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CHAPTER III

RESULTS AND DISCUSSION

3.1 S yn th e s is  an d  c h a ra c te r iz a t io n  o f  f lu o ro p h o re s

T h e  syn th e s is  o f  FI began  w ith  a S u zu k i c o u p lin g  re a c t io n  b e tw e e n  m e th y l 4- 
io d o s a lic y la te  a n d  b is - (p in a co la to )d ib o ro n  t o  o b ta in  b o ro n a te  e s te r  1. T h is  b o ro n a te  

e s te r  w as th e n  re a c te d  w ith  d ib ro m o f lu o re n e  t o  o b ta in  2  f o l lo w e d  b y  a t re a tm e n t  w ith  

a sa tu ra te d  KO H  a q u e o u s  s o lu t io n  t o  a ffo rd  FI in 71% y ie ld  a fte r a c id if ic a t io n  using 6M 
HC l.

Scheme 3.1 S yn th e s is  o f  FI

T h e  *H N M R  sp e c tra  o f  1 a n d  2  in  CD C I3 a n d  FI in D M S O c /6  a re  sh o w n  in  Figure
3.1. เท th e  sp e c tra  o f  1, th e re  are s igna ls o f  t e t ra m e th y l d io x o b o ro n  an d  sa lic y la te  

g roup  th a t  in d ic a te  a su c c e s s fu l c o u p lin g  o f  th e  tw o  m o ie t ie s . T h e  a b s e n c e  o f  th e  

ทาe th o x y  g roup  in FI suggested  th a t  th e  h y d ro ly s is  o f  th e  m e th y l s a lic y la te  g roup  w as 

su cce ss fu l.
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Figure 3.1 *H-NMR (400 M H z) o f  1 and 2 in C D C lj  a n d  FI in DMSO-c/6 .

T h e  13C -N M R  sp e c tru m  o f  F I  (F igure A.4, se e  a p p en d ix )  sh o w s  th e  c a rb o n  s igna ls 

in th e  a lk y l a n d  a ro m a t ic  reg ion  a ro u n d  13-31 an d  110-172 p p m , re sp e c t iv e ly .

M o re o ve r, th e  ana ly s is  b y  M ALD I-TO F m ass s p e c tro m e try  c o n f irm e d  th e  

s t ru c tu ra l c o m p o s it io n  o f  F I  as a m ass o f  661 .60  w as fo u n d  fo r  th is  c o m p o u n d  w h o se  

c a lc u la te d  e x a c t m ass is 662.36

C o m p o u n d  3  w as o b ta in e d  b y  S o nogash ira  c o u p lin g  b e tw e e n  2 ,7 -d ib ro m o -9 ,9 - 

d io c ty l-9 H - f lu o re n e  a n d  t r im e th y ls ily la c e ty le n e . T h e  d e s ily la t io n  t o  a ffo rd  4  w as  

su c c e s s fu lly  p e r fo rm e d  us ing  K2C 0 3. T h e  Sonogash ira  c o u p lin g  re a c t io n  b e tw e e n  

m e th y l 4 - io d o s a lic y la te  a n d  4  gave rise  to  5, w h ich  w as t re a te d  b y  sa tu ra te d  KOH  to  

h y d ro ly z e  th e  e s te r  g roup  a n d  p ro d u ce  F2 in 87%  y ie ld  (2 steps).

— SlMea
McaSi —  H j f j T V 7

pl?2pp^k:Aul-?>h3 ►ร/C"H”  1THf '  TEA, 60 °c, 5 h Me3Si 3

P d a 2(PPh3)2 , Cu l, PPh3 
THF, TEA. 60 °c, 5 h
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Figure 3.2 !H -N M R  (400 M H z) o f  3 and  4 in C D C l3.

