
CHAPTER II

EXPERIMENTAL

2.1 Chemicals and materials

All reagents were purchased from Sigma-Aldrich. Metal ions were prepared 
from their commercially available inorganic salts purchased from Sigma-Aldrich. For 
most reactions, solvents such as methylene chloride (CH2Cl2) and methanol (MeOH) 
were reagent grade stored over molecular sieves. เท anhydrous reactions, solvents such 
as THF and TEA were dried before use according to the standard procedures. Solvents 
used for extraction and chromatography such as CH2Cl2, hexane, ethyl acetate (EtOAc) 
and MeOH were commercial grade. Column chromatography was operated using Merck 
silica gel 60 (70-230 mesh). Thin layer chromatography (TLC) was performed on silica 
gel plates (Merck F245). The most reactions were carried out under positive pressure of 
N2 filled in rubber balloons.

2.2 Analytical instruments

Mass spectra were recorded on a Microflex MALDI-TOF mass spectrometer 
(Bruker Daltonics) using dithanol as a matrix. 'H- and 13C-NMR spectra were acquired 
from sample solution in CDCI3 and DMSO-d6 on Varian Mercury NMR spectrometer 
(Varian, USA) at 400 MHz and 100 MHz, respectively. The UV-visible absorption spectra 
were obtained from a Varian Cary 50 UV-Vis spectrophotometer (Varian, USA) and the 
fluorescence emission spectra were recorded on a Varian Cary Eclipse 
spectrofluorometer (Varian, USA).
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2.3 Synthesis

2.3.1 Preparation of methyl 4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2- 

yOsalicylate (1)

70 c, 24 h

A mixture of methyl 4-iodosalicylate (0.50 §1 1.8 mmol), bis(pinacolato)diboron 
(0.69 g, 2.7 mmol), Pd(dppf)Cl2 (66 mg, 0.09 mmol) and KOAc (0.71 g, 7.2 mmol) was 

dissolved in THF (5 ทาน. The reaction mixture was heated up to 70 ๐c for 18 h. The 
mixture was extracted with CH2Cl2 (2 X  20 mL). The combined organic phase was 
washed with water (2 X  25 m L) and dried over anhydrous Na2S04. The solvent was 
evaporated and the residue was eluted through a silica gel column by solvents 
hexane/CH2Cl2 (4/1 v/v) as an eluent to afford methyl 4-(4,4,5,5-tetramethyl-l,3,2- 
dioxaborolan-2-yl)salicyate as a white solid. (0.311 g, 62% yield). NMR (400 MHz, 
CDCl3) 5 10,61 (ร, 1H), 7.81 (d 1/  = 7.9 Hz, 1H), 7.41 (ร, 1H), 7.27 (d , J= 7.9 Hz, 1H), 3.96 
(d, J  = 12.0 Hz, 3H), 1.35 (d, J = 10.1 Hz, 12H). The data were agreed with those reported 
in literature [14].

2.3.2 Preparation of FI

Sat KOH

MeOH, THF 
70 °c , 24 hr

A mixture of 1 (0.21 g, 0.76 mmol), 2,7-dibromo-9,9-dioctyl-9H-fluorene ( 0.20 
g, 0.34 mmol), Pd(dppf)Cl2 (13 mg, 0.02 mmol) dissolved in THF (5 m L). A solution of
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K2C03 (2.0 M) was added and mixture was heated up to 70 °c for 24 h. The mixture 
was extracted with CH2Cl2 (2 X  20 mL). The combined organic phase was washed with 
water (2 X  25 mL) and dried over anhydrous Na2รO4. The solvent was evaporated and 
the crude product was purified by a silica column chromatography using hexane : 
EtOAc (20:1) as an eluent to afford 2 as a white sotid. *H NMR (400 MHz, CDCI3) 5 10.85 
(ร, 1H), 7.92 (d, J = 8.3 Hz, 1H), 7.79 (d, J = 7.8 Hz, 1H), 7.62 (d, J = 7.9 Hz, 1H), 7.59 (ร, 
1H), 7.30 (ร, 1H), 7.21 (d, J = 8.3 Hz, 1H), 3.99 (ร, 3H), 2.03 (d, J = 12.3 Hz, 2H), 1.29 -  
0.96 (m, 12H), 0.78 (t, J = 7.0 Hz, 3H). A mixture of 2 (0.15 g, 0.22 mmol) in THF (2 mL) 
and MeOH (2 mL) was added with saturated KOH aqueous solution (0.1 mL) and the 
mixture was heated to 70 ๐c. After 24 h the solution was evaporated and the residue 
was dissolved in water (20 mL). The aqueous layer was acidified by addition of 6N HCl 
and centrifuged. The precipitates were washed with water until neutral to afford FI as 
a yellow solid in 50% overall yield. *H NMR (400 MHz, DMSO-c/6) 6 7.93 (d, J = 7.9 Hz, 
1H), 7.87 (d, J = 8.7 Hz, 1H), 7.83 (ร, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.34 (ร, 1H), 7.33 (d, J 
= 4.2 Hz, 1H), 2.10 (d, J = 8.1 Hz, 2H), 1.25 -  0.92 (m, 12H), 0.71 (t, J = 6.9 Hz, 3H). 13c 
NMR (100 MHz, DMSO-d6): 5 (ppm) 172.8, 161.5, 151.6, 147.4, 140.5, 137.8, 130.8, 126.0, 
121.4, 120.6, 117.8, 114.7, 111.7, 55.2, 39.5, 31.0, 29.0, 28.34, 28.29, 23.2, 21.9, 13.78. 
MALDI-TOF ทา/z calcd for C43H50O6, 662.361; found, 661.596.

