
CHAPTER III

EXPERIMENTAL

3.1 G enera l p rocedures

3.1.1 A n a ly tica l m easurem ents  and m ateria ls

All materials and solvents chemicals were purchased from Aldrich, Fluka, 

Merck and TCi as standard analytical grade and were used w ithout further 

purification. Commercial grade solvents such as dichloromethane, hexane, methanol 

and ethyl acetate were purified by distillation prior to use. Anhydrous solvents such 

as dichloromethane was dried via distillation over CaH2 under nitrogen atmosphere. 

Column chromatography was carried out on silica gel (Kieselgel 60, 0.063-0.200 mm, 

Merck). Thin layer chromatography (TLC) was performed on silica gel plates (Kieselgel 

60, F254, 1 mm, Merk). Dimethyl sulfoxide as AR grade used in UV-visible and 

fluorescence measurement was used without drying.

*แ and 13c NMR spectra were recorded on a Varian Mercury Plus 400 and 

Bruker DRX 400 MFlz nuclear resonance spectrometer. All chemical shifts were given 

in part per million (ppm) using the residual proton or carbon signal in deuterated 

solvents as internal references. MALDI-TOF mass spectra were carried out on Bruker 

Daltonics MALDI-TOF using G-hydroxy cyanocinnamic acid (CCA) as matrix. Elemental 

analysis was carried out on CFINS/O analyzer by ignition combustion gas 

chromatography separated by frontal analysis and qualitative detected by thermal 

conductivity detector. Thin-layer chromatography (TLC) was performed on silica gel 

plates supplied by Merck (Kieselgel 60 F254, 1mm). Absorption spectra were 

measured by a Varian Cary 50 UV-vis spectrophotometer. Fluorescence spectra were
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performed on a Varian eclipse spectrofluorometer by personal computer data 

processing unit. The light source is Cary Eclipse a pulsed xenon lamp and a detector 

is a photom ultip lier tube.

3.2 E xpe rim en ta l p rocedu re

3.2.1 Synthesis o f  co u m a rin  based sensor

3.2.1.1 Preparation of 7-diethyiamino-2-oxo-2H-chromen-3-carboxyUc chloride 
(1 ). [89]

Into a 50 m l o f round-bottomed flask with a magnetic bar and condenser, 4- 

diethylaminosalicylaldehyde (0.38 g, 2 mmol), diethylmalonate (0.61g, 4 mmol) and 

piperidine (0.2 ml, 2 mmol) was dissolved in absolute ethanol. The reaction mixture 

was heated under reflux with stirring for 6 hrs. Then 10% NaOH was added in the 

portion. After that, the reaction mixture was stirred for 15 min at 80 ° c  and cooled 

to room temperature. Then acidification to pH 2 with HCl under ice bath gave 

precipitate which was collected by suction filtration. The percipitate was washed 

with water and recrystallized with ethanol to  obtain orange solid in 80% yield.

C haracte riza tion  da ta  fo r  1

' h -NMR (400 MHz, DMSO-dg) 5  (in ppm):

5  = 12.35 (ร, 1H), 8 .66  (ร, 1H), 7.45 (d, J = 4.0 Hz, 1H), 6.70 (m, 1H), 6.53 (ร,

1H), 3.48 (t, J  = 7.2 Hz, 4H), 1.59 (ร, 6 H).
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3.2.1.2 Preparation o f 3-(7-(diethyiam ino)-2-oxo-2H-chrom ene-3-carboxam ido)

phenylboronic acid (2) (Cum_B).

Compound 1 (0.19g, 0.72 mmol) was mixed with dry SOCl2 under N2 

atmoshere. After stirring for 3 hrs, the solution of 3-aminophenylboronic acid (0.1 g, 

0.72 mmol) in CH2Cl2 was transferred dropwise, using a canula, into dry compound 1. 

The reaction was stirred at room temperature for 24 hrs. The yellow  precipitate in 

76% yield was collected by suction filtration and washed with CH2Cl2.