Figure 3.2 sh o w s !H -N M R  o f  3 an d  4 in CDCI3. T h e  sp e c tru m  o f  3 in d ic a te s  a 

s u c c e s s fu l c o u p lin g  re a c t io n  as th e  s igna l o f  t r im e th y ls ily la c e ty le n e  w as o b se rv e d . T h e  

a b s e n c e  o f  th is  t r im e th y ls ily la c e ty le n e  s igna l a t 0 .28 p p m  an d  th e  p re s e n c e  o f  te rm in a l 

a lk y n e  p e a k  a t 3.16 p p m  in d ic a te  a su c c e s s fu l h y d ro ly s is  o f  4. T h e  'H -N M R  sp e c tra  o f  

5 in  CDCI3 an d  F2 in D M S O -d 6 a re sh o w n  in  Figure 3.3. T h e  sp e c tra  o f  5 d is p la y  th e  

s igna ls  o f  f lu o r in e  fra g m e n t (a-k) a n d  s a lic y la te  g roup  (l-p). T h e  h y d ro ly s is  o f  th e  m e th y l 

g roup  b y  sa tu ra te d  KO H  w as su c c e s s fu l as th e  s igna l o f  m e th o x y  g ro up  d isa p p e a re d .

31.5 11 Cl 10.5 :a.O '1-5 V J l a.5 n a  2.5 r  u  fc.5 * .li 5.5 ร.ท 4.5 4.{| i.5  3 Cl J.5 2.0 1.5 3.0 ท.5 c.a
tl (««” >

Figure 3.3  'H -N M R  (400 M H z) o f  5  in CD C I3 a n d  F2 in D M S 0 -d 6 .
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T h e  13C -N M R  sp e c tru m  o f  F 2  (F igure A.9, se e  a p p e n d ix )  in d ic a te s  th e  p re se n ce  

o f  tw o  a c e ty le n ic  c a rb o n s  re so n a te  a ro u n d  88-91 p p m , a n d  th e  rest o f  th e  c a rb o n s  

s igna ls  sh o w  th e  a lk y l a n d  a ro m a t ic  reg ion  a ro u n d  13 -31 a n d  110-172  p p m , 

re sp e c t iv e ly . Fu rth e rm o re , th e  a n a ly s is  b y  M ALD I-TO F m ass s p e c tro m e try  c o n f irm e d  

th e  s tru c tu ra l c o m p o s it io n  o f  F I  as a m ass o f  709 .67  w as  fo u n d  fo r  th is  c o m p o u n d  

w h o se  c a lc u la te d  e x a c t  m ass  is 710.36

T h e  f lu o re n o n e  fra gm e n t in  F3  w as p re p a re d  b y  a ir-o x id a t io n  re a c t io n  o f  2,7- 

d ib ro m o -9 F I- f lu o re n e  t o  o b ta in  6 in 97%  y ie ld . T h e  Sonogash ira  c o u p lin g  b e tw e e n  6 

a n d  t r im e th y ls ily la c e ty le n e  o b ta in e d  7, f o l lo w e d  b y  a b a s e -c a ta ly z e d  h y d ro ly s is  

a ffo rd e d  8  in m o d e ra te  y ie ld  o f  6 8 % (2 steps). A n o th e r  Sonogash ira  c o u p lin g  a n d  e s te r 

h y d ro ly s is  s e q u e n c e  p ro v id e d  F3  in 60%  y ie ld  (2 steps).

Scheme 3,3  S yn th e s is  o f  F3
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Figure 3.4 'H -N M R  (400 M H z) o f  6 7  a n d  8  in CD C I3.

T h e  *H-NMR sp e c tra  o f  6 7  an d  8  in CDCI3 are  sh o w n  in Figure 3.4. N M R  da ta  

o f  6  a re  s im ila r  t o  th a t  re p o r te d  in lite ra tu re  [15]. T h e  su c c e s s fu l s y n th e s is  o f  7  a n d  8 

w as e v id e n c e d  b y  th e  s igna l o f  t r im e th y ls ily la c e ty le n e  in 7 a n d  te rm in a l a lk y n e  in 8 . 