2.3.3 Preparation of 2,7-diethynyl-9,9-dioctyl-9H-fluorene (4)

A mixture of 2,7-dibromo-9,9-dioctyl-9H-fluorene (1.00 g, 1.8 mmol), 
PdCl2(PPh3)2 (0.26 g, 0.36 mmol), Cul (0.13 g, 0.73 mmol), PPh3 (0.19 g, 0.73 mmol) was 
dissolved in THF (10 mL) and TEA (20mL). Trimethylsilylacetylene (0.45 g, 4.6 mmol) 

was added and the mixture was stirred at 60 ๐c for 5 h. The reaction mixture was 
extracted with CH2Cl2 (2 X  20 mL). The combined organic phase was washed with water 
(2 X  25 mL) and dried over anhydrous Na25O4. The solvent was evaporated and the 
crude product was purified by a silica column chromatography using hexane as an 
eluent to afford 3 as a yellow oil. *H NMR (400 MHz, CDCI3) 5 7.59 (d, J = 7.8 Hz, 1H),
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7.45 (d, J = 7.8 Hz, 1H), 7.41 (ร, 1H), 2.04 -  1.74 (m, 2H), 1.38 -  0.64 (m, 15H), 0.28 (ร, 
9H). A mixture of 3 (0.89 g, 1.53 mmol) and K2C03 (43 mg, 0.31 mmol) in CH2Cl2 (10 
mL) and MeOH (10 mL) was stirred at room temperature for 24 h. The reaction mixture 
was extracted with CH2Cl2 (2 X 50 mL). The organic phase was washed with water (20 
X 2 mL) and dried over anhydrous Na2S04. The solvent was evaporated and the residue 
was eluted through a silica gel column chromatography using hexane/CH2Cl2 (4/1 v/v) 
as an eluent to afford 4 as a yellow oil in 77% overall yield, 'h NMR (400 MHz, CDCl3) 
8 7.59 (d, J = 7.8 Hz, 1H), 7.45 (d, J = 7.8 Hz, 1H), 7.41 (ร, 1H), 1.92 (d, J = 7.1 Hz, 1H), 
1.29 -  0.94 (m, 12H), 0.82 (t, J = 7.1 Hz, 3H), 0.28 (ร, 9H).

2.3.4 Preparation of F2

A mixture of 4 (0.20 g, 0.46 mmol), PdCl2(PPh3)2 (64 mg, 0.09 mmol), Cul (35 mg, 
0.18 mmol), PPh3 (48 mg, 0.18 mmol) and methyl 4-iodosalicylate (0.28 g, 1.0 mmol) 

in THF (10 mL) and TEA (10 mL) was added and the mixture was stirred at 60 °c for 5 
h. The reaction mixture was extracted with CH2Cl2 (2 X  20 mL). The combined organic 
phase was washed with water (2 X  25 mL) and dried over anhydrous Na2S04. The 
solvent was evaporated and the crude product was purified by a silica gel column 
chromatography using hexane as an eluent to yield 5 as a yellow oil. 'H NMR (400 
MHz, CDCl3) 5 10.81 (ร, 1H), 7.83 (d, J = 8.2 Hz, 1H), 7.68 (d, J = 7.3 Hz, 1H), 7.54 (d, J =
9.1 Hz, 1H), 7.53 (ร, 1H), 7.18 (ร, 1H), 7.07 (d, J = 9.1 Hz, 1H), 3.96 (ร, 3H), 1.98 (d, 2H), 
1.31 -  0.98 (m, 12H), 0.83 (t, J = 6.9 Hz, 3H). A mixture of 5 (0.20 g, 0.27 mmol) in THF 
(10 mL) was added with saturated KOH aqueous solution (0.3 mL) and the mixture was 

