solvatochromie study of PDA coated paper

2.11.1 Preparation of PDA coated paper

B o ro n ic  a c id  d ia c e t y le n e  m o n o m e r s  w e re  fa b r ic a t e d  o n t o  f i l t e r  p a p e r  s h e e ts .  

T h e  fa b r ic a t io n  w a s  s ta r te d  b y  d ro p p in g  a s o lu t io n  o f  t h e  D A  m o n o m e r  in  T H F  o n  

f i l t e r  p a p e r  a n d  a l lo w in g  fo r  a ir d ry  in  t h e  d a rk  a t  r o o m  te m p e ra tu r e .  T h e  s iz e  o f  t h e  

D A  d o t  c a n  b e  e a s ily  c o n t r o l le d  b y  t h e  s o lu t io n  v o lu m e  u s in g  a n  a u t o  p ip e t t e  a n d  

t h e  d e s ir e d  n u m b e r s  o f  D A  d o t s  a re  c r e a te d  s im p ly  b y  r e p e a t in g  t h e  d r o p  c a s t in g  

p ro c e s s  a t  d if fe r e n t  lo c a t io n s  o n  t h e  f i l t e r  p a p e r . T h e  r e s u lt in g  f i l t e r  p a p e r  c o a te d  

w ith  m u lt ip le  d o t s  o f  t h e  D A  m o n o m e r  w a s  ir r a d ia te d  w ith  u v  lig h t  (2 54  n m , 5 0 0  

p W / c m 2) fo r  1 m in  t o  p r o d u c e  t h e  r e p l ic a t e d  P D A  s e n s in g  d o ts .
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