T h e  Su zu k i c o u p lin g  re a c t io n  b e tw e e n  f lu o re n o n e  a n d  m e th y l 4 - io d o s a lic y la te  w as 

su c c e s s fu l re su lt in g  in b o th  f lu o re n o n e  a n d  sa lic y la te  peaks  in th e  ‘ H -N M R  sp e c tra  o f  

9. T h e  p e a k  o f  m e th o x y  g roup  a t 3 .90 p p m  is a b s e n t  in d ica te in g  a c o m p le te  b a se - 

c a ta ly z e d  h y d ro ly s is  re a c t io n  to  a ffo rd  F3 (Figure 3.5).
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Figure 3.5 *H-NMR (400 M H z) o f  3d an d  F3 in D M S O -d 6
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T h e  13C -N M R  sp e c tru m  o f  F3 (F igure A.15, se e  a pp e n d ix )  a ls o  in d ica te s  th e  

p re s e n c e  o f  t h e  k e to n e  a n d  c a rb o x y lic  a c id  c a rb o n y l g roups a t 191.3 a n d  170.5 p p m , 

re sp e c t iv e ly . T w o  a c e ty le n ic  c a rb o n s  re so n a te  a ro u n d  88-91 p p m , a n d  th e  re st o f  th e  

c a rb o n s  sh o w  s igna ls in th e  a ro m a t ic  reg ion .

เท a d d it io n , th e  a n a ly s is  b y  h ig h - re so lu t io n  m ass  sp e c tro m e try  c o n f irm e d  th e  

s tru c tu ra l c o m p o s it io n  o f  F3  as a m ass o f  499 .17  w as o b s e rv e d  fo r  th is  c o m p o u n d  

w h o se  c a lc u la te d  e x a c t  m a ss  is 500.09

เท an a t te m p t  to  p e rfo rm  a P d -c a ta ly z e d  c ro s s -co u p lin g  re a c t io n  o n  d ib ro m o  

d ic y a n o m e th y le n e  d e r iv a tiv e , a m o d e l c o m p o u n d  10 w h ich  w as p re p a re d  in 79%  y ie ld  

fro m  6  a n d  ทาa lo n o n it r i le  w as tre a te d  w ith  b o ro n a te  e s te r  1 u n d e r  b a s ic  s o lu t io n  on  

K2CO3. Th is  S u zu k i c o u p lin g  re a c t io n  w as n o t  su c c e s s fu l b e ca u se  a c o m p e t in g  

h y d ro ly s is  o f  t h e  d ic y a n o m e th y le n e  g roup  to o k  p la c e . T h e re fo re , th e  la b i le  

d ic y a n o m e th y le n e  g roup  w as in s ta lle d  as th e  la s t  s te p  o f  th e  syn th e s is  o f  F4.

Scheme 3.4 P d -c a ta ly z e d  c ro s s -co u p lin g  re a c t io n  o n  d ib ro m o  d ic y a n o m e th y le n e  

d e r iv a t iv e

T h e  re a c t io n  b e tw e e n  F3 a n d  m a lo n o n it r ile  in D M SO  a t 110 °c fo r  5 h 

p ro d u c e d  d ic y a n o m e th y le n e  F4 in 61%  y ie ld  a fte r p re c ip ita t io n  in re a c t io n  m e d iu m .

Scheme 3.5 S yn th e s is  o f  F4

A  c o m p a r is o n  b e tw e e n  th e  ^ -N M R  o f  F3 an d  F4 in D M S O -d 6 a re  sh o w n  in 

F igu re  3.6. S in ce  d ic y a n o m e th y le n e  is a s tron ge r e le c tro n -w ith d ra w in g  g ro up  th a n  th e  

k e to n e  g roup , th e  su b s t itu t io n  o f  d ic y a n o m e th y le n e  a t th e  9 -p o s it io n  s h o u ld  re su lt  in 

d o w n f ie ld  sh ifts  o f  th e  ^ -N M R  s igna ls (Figure 3.6). F u rth e rm o re , th e  13C -N M R  in F igure 