heated to 70 °c. After 24 h the solution was evaporated and the residue was dissolved 
in water (20 mL). The aqueous layer was acidified by addition of 6N HCl and 
centrifuged. The precipitates were washed by water until neutral to afford F2 as a light 
yellow solid in 62% overall yield. *H NMR (400 MHz, DMSO-๘6) 8 7.91 (d, J = 8.0 Hz, 
1H), 7.82 (d, J = 7.6 Hz, 1H), 7.70 (ร, 1H), 7.58 (d, J = 7.6 Hz, 1H), 7.13 (ร, 1H), 7.11 (d, J
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= 12.7 Hz, 1H), 2 .00 (d, 2H), 1.19 -  0.86 (ทา, 12H), 0 .74 (t, J = 6.8  H z, 3H). 13c N M R  (100 

M H z, D M SO -d6): ร  (ppm ) 171.2, 160.8, 151.0, 140.78, 131.0, 130.7, 129.1, 126.1, 122.1, 

120.8, 120.7, 119.3, 113.3, 93.0, 88.9, 55.1, 39.5, 31.1, 29.0, 28 .41, 28 .39 23.2, 22.0, 13.8. 

M ALD I-TO F m /z c a lc d  fo r  C47H5o06, 710.361; fo u n d , 709.670.

2.3.5 P re p a ra t io n  o f  2 ,7 -d ib ro m o -9 H -f lu o re n -9 -o n e  (6)

r f \ _ / ~ Br  k o h
R r B r

THF ๐2,  
rt, 5 h

2 ,7 -d ib ro m o f lu o re n e  (3.00 g, 9.3 m m o l)  a n d  KOH  (0.52 g, 9.3 m m o l)  w as 

d is s o lv e d  in TH F  (30 m L). T h e  m ix tu re  w as u n d e r  o xygen  a tm o sp h e re  a n d  s t ir red  a t 

ro o m  te m p e ra tu re  fo r  5 h. T h e  re a c t io n  w as f i lte re d  t o  r e m o v e  KOH  an d  th e  f ilt ra te  

w as c o n c e n tra te d  to  o b ta in  th e  c ru d e  p ro d u c t. T h e  c ru d e  p ro d u c t  w as w a sh e d  w ith  

w a te r  (3 X 20 m L) a n d  d r ie d  to  o b ta in e d  y e l lo w  s o lid  (3 .3 g, 97%  y ie ld )  *H N M R  (400 

M H z, C D C l3) 5  7.77 (ร, J  = 1.3 Hz, 1H), 7 .63 (d, J = 7.9, 1.7 Hz, 1H), 7.39 (d, J = 7.9 Hz, 

1H). T h e  d a ta  w e re  ag reed  w ith  th o s e  re p o r te d  in lite ra tu re  [15].

2.3.6 P re p a ra t io n  o f  2 ,7 -d ie th y n y l-9 ,9 -d io c ty l-9 H -f lu o re n e  (8 )

0 .30  m m o l) , P P h 3 (80 mg, 0 .30  m m o l)  a n d  t r im e th y ls ily la c e ty le n e  (0.36 g, 3.7 m m o l)  

in  TH F  (15 m L) a n d  TEA  (20 m L) w as  a d d e d  a n d  th e  m ix tu re  w as s t ir re d  a t 60  °c fo r  5 

h. T h e  re a c t io n  m ix tu re  w as e x tra c te d  w ith  C H 2CI2 (2 X  20 m L). T h e  c o m b in e d  o rgan ic  

p h a se  w as w a sh e d  w ith  w a te r  (2 X  25 m L ) a n d  d r ie d  o v e r  a n h y d ro u s  N a 2S 0 4. T h e  

s o lv e n t  w as  e v a p o ra te d  a n d  th e  c ru d e  p ro d u c t  w as p u rif ie d  b y  s ilic a  c o lu m n  

ch ro m a to g ra p h y  us ing  h e x a n e  as an  e lu e n t  to  a ffo rd  7  as a y e l lo w  so lid . *H N M R  (400 

M H z, CD C I3) Ô 7.73 (ร, 1H), 7 .59 (d, J  = 7.7 Hz, 1H), 7.45 (d 1/ =  7.7 Hz, 1H), 0 .26 (ร, 9H). 