C haracte riza tion  data  fo r  2

' h -NMR (400 MHz, DMSO-d 6) 5  (in ppm):

5  = 10.75 (m, 1H), 8.76 (ร, 1H), 8.09 (ร, 1H), 7.97 (m, 1H), 7.81 (d, J  = 4.0 Hz, 

1H), 7.72 (d, J = 8.0 Hz, 1H), 7.51 (t, J = 8.0 Hz, 1H), 7.32 (t, J = 8.0 Hz, 1H), 6.84 (m, 

1H), 6.67 (d, J = 4.0 Hz, 1H), 3.43 (t, J = 6.8  Hz, 4H), 1.14 (t, J = 7.2 Hz, 6 H).

13C-NMR (400 MHz, CDCl3) 5  (in ppm):

5  = 155.8, 137.4, 137.3, 132.4, 128.4, 127.8, 127.7, 127.4, 127.3, 121.7, 116.0, 

115.5, 77.3, 77.0, 76.6, 71.5, 71.4, 35.7, 28.4

MALDI-TOF mass: Anal. Calcd. for C20H21BN20 5 m/z = 380.15, found 380.37
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3.2.2 Synthesis o f  n a p h th a lim id e  based sensor

3.2.2.1 Preparation of N-tert-Butoxycarbonyl-3,4-dihydroxiphenylethylamine (3).
[90]

3

Into a 50 m l of two-neck bottom flask equipped with a magnetic bar and 

condenser, a solution o f dopamine hydrochloride (0.50 g, 2.60 mmol) was stirred for 

5 minutes in MeOH at room temperature under nitrogen atmosphere until 

homogeneous. A portion of triethanolamine (0.39 ml, 2.60 mmol) and te r t-butyl 

dicarbonate (0.62 g, 2.86 mmol) were added to the solution. The reaction mixture 

was stirred at room temperature for 30 minutes. The solvent was removed under 

vacuum. The crude reaction was dissolved in CH2Cl2 and washed with 3M HCl and 

brine. The organic layer was dried with sodium sulfate and concentrated by reduced 

pressure to  obtain a white solid 3 in 95% yield.

C haracte riza tion  da ta  fo r  3

’ h -NMR (400 MHz, DMSO-d6) 5  (in ppm):

5  = 8.72 (ร, 1H), 8.61 (ร, 1H), 6.79 (t, J = 5.2 Hz, 1H), 6.57 (t, J  = 8.0 Hz, 1H),

6.38 (d, J = 8 Hz, 1H), 2.99 (t, J  ะ 7.6 Hz, 2H), 2.46 (t, J = 7.2 Hz, 2H), 1.35 (ร, 9H).
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3.2.2.2 Preparation o f N -tert-Butoxycarbonyl-3,4-dibenzyloxyphenylethylam ine

(4). [9 0 ]

Compound 3 (0.49 §1 1.93 mmol) in 10 ml acetone was stirred at room 

temperature under nitrogen atmosphere until homogeneous. After 5 minutes, benzyl 

bromide (2.29 ml, 19.3 mmol) and K2C03 (2.67 g, 19.3 mmol) were added into the 

solution of compound 3. The bottom  flask was wrapped with aluminium foil and the 

reaction mixture was stirred for 16 hrs. The acetone solution was concentrated by a 

rotary evaporation. The crude product was purified by column chromatography on 

silica with 20% hexane/dichloromethane to obtain a white solid 4 in 85% yield.

C haracte riza tion  da ta  fo r  4

^-NM R (400 MHz, DMSO-d6) 5  (in ppm):

5  = 7.44-7.28 (m, 10H), 6.90 (q, J = 8.4, 2H), 6.67 (d, J = 8.0 Hz, 1H), 5.07 (d, J 

= 4.0 Hz, 4H), 3.07 (q, J = 4.0 Hz, 2H), 2.57 (t, J = 7.2 Hz, 2H), 1.34 (ร, 9H).
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3.2.23 Preparation o f 2-(3,4-Bis-benzyloxy-phenyU-ethytam ine (5). [90]

Compound 4 (0.30 §1 0.69 mmol) was added into 4N HCl/ dioxane. Then, the 

reaction mixture was stirred at room temperature for 30 minutes under nitrogen 

atmosphere. The solvent was removed under vacuum to obtain a white solid 5 give 

100% yield.