A. 17 (see  a pp e n d ix )  a ls o  v e r ify  th e  su c c e s s fu l t ra n s fo rm a tio n  fro m  F3 t o  F4 as tw o  

a d d it io n a l c a rb o n  s igna ls a t 158.3 a n d  78.4 p p m  fro m  th e  d ic y a n o m e th y le n e  u n it 

em e rg e , w h e re a s  th e  k e to n e  p e a k  a t 191 p p m  d isappea rs .
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F u rth e rm o re , th e  a n a ly s is  b y  M ALD I-TO F m ass s p e c tro m e try  c o n f irm e d  th e  

s t ru c tu ra l c o m p o s it io n  o f  F4 as a m ass 550 .26  o f  w as fo u n d  fo r  th is  c o m p o u n d  w h o se  

c a lc u la te d  e x a c t  m ass  is 548.10
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Figure 3.6 ^ -N M R  (400 M H z) o f  F3 an d  F4 in D M S O -d 6

3.2 P h o to p h y s ic a l p ro p e rt ie s

T h e  p h o to p h y s ic a l p ro p e rt ie s  o f  th e  fo u r  f lu o ro p h o re s  (F1-F4) in 

b u ffe r  s a lin e  (PBS) pH  8.0 are  sh o w n  in Table 1 an d  Figure 3.7.

Table 3.1 P h o to p h y s ic a l p ro p e rt ie s  o f  F1-F4 in PBS (10 m M , pH  8.0).

p h o sp h a te

C m p d .
A b so rp t io n Em iss ion

Aab (ททา) Log  £ Aem (nm ) 0 ( % f

FI 323 4.60 430 2.7 107

F2 330 4.55 420 4.4 90

304 4.59
F3 - -

354 4.46

323 4.29
F4 - -

378 3.96

'Q u in in e  su lfa te  in 0.1 M  H2SO4 (0 = 0.54) w as u sed  as th e  s tand a rd .
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Figure 3.7 N o rm a liz e d  a b so rp t io n  o f  F1-F4 an d  e m is s io n  sp e c tra  o f  F1-F2 in 10 m M  

p h o sp h a te  bu ffe r s a lin e  pH  8.0

F ro m  Figure 3.7, FI an d  F2 sh o w  s im ila r  p h o to p h y s ic a l p ro p e rt ie s  w ith  th e  

m a x im u m  a b so rp t io n  p e a k  a ro u n d  323-330  n m  and  m a x im u m  e m is s io n  p e a k  a ro u n d  

420 -430  nm . F ro m  th e  na rrow e r S to ke s  sh ift in F2 c o m p a re d  to  FI, it c o u ld  b e  ju s t if ie d  

th a t th e  p re se n ce  o f  e th y n y l g roups re su lte d  in th e  e x c ite d  s ta te  w ith  a re la t iv e ly  

s im ila r  g e o m e try  as in th e  g round  sta te . W ith o u t  th e  e th y n y l g roup , th e  p i-s y s te m s  o f  

th e  sa lic y la te  a n d  th e  f lu o re n e  g roups in FI m a y  n o t  b e  c o m p le te ly  o v e r la p p e d  d u e  

to  s te r ic  h in d ran ce . U p o n  e x c ita t io n  b y  rad ia tio n , th e  e x c ite d  s ta te  o f  FI m a y  h a ve  a 

d if fe re n t  g e o m e try  su ch  as th o se  w ith  th e  tw o  p h o to  a c t iv e  un its  on  th e  sam e  p la n e  

w ith  fu l l  c o n ju g a t io n  (Figure 3.8).

Ground state geometry Excited state geometry

Figure 3.8 P ro p o se d  g e o m e try  ch ang e  in FI

Fo r a b so rp t io n  sp e c tru m  o f  F3, th e re  are peaks  a t 304 a n d  354  n m  w h ich  

c o rre s p o n d e d  to  th e  ch a ra c te r is t ic  p eaks  fo r  s a lic y lic  a c id  and  f lu o re n o n e , re sp e c t iv e ly . 