A  m ix tu re  o f  7  (0.44 g, 1.2 m m o l)  a n d  K2C O 3 (0.68 g, 4.9 m m o l)  in T H F  (10 m L) and  

M e O H  (25 m L) w as s t irred  a t ro o m  te m p e ra tu re  fo r  24  h. T h e  o rgan ic  la y e r  w as 

se p a ra te d  a n d  th e  a q u e o u s  ph a se  w as  e x tra c te d  w ith  C H 2C l2 (2 x  50  m L) a n d  w a s  th e n
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d r ie d  o v e r  a n h y d ro u s  N a 2S 0 4. T h e  s o lv e n t  w as e v a p o ra te d  a n d  th e  re s id u e  w as e lu te d  

th ro u g h  a s ilic a  g e l c o lu m n  us ing  h e x a n e /C H 2C l2 (4/1 v /v ) as an  e lu e n t  t o  a ffo rd  8  as a 

y e l lo w  s o lid  in  6 8% o v e ra l l  y ie ld . ‘ H N M R  (400 M H z, C D C l3) 5  7.77 (ร, 1H), 7 .64  (d  1 J = 

8.0 Hz, 1H), 7.50 (d, J = 7.7 Hz, 1H), 3.19 (ร, 1H).

2.3.7 P re p a ra t io n  o f  F3

A  m ix tu re  o f  8  (0.20 g, 0 .88 m m o l) , P d C l2(PPh 3)2 (0.12 g, 0 .18 m m o l) , C u l (67 mg, 

0.35 m m o l) , P P h 3 (92 m g, 0.35 m m o l)  a n d  m e th y l 4 - io d o s a lic y la te  (0.73 g, 2.6 m m o l)  

in TH F  (15 m L) a n d  T E A  (5 m L) w as  a d d e d  a n d  th e  m ix tu re  w as  s t irred  a t  60  °c fo r  5 

h. T h e  re a c t io n  m ix tu re  w as e x tra c te d  w ith  C H 2C l2 (2 X  20 m L). T h e  c o m b in e d  o rgan ic  

p h a se  w as w a sh e d  w ith  w a te r  (2 X 25 m L) a n d  d r ie d  o v e r  a n h y d ro u s  N a 2S O 4. T h e  

s o lv e n t  w as e v a p o ra te d  a n d  th e  c ru d e  p ro d u c t  w as  pu rif ie d  b y  s ilica  c o lu m n  

ch ro m a to g ra p h y  us ing  h e x a n e  as an  e lu e n t  t o  a ffo rd  9 as y e l lo w  so lid . 'H  N M R  (C D C l3, 

400  MHz): ร  (ppm ) 10.61 (ร, 1H ), 7 .98 (d, J = 8.3 H z, 1H ), 7 .88  (d, J = 9.3 H z, 1 H), 7 .82  

(d, J  = 6.2 Hz, 1 H), 7.81 (ร, 1H), 7.19 (ร, 1 H), 7.15 (d, J  = 8.4 Hz, 1 H), 3.90 (ร, 3H ). T o  

m ix tu re  o f  9  (0.12 g, 0 .19  m m o l)  in TH F  (10 m L) w as  a d d e d  sa tu ra te d  KOH  a q u e o u s  

s o lu t io n  (0.2 m L) a n d  th e  m ix tu re  w as h e a te d  t o  70 ๐c . A fte r  24  h, th e  s o lu t io n  w as 

e v a p o ra te d  a n d  th e  re s id u e  w as d is s o lv e d  in w a te r  (20 m L). T h e  a q u e o u s  la y e r  w as 

a c id if ie d  b y  a d d it io n  o f  6 N H C l a n d  cen tr ifu g ed . T h e  p re c ip ita te s  w e re  w a sh e d  b y  w a te r  

t o  n e u tra l t o  a ffo rd  F3 as a b ro w n  s o lid  in 60%  o v e ra l l  y ie ld . JH N M R  (400 M H z, D M SO - 

d6) 5 7.93 (d, J = 7.8 Hz, 1H), 7.83 (d, J ะะะ 7.8, 1.3 Hz, 1H), 7.75 (ร, 1H), 7 .70 (d, J  = 7.8 