C haracte riza tion  data  fo r  5

' h -NMR (400 MHz, DMSO-cy 5  (in ppm):

5  = 7.44-7.33 (m, 10H), 6.98 (t, J = 4.0 Hz, 2H), 6.74 (d, J = 8.0 Hz, 1H), 5.09 (d,

J  = 8.0 Hz, 4H), 2.97 (m, 2H), 2.75 (t, J = 7.2 Hz, 2H).
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3.2.2A Preparation o f com pound 6.

Into a 50 m l two-neck bottom flask equipped with a magnetic bar and a 

Dean-Stark equipment to  remove water, the corresponding 4-bromo-l,8- 

naphthalenedicarboxylic acid anyhydride (0.46 g, 1.38 mmol), compound 5 (0.3 g,

1.38 m m ol ), molecular sieves, 10 mg of zinc acetate were stirred in 15 ml o f pyridine 

under nitrogen atmosphere. The reaction mixture was refluxed for 12 hrs. After that, 

pyridine was removed under reduced pressure and extracted with CH2Cl2. The 

organic layer was dried with NaS04 and evaporated by vacuum. The residue was 

purified by chromatography on silica gel using 95:5 ethyl acetate/ dichloromethane 

to give a light green- yellow solid (60% yield).

‘ h -NMR (400 MHz, DMSO-d 6) Ô (in ppm):

5  = 8.52 (m, 2H), 8.30-8.18 (dd, J = 8.0, Hz 2H), 7.97 (t, J  = 8.4 Hz, 1H), 7.34 

(m, 10H), 6.95 (d, 2H), 6.76 (d, 1H), 5.02 (d, J = 4.0 Hz, 4H), 4.18 (q, 7 = 1 2  Hz, 2H), 2.82 

(t, J = 7.6 Hz, 2H).

13C-NMR (400 MHz, CDCUj) 5  (in ppm):

5  = 140.2, 137.5, 137.3, 133.3, 132.0, 131.2, 131.1, 129.0, 128.4, 128.1, 127.7,

127.7, 127.4, 127.3, 121.9, 115.9, 115.5, 77.3, 77.0, 76.7, 71.5, 71.3, 41.9, 33.7
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3.2.2.5 Preparation o f com pound  7.

A mixture o f compound 6 (0.5 §1 0.84 mmol), 12 ทา§ o f CuS04.5H20  and a 10:1 

stoichiometric ratio o f sodium methoxide in methanol was heated under reflux with 

stirring for 18 hrs. After that, methanol was removed under reduced pressure and 

extracted with CH2Cl2. The organic layer was dried with NaS04 and the solvent 

removed under vacuum to  give light-green solid in 40% yield.

*H-NMR (400 MHz, DMSO-c/6) Ô (in ppm):

5  = 8.49 (m, 3H), 7.82 (t, J = 8.0 Hz, 1H), 7.35 (m, 10H), 6.94 (t, J  = 8.4 Hz, 2H), 

6.76 (t, J = 8.0 Hz, 1H), 5.01 (d, J = 4.0 Hz, 4H), 4.12 (q, J = 8.0 Hz, 2H), 4.10 (ร, 3H), 

2.81 (q ,J  = 8.0 Hz, 2H).

13C-NMR (400 MHz, CDCl3) 5  (in ppm):

5  = 160.8, 133.4, 131.5, 131.2, 129.4, 128.7, 128.7, 128.5, 128.4, 127.6, 127.4,

127.5, 125.9, 121.9, 116.0, 115.6, 105.2, 77.3, 77.0, 76.6, 71.6, 71.3, 56.2, 41.7, 33.8

MALDI-TOF mass: Anal. Calcd. for C35H29N0 5  m/z = 543.20, Found: 543.42
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3.2.2.6 Preparation o f com pound NBD.

A solution o f compound 7 (0.2 ฐ, 0.37 mmol) in methanol was stirred at room 

temperature for 5 min. 10% Pd /c  was added into the mixture solution under H2 

atmosphere. The reaction was stirred vigorously at room temperature for 24 hrs. 

After the reaction mixture was filtered, the percipitate was washed with CH2Cl2. The 

filtrate was purified by recrystallization in methanol to give a light green solid in 15% 

yield.