T h is  is a ls o  th e  ca se  fo r  th is  a b so rp t io n  sp e c tru m  o f  F4 w h ich  e xh ib its  to  d is t in c t  peaks
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a t 323  an d  378  ททา, a lb e it  in a m o re  c o m b in e d  m an ne r. T h e se  d a ta  suggested  th a t  

th e re  a re  m o re  e le c t ro n ic  c o m m u n ic a t io n  b e tw e e n  th e  f lu o re n e  a n d  e th y n y ls a lic y la te  

in F4 as c o m p a re d  to  F3. T h e  f lu o re s c e n c e  a n a ly s is  re v e a le d  th a t  b o th  F3 and  F4 are  

n o n -e m is s iv e  m a te r ia ls , w h ich  m a y  c a u se  b y  se ve ra l fa c to rs  su ch  as th e  n-7t PET  fro m  

f lu o re n o n e  pa rt in F3 [18] and  th e  ICT e ffe c t  o n  th e  s a lic y la te  a n d  th e  

d ic y a n o m e th y le n e  f lu o re n e  in F4 (Figure3.9) [19, 20],

Figure 3.9 P ro p o se d  cha rge  tran fe rs  m e ch n ism  o f  F4 

3.3 M e ta l ion  se n so r

T o  in ve s t ig a te  th e  s e le c t iv ity  to w a rd s  m e ta l ions, th e  f lu o re s c e n c e  re sp o n se s  

o f  FI an d  F2 (10 p M  in pH  8.0 PBS) in th e  p re s e n ce  o f  va rio u s  m e ta l ion s (100 pM ) 

w e re  o b se rv e d . D ata fro m  Figure 3.10 an d  3.11 suggested  th a t FI sh o w e d  n o  p a rt ic u la r  

s e le c t iv ity  to w a rd s  a n y  o f  th e  17 m e ta l ions, in c lu d in g  C u 2+, F e 2+, P b 2+, Hg2+, F e 3+, Hg+, 

Z n 2+, C r3+, C o 2+, N i2+, M n 2+, Ag+, A l3+, N a+, A u 3+, C d 2+ an d  C a2+.

------ FI

Figure 3.10 F lu o re s c e n ce  sp e c tra  o f  FI (10 pM ) in th e  p re s e n ce  o f  17 m e ta l io n s  (100 

pM ) in PBS (10 m M , pH  8.0)
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Figure 3.11 F lu o re s c e n ce  q u e n ch in g  o f  FI and  (10 pM ) b y  va r io u s  m e ta l ion s  (100 

|jM ) in PBS (10 m M , pH  8.0)

H o w eve r, th e  f lu o re s c e n c e  s igna l o f  F2 can  b e  s e le c t iv e ly  q u e n c h e d  b y  th e  

a d d it io n  o f  C u 2+ and  F e 2+ ions, w ith  a s lig h t ly  h ighe r se n s it iv ity  fo r  F e 2+ (Figure 3.12 and

3.13). Th is  s e le c t iv ity  m a y  re su lt  fro m  th e  p re fe rre d  c o m p le x a t io n  to w a rd s  th o s e  tw o  

ions. [13].

1000

W a v e l e n g t h  ( n m )

Figure 3.12 F lu o re s c e n ce  sp e c tra  o f  F2 (10 pM ) in th e  p re se n ce  o f  17 m e ta l ion sdO O  

pM ). in PBS (10 m M , pH  8.0)
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Figure 3 .13  F lu o re s c e n ce  q u e n ch in g  o f  F2 a n d  (10 pM ) b y  va r io u s  m e ta l ion s  (100 

(JM) in PBS (10 m M , pH  8.0)

T h e  S te rn -V o lm e r  p lo ts  b e tw e e n  lc/1 o f  F2 w ith  c o n c e n tra t io n  o f  C u 2+ an d  F e 2+ 

are  s h o w e d  in F igu re  3.11. T h e  S te rn -V o lm e r  c o n s ta n ts  (Ksv) w h ich  a re  d e te rm in e d  fro m  

s lo p e s  in d ic a te d  th a t  th e  q u e n ch in g  e ff ic ie n c ie s  a re  2 .1 4 x l0 6 a n d  6 .31x10s M ^ fo r  C u 2+ 

a n d  F e 2+, re s p e c t iv e ly  (Figure 3.14).