Hz, 1H), 6 .8 8  (ร, 1H), 6 .8 6  (d, J  = 7.9 Hz, 1H). 13c N M R  (100 M H z, D M S O -d 6 ): 8 (ppm ) 

171.2, 160.8, 151.0, 140.8, 131.0, 130.7, 129.1, 126.1, 122.1, 120.8, 120.7, 119.3, 113.3, 

93.0, 88.9. H RM 5 ทา/z  c a lc d  fo r  € 31H 160 7, 500.090; fo u n d , 499 .085
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2.3.8 P re p a ra t io n  o f  F4

C o m p o u n d  F3 ( 20  mg, 0 .0418 m m o l)  a n d  m a lo n o n it r ile  ( 2.8 mg, 0 .0418  m m o l)  

w e re  m ix e d  a n d  d is s o lv e d  in D M 5 0 . T h e  m ix tu re  w as s t irred  a n d  h e a te d  u p  t o  110 ๐c  

fo r  5 h. A fte r  c o o lin g  a n d  f ilte re d  th e  c ru d e  p ro d u c t  w as  w a sh e d  w ith  th e  s m a ll  a m o u n t  

o f  C H 3CN  to  a ffo rd  F4 as a d a rk  b ro w n  so lid  (14m g, 61%  y ie ld )  !H N M R  (400 M H z, D M  so­
dé ) 5 7 8 .32  (ร, 1H), 8 .04 (d, J  = 7.9 Hz, 1H), 7.88 (dd, J = 7.9, 1.1 Hz, 1H), 7 .77 (d, J ะ=
7.9 Hz, 1H), 7.07 -  6 .96 (m , 2H). 13c N M R  (100 M H z, DMSO-d<5): Ô (p pm ) 170.8, 161.8, 

158.3, 141.1, 138.1, 134.2, 130.5, 128.4, 126.9, 123.3, 122.5, 121.2, 119.3, 113.2, 90.9,

89.9, 78.4. M ALD I-TO F m/z c a lc d  fo r  C 34H i6N 20 6, 548.101; fo u n d , 550.263 .

2.4 P h o to p h y s ic a l p ro p e rty  s tu d y

T h e  s to c k  s o lu t io n s  o f  f lu o ro p h o re s  a t 1.0 m M  w e re  d i lu te d  t o  100 p M  using 

p h o sp h a te  bu ffe r s a lin e  (PBS, 10 m M , pH  8.0).

2.4.1 U V -V is ib le  s p e c tro s c o p y

T h e  s to c k  s o lu t io n s  o f  f lu o ro p h o re s  w e re  d i lu te d  to  20  P  M. T h e  U V -V is ib le  

a b s o rp t io n  sp e c tra  o f  th e  s to c k  s o lu t io n s  o f  f lu o ro p h o re s  w e re  re c o rd e d  f ro m  2 0 0  t o  

500  n m  at a m b ie n t  te m p e ra tu re .

2.4.2 F lu o re s c e n c e  s p e c tro s c o p y

T h e  s to c k  s o lu t io n s  o f  f lu o ro p h o re s  w e re  d i lu te d  t o  20  P  M. T h e  em is s io n  

sp e c tra  o f  f lu o ro p h o re s  w e re  re c o rd e d  fro m  310 to  700 n m  a t a m b ie n t  te m p e ra tu re  

us ing  an  e x c ita t io n  w a ve le n g th  a t 300  t o  330  nm , re sp e c t iv e ly .

2.4.3 F lu o re s c e n ce  q u a n tu m  y ie ld s

T h e  f lu o re s c e n c e  q u a n tu m  y ie ld  o f  f lu o ro p h o re s  w e re  p e r fo rm e d  in p h o sp h a te  

b u ffe r  s a lin e  (PBS, 10 m M ) pH  8.0 using q u in in e  su lp h a te  ( O p  = 0.54) in 0.1 M  H2SO4 as 

a re fe re n ce  [16] T h e  m a x im u m  a b so rb a n ce  o f  a l l  s a m p le s  s h o u ld  n o t  e x c e e d  0.1. T h e  

f lu o re s c e n c e  em is s io n  sp e c tra  o f  th e  sam e  so lu t io n s  using a p p ro p r ia te  e x c ita t io n  

w a ve le n g th s  s e le c te d  w e re  re c o rd e d  b a se d  o n  th e  a b so rp t io n  m a x im u m  w a ve le n g th  