' h -NMR (400 MHz, DMSO-d6) 5  (in ppm):

5  = 8.83 (ร, 1H), 8.67 (ร, 1H), 8.51 (m, 3H), 7.82 (t, J  = 16 Hz, 1H), 7.34 (t, J =

8.0 Hz, 1H), 6.53 (q, J =  12 Hz, 2H), 6.47 (m, 1H), 4.15 (q, J = 4.0 Hz, 2H), 4.12 (ร, 3H), 

2.70 (m, 2H).

13C-NMR (400 MHz, CDClj) 5  (in ppm):

5  = 160.4, 162.8, 160.3, 145.1, 143.6, 133.2, 131.0, 129.5, 128.2, 126.4, 121.9,

119.2, 115.9, 115.5, 106.3, 56.6, 41.2, 40.2, 39.9, 39.7, 39.7, 39.5, 39.3, 39.4, 38.2, 33.0

Elemental Analysis: Anal.Calcd. for c 21H17N05: c ,69.41; H, 4.72; N, 3.85
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Found: c, 69.35; H, 4.63; N, 3.82

3.2.3 Synthesis o f  go ld  nanopartic les

Hydrogen tetrachloroaurate (20 ml, 0.25 ทาM) was dissolved in 80 ml o f water 

and sodium citrate (20 ml, 2.5 mM) was added to the portion. The mixture solution 

was stirred vigorously for 30 minutes. Immediately, the reaction was turned to  red 

and kept stirred for 15 minutes to ensure the complete reaction.

3.3 The c o m p le xa tio n  studies o f  sensor Cum_B by flu o re s c e n t 

s p e c tro p h o to m e try

3.3.1 C om p lexa tio n  studies o f  sensor Cum_B w ith  various saccharides

Firstly, a stock solution o f 1x10 3 M o f sensor Cum_B was prepared in DMSO. 

A stock solution of 1x102 M of various saccharides including fructose, glucose, 

galactose, ribose, lactose and maltose in 0.1 M phosphate buffer pH 7.4 were 

prepared in volumetric flasks. The solution of various saccharides was added to 2 ml 

o f 5x10 5 M o f sensor Cum_B in a 1- cm quartz cuvette by micropipette and stirred 

for 30 minutes at room temperature before monitoring the fluorescence spectra 

under the following conditions:

S ta rt: 420 nm 

End: 800 nm 

E xcita tion : 430 nm 

E xcita tion  S lit: 5.0 

Em ission S lit: 5.0

Scan ra te  a n d  th e  PM T vo lta g e : 680



3 8

3.3.2 D e te rm in a tio n  o f  th e  s to ich io m e try  o f  sensor Cum_B w ith  saccharides 

com p lexes  by J o b ’s m e th o d

Typically, the stock solution of sensor Cum_B and sugars were prepared in 

5% DMSO: 0.1 M phosphate buffer pH 7.4 at concentration of 5x10 5 M in volumetric 

flask. The portion o f Cum_B was mixed with portions o f the stock solution of 

saccharides to  give the final mode fraction o f saccharides and Cum_B according to 

Table 3.1. The solution mixture was stirred for 30 minutes at room temperature and 

was pipetted to  a 1-cm quartz cuvette to provide the tota l volume to 2 ml. The 

emission spectrum of complex was measured after stirring.

T a b le  3.1 Mole fraction and volume o f sensor Cum_B (5x10 M) and saccharide 

the stock solution ( 5 x 1 0  5 M) for Job’s method.

point Mole fraction 

of Cum B

mole fraction 

of saccharide

volume of 

Cum _B (ml)

volume of 

saccharide 

(ml)

1 1.0 0.0 2 .0 0 0 .0 0

2 0 .9 0.1 1 .8 0 0 .2 0

3 0 .8 0 .2 1 .6 0 0 .4 0

4 0 .7 0 .3 1 .4 0 0 .6 0

5 0 .6 0 .4 1 .2 0 0 .8 0

6 0 .5 0 .5 1 .0 0 1 .0 0

7 0 .4 0 .6 0 .8 0 1 .2 0

8 0 .3 0 .7 0 .6 0 1 .4 0

9 0 .2 0 .8 0 .4 0 1 .6 0

10 0.1 0 .9 0 .2 0 1 .8 0

11 0.0 1 .0 0 .0 0 2 .0 0
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3.3.3 D e te rm ina tio n  o f  d e te c tio n  lim it o f  sensor Cum_B