4 6

3.5 y = 2.1393X + 1 1 5 y = 6.309X + 1

3 R2 = 0.9544 R2 = 0.9733

2.5
X - * '

4
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1.5 

1

, 4 ' * ' * '

O
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1* ' '

0.5 1

0 0

C o n c e n tra t io n  o f  C u(ll) (u M ) C o n c e n tra t io n  o f  Fe(il) (u M )

Figure 3 .1 4  T h e  S te rn -V o lm e r  p lo ts  o f  f lu o re s c e n c e  q u e n ch in g  o f  F2 (1 pM ) b y  

C u 2+(le ft) a n d  F e 2+(right)

3 .4 S u rfa c ta n t e n h a n c e m e n t

P re v io u s  lite ra tu re s  [11, 13] h a v e  re p o r te d  th e  a d d it io n  o f  su rfa c ta n t can  

e n h a n c e  th e  f lu o re s c e n c e  s ign a l o f  th is  c la s s  o f  c o m p o u n d s . เท th is  w o rk , th e  c a t io n ic  

(CTAB a n d  DTAB), a n io n ic  (SDS an d  SDC), a n d  n o n - io n ic  (T riton  X -100 , B r ij-58  an d  

T w ee n -2 0 ) w e re  s e le c te d  fo r  th e  s tud y . T h e  f lu o re s c e n c e  re sp o n se s  o f  F2 in th e  

p re s e n c e  o f  v a r io u s  su rfa c tan ts  a re  sh o w n  in Figure 3 .15  a n d  Figure 3.16. It w as fo u n d
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th a t  th e  in it ia l f lu o re s c e n c e  in te n s ity  c o u ld  b e  e n h a n c e d  th e  m o s t  b y  th e  n o n - io n ic  

su rfa c tan ts , w h ile  th e  e ffe c ts  o f  b o th  c a t io n ic  and  a n io n ic  su rfa c ta n ts  w e re  n o t  

p ro m in e n t. It s h o u ld  b e  n o te d  th a t  th e  c o n c e n tra t io n s  o f  a l l  su rfa c ta n ts  u sed  in th is  

se t o f  e x p e r im e n ts  w e re  b e lo w  th e  c r it ic a l m ic e l le  c o n c e n tra t io n  (CM C) o f  e a ch  

su rfa c tan ts . T h e re fo re , th e  s igna l e n h a n c e m e n t  m a y  n o t b e  d u e  to  th e  m ic e lla r  e ffe c t  

b u t  it c o u ld  re su lt  fro m  th e  o v e ra ll p o la r ity  ch an g e  o f  th e  m e d iu m  c a u se d  b y  th e  

su rfa c tan ts  w h ich  fa c il ita te  th e  deagg rega tion  o f  th e  f lu o rp h o re .

1200
------- F2

1000  ________1.------- Tween-20

Figure 3.15 F lu o re s c e n ce  sp e c tru m  o f  F2 (10 pM ) to w a rd s  va r io u s  su rfa c ta n t (40 pM )

9

Figure 3.16 E n h a n c e m e n t  e ff ic ie n t  o f  va r io u s  su rfa c ta n ts  w ith  F2

Next, th is  g roup  o f  su rfa c tan ts  w as in c o rp o ra te d  in to  th e  sens ing  sy s tem  and  

th e  q u en ch in g  e ff ic ie n c ie s  Oo/I) o f  F2 b y  C u 2+ w e re  m e a su re d  (Figure 3.17). O f a l l  n o n ­

io n ic  su rfa c tan ts , it is a p p a re n t  th a t  T r ito n  X -100  p ro v id e d  th e  h ighe st se n s it iv ity , 