(A-max) o f  e a ch  c o m p o u n d . G raph s o f  in te g ra te d  f lu o re s c e n c e  in te n s it ie s  w e re  p lo t t e d  

aga in s t th e  a b s o rb a n ce  a t th e  re sp e c t iv e  e x c ita t io n  w a ve le n g th s . E ach  p lo t  s h o u ld  b e  

lin e a r  w ith  a y - in te rc e p t io n  a t 1 a n d  g rad ien t m  [17]



17

เท a d d it io n , th e  f lu o re s c e n c e  q u a n tu m  y ie ld  (O p )  w as o b ta in e d  fro m  a p lo t  

b e tw e e n  in te g ra ted  f lu o re s c e n c e  in te n s ity  a n d  a b s o rb a n ce  as re p re s e n te d  in th e  

fo llo w in g  e q ua tio n :

X  = *1*s r
 ̂G ra d   ̂

V G ra d ST J

(  2 ' 
Wx

K Hst ,

T h e  su b sc r ip ts  ® S T  d e n o te s  th e  f lu o re s c e n c e  q u a n tu m  y ie ld  o f  a s tand a rd  

re fe re n c e  w h ich  u sed  q u in in e  s u lp h a te  in 0.1 M  H 2SO 4 (® F = 0.54) a n d  O x  is th e  

f lu o re s c e n c e  q u a n tu m  y ie ld  o f  s a m p le  a n d  T| is th e  re fra c t iv e  in d e x  o f  th e  so lv e n t.

2.5 F lu o re s c e n t  s e n so r  s tu d y

2.5.1 M e ta l ion  se n so r

T h e  s to c k  s o lu t io n s  o f  f lu o rp h o re s  w ith  a c o n c e n tra t io n  o f  1 m M  in  p h o sp h a te  

b u ffe r  s a lin e  pH  8.0 w e re  p re p a re d . T h e  e m is s io n  sp e c tru m  o f  c o m p o u n d  w as re c o rd e d  

fro m  310 t o  700  nm  a t a m b ie n t  te m p e ra tu re  us ing  an  e x c ita t io n  w a v e le n g th  in th e  

range  o f  300 -340  nm . T h e  f lu o re s c e n t  re sp o n se s  w e re  m o n ito re d  in th e  p re s e n ce  o f  

17 m e ta l ion s, w ith  a n d  w ith o u t  su rfa c tan ts . M e ta l a ce ta te , su lp h a te , n itra te  and  

c h lo r id e  s o lu t io n s  w e re  p re p a re d  in M ill i-Q  w a te r. C o n c e n tra t io n s  o f  a l l  s to c k  m e ta l 

ion  s o lu t io n s  w e re  a d ju s te d  t o  1 m M  a n d  w e re  a d d e d  w ith  th e  d e s ire d  v o lu m e s  (0-500 

pL) t o  th e  f lu o ro p h o re  so lu t io n s . T h e  f in a l v o lu m e s  o f  th e  s a m p le s  w e re  a d ju s te d  to  

1.0 กกL.

2.5.2 S u rfa c ta n t e n h a n c e m e n t

T h e  s to c k  s o lu t io n  o f  c o m p o u n d  F2 w ith  a c o n c e n tra t io n  o f  10 p M  in 

p h o sp h a te  b u ffe r  s a lin e  pH  8.0 w as p re p a re d . T h e  e m is s io n  sp e c tru m  o f  F2 w as 

re c o rd e d  fro m  330  t o  600  n m  a t  a m b ie n t  te m p e ra tu re  using an  e x c ita t io n  w a v e le n g th  

a t 320  nm . T h e  p h o to p h y s ic a l p ro p e rt ie s  w e re  s tu d ie d  in th e  p re s e n c e  o f  th re e  ty p e s  

o f  su rfa c ta n ts  (an ion ic , c a t io n ic  a n d  n o n - io n ic  su rfac tan ts). T h e  s to c k  su rfa c ta n ts  w e re  

p re p a re d  in M ill i-Q  w a te r. C o n c e n tra t io n s  o f  a l l  s to c k  su rfa c tan ts  w e re  a d ju s te d  to  1 

m M  a n d  w e re  a d d e d  w ith  th e  d e s ire d  v o lu m e s  (0-100 pL ) t o  t h e  f lu o ro p h o re  so lu t io n s . 

T h e  f in a l v o lu m e s  o f  th e  sa m p le s  w e re  a d ju s te d  t o  1.0 m L .
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