Typically, a solution of 5x105 M o f sensor Cum_B in 5% DMSO: 0.1 M 

phosphate buffer pH 7.4 was prepared by adding 0.5 m l o f stock solution o f Cum_B 

(1x103 M) in 10 ml volumetric flask. Fluorescence spectra o f Cum_B were recorded 

for 10 times at room temperature under the following condition:

S ta rt: 420 nm

End: 800 nm

E xc ita tio n : 430 nm

E xc ita tio n  S lit: 5.0

Em ission S lit. 5.0

Scan ra te  a n d  th e  PM T vo lta g e : 680

3.3.4 C om p lexa tio n  studies o f  sensor Cum_B w ith  saccharide b y  flu o re sce n ce  

titra tio n

A stock solutions o f sensor Cum_B (1x103 M) was prepared in DMSO and 

stock solution o f 1x102 M o f saccharides in 5 % DMSO with 0.1 M phosphate buffer 

pH 7.4 was prepared in volumetric flask. The solution o f saccharides was added to  2 

m l o f the sensor solution in various amounts o f saccharide as listed in table 3.2 and 

the mixture solution was stirred for 30 minutes at room temperature. Fluorescence 

spectra were measured under the following condition:

S ta rt: 420 nm

End: 800 nm
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E xcita tion : 430 กทา 

E xcita tion  S iit: 5.0 

Em ission s u t: 5.0

Scan ra te  a n d  th e  PM T vo lta g e : 680

T ab le  3.2 The concentration o f saccharide used in complexation studies with sensor 

Cum B

P o in t
[ C u m _ B ]

( M )

[s u g a r ]

( M )

V o l .  o f  

s u g a r  ( m l )

V o  ( . t o t a l  

( m l )

1 5 .0 0  X พ 5 0 .0 0 0 .0 0 0 2 .0 0 0

2 2 .5 0  X 10~6 2 .4 9  X พ 5 0 .0 0 5 2 .0 0 5

3 2 .4 9  X พ 6 4 .9 8  X 10~5 0 .0 1 0 2 .0 1 0

4 2 .4 8  X 1 0 '6 9 .9 0  X 1 0 5 0 .0 2 0 2 .0 2 0

5 2 .4 6  X 1 0 '6 1 .4 8  X 10~4 0 .0 3 0 2 .0 3 0

6 2 .4 5  X 1 0 '6 1 .9 6  X พ ' 1 0 .0 4 0 2 .0 4 0

7 2 .4 4  X พ 6 2 .4 4  X พ ' , 0 .0 5 0 2 .0 5 0

8 2 .4 3  X 1 0 ‘6 2 .9 1  X 1 0 '4 0 .0 6 0 2 .0 6 0

9 2 .4 0  X 1 0 '6 3 .8 5  X 1 0 '4 0 .0 8 0 2 .0 8 0

1 0 2 .3 8  X 1 0 ‘6 4 .7 6  X 1 0 ‘4 0 .1 0 0 2 .1 0 0

11 2 .3 6  X 1 0 '6 5 .6 6  X 1 0 '4 0 .1 2 0 2 .1 2 0

12 2 .3 3  X พ 6 6 .9 8  X 1 0 '4 0 .1 5 0 2 .1 5 0

13 2 .2 9  X 1 0 '6 8 .2 6  X พ 4 0 .1 8 0 2 .1 8 0

1 4 2 .2 6  X 1 0 6 9 .5 0  X 1 0 ‘4 0 .2 1 0 2 .2 1 0

15 2 .2 3  X 1 0 '6 1 .0 7  X 1 0  3 0 .2 4 0 2 .2 4 0

16 2 .2 0  X 1 0 '6 1 .1 9  X 1 0 "3 0 .2 7 0 2 .2 7 0
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P o in t
[ C u m _ ร ]  

( M )

[s u g a r ]

( M )

V o l .  o f  

s u g a r  ( m l )

V o l . t o t a l

( m l )