H ow eve r, th e  e ffe c t  o f  th is  su rfa c ta n t on  se n s it iv ity  w as n o t  s ign ifican t as th e  lo/l v a lu e  

w as s im ila r  t o  th a t  o b ta in e d  fro m  th e  sy s tem  w ith o u t  su rfa c ta n t (Figure 3.18).
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Figure 3.17 E ffe c ts  o f  v a r io u s  su rfa c tan ts  o n  f lu o re s c e n t  s igna l o f  F2 an d  its 

re sp o n se s  to w a rd s  C u 2'

80

70

F2+Cu(ll) F2+Triton+Cu(ll) F2+Tween+Cu(ll) F2+SDS+Cu(ll) F2+DTAB+Cu(ll)

Figure 3.18 Q u e n ch in g  e ff ic ie n c ie s  o f  F2 w ith  C u +2 u n d e r v a r io u s  su rfa c tan ts

In te re sting ly , th e  a d d it io n  o f  T r ito n  X -100  c o u ld  im p ro v e  th e  s e le c t iv ity  o f  F2 
to w a rd s  C u 2+ o v e r  F e 2+. As sh o w n  in Figure 3.19, th e  u se  o f  T r ito n  X -100  a t 30 -40  pM  

c o u ld  e n r ich  th e  s e le c t iv ity  to w a rd s  C u 2+ o v e r  F e 2+ from  1.1 to  6.0. Th is s e le c t iv ity  

im p ro v e m e n t  m a y  c a u se  b y  th e  p re fe rre d  c o m p le x a t io n  b e tw e e n  th e  g ly c o l u n its  th a t 

is L ew is  b a se  in T r ito n  X -100  and  th e  m o re  Lew is  a c id ic  F e 2+ ion . T o  d e m o n s tra te  th a t 

th e  in c o rp o ra t io n  o f  th is  su rfa c ta n t w il l  n o t in te rfe re  w ith  th e  s e le c t iv ity  to w a rd s  o th e r  

m e ta l ions, a n o th e r  se rie s o f  e x p e r im e n t w e re  ca rr ied  o u t  (Figure 3.19 and  Figure3.20)
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C o n ce n tra t io n  o f T r iton  X-
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F ig u re  3 .19  Q u e n ch in g  e ff ic ie n c ie s  o f  F2  b y  C u 2+ an d  Fe  2+ u n d e r v a r io u s  c o n c e n tra t io n

o f  T r ito n  X -100

400

F ig u re  3 .20  F lu o re s c e n ce  s igna ls re sp o n se  o f  F2  w ith  T r ito n  X -100  to w a rd s  va r io u s  

m e ta l ion s
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60

Figure 3.21 Bar ch a rt  sh o w s f lu o re s c e n c e  q u e n ch in g  o f  F2 w ith  T r ito n  X -10 0  to w a rd s  

v a r io u s  m e ta l ion s

T h e  in te r fe re n c e  o f  o th e r  m e ta l io n s  o n  th e  sens ing  o f  C u 2+ b y  F2 w e re  a ls o  

in ve s t ig a ted . Figure 3.21 sh o w s th a t  o th e r  m e ta l io n s  c a n n o t  in te rfe re  th e  q u e n ch in g  

e f f ic ie n c y  o f  F2, e v e n  w h e n  th e  c o n c e n tra t io n  o f  fo re ig n  ion s  w as 10 -tim es h ighe r th a n  

th a t  o f  C u 2+. A  n e w  S te rn -V o lm e r  p lo t  o f  F2 w ith  C u 2+ u n d e r th e  c o n d it io n s  w ith  

su rfa c ta n t sh o w s  a q u e n ch in g  c o n s ta n t  (Ksv) o f  4 .0 8 x l0 6 M  1 w h ich  c o rre s p o n d s  t o  a 

d e te c t io n  lim it  a t th re e - t im e s -n o is e  o f  1.47 p p b  (Figure 3.22)
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1.4
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F2 lO u m  Cu(l!) IO O u M  o t h e r  m e ta l lO O O u M

Figure 3.22 F lu o re s c e n ce  in te n s ity  ra tio  o f  F2 ( I q - I / I o - I m )  in p re s e n c e  C u 2+ a n d  a n o th e r