17 2 .1 7  X 1 0 ’6 1 .3 0  X 1 0 '3 0 .3 0 0 2 .3 0 0

18 2 .1 5  X 1 0 '6 1 .4 2  X 1 0 3 0 .3 3 0 2 .3 3 0

19 2 .1 2  X 1 0 '6 1 .5 3  X 10~3 0 .3 6 0 2 .3 6 0

2 0 2 .0 9  X 1 0 '6 1 .6 3  X 1 0 '3 0 .3 9 0 2 .3 9 0

21 2 .0 4  X 1 0 '6 1 .8 4  X 1 0 '3 0 .4 5 0 2 .4 5 0

2 2 2 .0 0  X 1 0 '6 2 .0 0  X 1 0 '3 0 .5 0 0 2 .5 0 0

3.4 The co m p le x a tio n  studies o f  sensor NBDB by flu o re s c e n t 

s p e c tro p h o to m e try

3.4.1 C o m p le xa tio n  studies o f  sensor NBDB

The stock solution o f 1x10 3 M o f NBD was prepared in DMSO. 1x10 3M. The 

stock solution o f 3-aminophenylboronic acid (1x10 3M) was prepared in 0.1 M 

phosphate buffer pH 7.4. The solution o f NBD was mixed with the solution of 3- 

aminophenylboronic acid to  give final concentration o f NBD and 3- 

aminophenylboronic acid according to Table 3.3. After volume adjustment with 

DMSO and 0.1 M phosphate buffer pH 7.4, the mixture was stirred for 30 minutes at 

room temperature and placed in a 1- cm quartz cuvette. Fluorescence spectra were 

measured under the following condition:

S ta rt: 375 nm 

End: 800 nm

E xc ita tio n : 385 nm
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E xc ita tio n  s u t: 5.0 

Em ission s u t: 5.0

Scan ra te  a n d  th e  PM T vo lta g e : 680

T ab le  3.3 Volume o f NBD with 3-aminophenylboronia acid stock solution (1x10 3 M) 

and final concentration of NBD with 3-aminophenylboronic acid (กา-BA)

V o l .  o f  N B D  s t o c k  
s o l u t i o n  ( p i )

[N B D ]  ( M ) V o l .  o f  s t o c k  ก า - B A  
s o l u t i o n  ( p i )

[ ก า - B A ]  ( M )

2 0 0 l x i o 4 2 0 1 x 1 0  5

1 8 0 9 x 1 0 5 18 9 x 1 0 6

1 6 0 8 x 1 0 5 16 8 x 1 0 6

1 4 0 7 x 1  O'5 1 4 7 x 1 0 6

1 2 0 6 x 1 0 5 1 2 6 x l 0 ' 6

1 0 0 5 x lO '5 1 0 5 x 1 0 6

8 0 4 x 1 0 5 8 4 x 1 0 ‘6

6 0 3 x 1 0 5 6 3 x 1 0  6

4 0 2 x 1 0 5 4 2 x 1 0 6

2 0 l x i o ' 5 2 1 x 1 0 6

3.4.2 C o m p lexa tio n  studies o f  sensor NBDB w ith  various saccharides

Initially, the stock solution of 1x10 3 M o f NBD was prepared in DMSO and 

1x103 M o f 3-aminophenylboronic acid was prepared in 0.1 M phosphate buffer pH

7.4. A stock solution o f various saccharides (1x10 2M) including fructose, glucose, 

galactose, ribose, lactose and maltose in 0.1 M phosphate buffer pH 7.4 were
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prepared in volumetric flasks. The mixture solution o f 1x10 4 M NBD and 1x105 M 3- 

aminophenylboronic acid was stirred for 30 minutes at room temperature to  give 

sensor NBDB. Next, the solution of sugar was added directly to 2 m l o f sensor NBDB 

in a 1- cm quartz cuvette by micropipette and stirred for 30 minutes at room 

temperature prior to measurement o f fluorescence spectra under the following 

conditions:

S ta rt: 375 nm 

End: 800 nm 

E xc ita tion : 385 nm 

E xcita tion  s a t: 5.0 

Em ission S lit: 5.0

Scan ra te  a n d  th e  PM T vo lta g e : 680

3.4.3 S tudy on th e  co n ce n tra tio n  e ffe c t o f  m o d ifie d  go ld  na n o p a rtic le s  b y  NBDB

Into a 2.0 ml quartz cuvette, 0.2 ml of sensor NBDB in 10 % DMSO: 0.1 M 

phosphate buffer pH 7.4 was mixed with 1.4x104 M o f gold nanoparticles in various 

volume o f gold nanoparticles according to table 3.4. Aqueous solution of gold 

nanoparticles was added to  a portion of NBDB in 10% DMSO: 0.1 M phosphate buffer 

pH 7.4 and the mixture were stirred vigorously for 20 minutes. NBDB was transferred 

to  the aqueous phase and the red colour of the solution did not change. Next, the
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mixture solution was centrifuge (10000 rpm, 20 min) at 25 °c  2 times. Fluorescence 

spectra were measured under the following condition:

S ta rt: 375 nm

End: 800 nm

E xc ita tio n : 385 nm

E xc ita tio n  S lit: 5.0

Em ission S lit: 5.0

Scan ra te  a n d  th e  PM T vo lta g e : 680

T a b le  3.4 Volume o f the stock solution o f gold nanoparticles (1.4x10 a M) and the 

final concentration o f gold nanoparticles in 2 ml

V o lu m e  o f  go ld  Final co n ce n tra tio n  o f  go ld

n anop artic les  stock so lu tio n  nanopartic les  (pM)

(m l)

0 0

0.2 14

0.4 28

0.6 42

0.8 56

1.0 70
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3.4.4 C o m p le xa tio n  studies o f  m o d ifie d  o f  go ld  nanop a rtic le s  b y  NBDB 

(NBDB_AuNPs) w ith  various saccharides

The stock solutions o f sensor NBDB_AuNPs were prepared in 10%DMSO: 0.1 

M phosphate buffer pH 7.4. The stock solution o f various saccharides (1x102 M) 

including fructose, glucose, galactose, ribose, lactose and maltose in 0.1 M 

phosphate buffer pH 7.4 were prepared in volumetric flasks. The solution o f various 

saccharides was added to 2 ml of sensor NBDB_AuNPs in a 1- cm quartz cuvette by 

micropipette and stirred for 30 minutes at room temperature before monitoring the 

fluorescence spectra under the following conditions:

S ta rt: 375 nm

End: 800 nm

E xc ita tio n : 385 nm

E xc ita tio n  S lit: 5.0

Em ission S lit: 5.0

Scan ra te  a n d  th e  PM T v o lta g e : 680

3.4.5 D e te rm in a tio n  o f  d e te c tio n  lim it  o f  sensor NBDB_AuNPs

Typically, the solution o f sensor NBDB_AuNPs in 10% DMSO: 0.1 M 

phosphate buffer pH 7.4 was prepared by adding 1.0 m l o f stock solution of 

NBDB_AuNPs in 10 ml volumetric flask. Fluorescence spectra o f NBDB_AuNPs were 

recorded for 10 times at room temperature under the following condition:

S ta rt: 375 nm
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End: 800 กกก 

E xcita tion : 385 กกก 

E xcita tion  s u t: 5.0 

Em ission S lit: 5.0

Scan ra te  a n d  th e  PM T vo lta g e : 680

3.4.6 C om p lexa tio n  studies o f  sensor NBDB_AuNPs w ith  saccharide by 

flu o re scen ce  titra tio n

The stock solutions o f sensor NBDB_AuNPs was prepared in 10% DMSO with

0.1 M phosphate buffer pH 7.4 and the stock solution o f 1x102 M saccharides in 10 

% DMSO with 0.1 M phosphate buffer pH 7.4 was prepared in volumetric flask. The 

solution of saccharides was added directly to 2 m l o f the sensor solution in various 

amounts o f saccharide as listed in table 3.5 and the mixture solution was stirred for 

30 minutes at room temperature. Fluorescence spectra were measured under the 

following condition:

S ta rt: 375 กกก 

End: 800 ทกา 

E xcita tion : 385 กทา 

E xcita tion  S lit: 5.0 

Em ission S lit: 5.0

Scan ra te  a n d  th e  PM T vo lta g e : 680
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T a b le  3.5 The concentration o f saccharide used in complexation studies with sensor 

NBDB AuNPs

P o in t
[N B D B _ A u N P s ]

( M )

[s u g a r ]

( M )

V o l .  o f  

s u g a r  ( m l )

V o l .  t o t a l  

( m l )

1 1 .0 0  X 1 0 ‘ 5 0 .0 0 0 .0 0 0 2 .0 0 0

2 9 .9 9  X 1 0 '6 1 .0 0  X 1 0 ‘5 0 .0 0 2 2 .0 0 2

3 9 .9 8  X 1 0 '6 2 .4 9  X 1 0 '5 0 .0 0 5 2 .0 0 5

4 9 .9 6  X 1 0 "6 3 .9 8  X 1 0 '5 0 .0 0 8 2 .0 0 8

5 9 .9 5  X 1 0 6 5 .4 7  X 1 0 '5 0 .0 1 1 2 .0 1 1

6 9 .9 3  X 10"6 6 .9 5  X 1 0 '5 0 .0 1 4 2 .0 1 4

7 9 .9 2  X 1 0 ‘6 8 .4 3  X 1 0 '5 0 .0 1 7 2 .0 1 7

8 9 .9 0  X 1 0 '6 9 .0 9  X 1 0 ‘5 0 .0 2 0 2 .0 2 0

9 9 .8 8  X 1 0 '6 1 .2 3  X 1 0 '“ 0 .0 2 5 2 .0 2 5

10 9 .8 5  X 1 0 _6 1 .4 8  X 1 0 '“ 0 .0 3 0 2 .0 3 0

11 9 .8 0  X 1 0  6 1 .9 6  X 1 0 '4 0 .0 4 0 2 .0 4 0

12 9 .7 6  X 1 0 '6 2 .4 4  X 1 0 ‘4 0 .0 5 0 2 .0 5 0

1 3 9 .6 6  X 1 0 '6 3 .3 8  X 1 0 ‘4 0 .0 7 0 2 .0 7 0

1 4 9 .5 7  X 1 0 '6 4 .3 1  X 1 0 ‘4 0 .0 9 0 2 .0 9 0

15 9 .4 3  X 1 0 '6 5 .6 6  X 1 0 '4 0 .1 2 0 2 .1 2 0

1 6 9 .2 2  X 1 0 ‘6 7 .8 3  X 1 0 '4 0 .1 7 0 2 .1 7 0

1 7 9 .0 0  X 1 0 '6 9 .9 1  X 10~4 0 .2 2 0 2 .2 2 0

18 8 .7 0  X 1 0 '6 1 .3 0  X 1 0-3 0 .3 0 0 2 .3 0 0

19 8 .3 3  X 1 0 '6 1 .6 7  X 1 0 '3 0 .4 0 0 2 .4 0 0

2 0 8 .0 0  X 1 0 ‘6 2 .0 0  X 1 0 '3 0 .5 0 0 2 .5 0 0

2 1 7 .4 1  X 1 0 '6 2 .5 9  X 1 0 '3 0 .7 0 0 2 .7 0 0
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P o in t
[N B D B _ A u N P s ] [ s u g a r ] V o l .  o f V o l .  t o t a l

( M ) ( M ) s u g a r  ( m l ) ( m l )

2 2 6 .6 7  X 1 ๙ 6 3 .3 3  X 1 0 '3 1 .0 0 0 3 .0 0 0

3.4.7 D e te rm ina tio ns  o f  load ing e ffic ie n cy  o f  NBDB capped  go ld  n a n o p a rtic le s

[91]

The sensor NBDB incorporated gold nanoparticles (AuNPs) was prepared 

according to the topic o f 3.4.3. To determine the loading efficiency o f NBDB capped 

gold nanoparticles, the remaining free NBDB was separated from aqueous solution 

by centrifugation at 10000 rpm at 25 ° c  for 20 minutes. The purple supernatant was 

collected and quantified by UV-Vis spectrophotometry. Loading efficiency o f samples 

was calculated following equation:

Loading efficiency (%) =

(Total amount of NBDB incorporated AuNPs - free NBDB) X 100 

(Total amount of NBDB incorporated AuNPs)
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