V = 4.0803X + 1 
R2 = 0.9832

๏

1 l . s  2 2.5 3 3.ร 4 4.5

C o n c e n tr a t io n  o f  C u(ll) (u M )

Figure 3.23 S te rn -V o lm e r  p lo t  o f  f lu o re s c e n c e  q u e n ch in g  o f  F2 w ith  T r ito n  X -10 0  b y  

C u 2+

3.5 In d ica tio n  o f  C u z+-F2  c o m p le x a t io n ;  an  EDTA te s t

T h e  c o m p le x a t io n  b e tw e e n  s a lic y la te  a n d  C u 2+ has b e e n  w e l l  e s ta b lis h e d  [10-

13]. เท o rd e r  t o  p ro v e  th e  f lu o re s c e n c e  q u e n ch in g  in o u r  sy s te m  w as  c a u se d  b y  th e  

c o m p le x a t io n  o f  th e  sa lic y la te  u n it in  F 2  w ith  C u 2+, a s o lu t io n  o f  d is o d iu m

m e ta l ion s
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e th y le n e d ia m in e te tra a c e t ic  a c id  (EDTA) w h ich  is a strong  c h e la to r  fo r  m a n y  t ra n s it io n  

m e ta l ion s  w as a d d e d . T h e  re c o v e ry  o f  f lu o re s c e n c e  in te n s ity  o f  F2 a fte r th e  a d d it io n  

is a g o o d  in d ic a to r  th a t  o u r sens ing  m e ch a n ism  in v o lv e s  a s ta tic  en e rg y  t ra n s fe r (Figure 
3.23).
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—  Figure 3.24 E ffe c t o f  ED TA  o n  re co ve ry  f lu o re s c e n c e  in te n s ity , inset: p h o to g e n ic  o f  F2

w ith  T r ito n  X -100  (left), p h o to g e n ic  o f  F2 w ith  T r ito n  X -100  a fte r C u 2+ w as a d d e d , and  

p h o to g e n ic  o f  a d d it io n  o f  EDTA.

3.6 P a p e r-b a se d  sen so r

T o  d e m o n s tra te  a s im p le  a n a ly t ic a l te c h n iq u e  fo r C u 2+ using F2 [13, 21, 22], 1 

p L  o f  C u 2+ so lu t io n s  a t va r io u s  c o n c e n tra t io n  (20-500  pM ) w e re  d ro p p e d  o n to  a p ie c e  

o f  f i lte r  p a p e r y ie ld in g  sp o ts  o f  C u 2+ a t 20 -500  p m o l,  re sp e c t iv e ly . A fte r  th e  sp o ts  w e re  

a l lo w e d  to  d ry  a t a m b ie n t  te m p e ra tu re , so lu t io n s  o f  F2 in TH F  at c o n c e n tra t io n  

b e tw e e n  25 -100  p M  w e re  d ro p p e d  o n to  th e  sam e  po s it io n s . Figure 3.24 (top) sh ow s 

th a t  F2 can  b e  u sed  as a n a k e d -e y e  se n so r  fo r  C u 2+ o f  40  p m o l w h e n  th e  c o n c e n tra t io n  

o f  F2 is 0 .250 p M  (co rre sp o n d  to  0 .250 nm o l). H ow eve r, th is  so lid -s ta te  d e te c to r  c a n n o t  

b e  a p p lie d  u n d e r a su rfa c ta n t e n v iro n m e n t, th e re fo re , a s im ila r  s e le c t iv ity  to w a rd s  F e 2+ 

w as a ls o  o b s e rv e d  (Figure 3.24 (bottom)).

ft+Triton X- F2+Tr:ton X- r / f  TritorfT

100 +Cu(il > 100 +Cu(l!)

Control Cu(ll) 100 500
Concentration of EDTA (uM)

1000
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0.500 m ■ ■
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F ig u re  3 .25  P h o to g e n ic  o f  F2  u se  as p a p e r-b a se d  se n so r fo r  d e te c t io n  C u 2+ (top) a n d  

F22+ (bo ttom ).
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