
CHAPTER III
A NOVEL CHEMILUMINESCENT HOST: 5-((3-(((2-HYDROXY-5- 
METHYLBENZYL)(METHYL)AMINO)METHYL)-2-HYDROXY-5- 

METHYLPHENYL) DIAZENYL)-2,3-DIHYDROPHTHALAZINE-l,4-DIONE 
COMPOUNDS IN FLOW INJECTION SYSTEM

3.1 Abstract

A novel chemiluminescent reagent from A,Y-bis(5-methyl-2- 
hydroxybenzyl)methylamine and luminol is proposed. The obtained compound forms 
the complex with Cu(II) ion which is an important catalyst in the chemiluminescence 
reaction of luminol in the optimal ratio 2:1 as clarified by UV-Vis. The optimum 
condition for chemiluminescence reaction in flow injection system is flow rate 1 
ml/min, [NaOH] 0.5 mM, and [H2O2] 20 mM. The using of Cu(II) and Co(II) as 
catalysts result in the ~8 times higher chemiluminescence intensity than others metal 
(Ca, Pb, Li, Ni, etc.). The chemiluminescence response of the obtained compound is 
linearly proportional to the concentration of Cu(II) in the range of 0.5-3.25 mM. The 
CL reaction of novel compound can performs without adding chelating agent as a 
function of complexation of novel compound and Cu(II).

3.2 Introduction

Flow injection (FI) is now well established as a powerful sample handling 
technique for laboratory analysis that is compatible with a wide range of detection 
systems. In its most basic form, it is a convenient means of presenting samples to the 
detector in a control and reproducible manner. It can also be used to great effect for 
the on-line physical and chemical pretreatment of samples, e.g. by the incorporation 
of solid phase micro-reactors containing immobilized enzymes, ion-exchange resins 
or absorbents.1 With specific regard to chemiluminescence (CL) detection FI 
provides the ability to mix efficiently. A photomultiplier is commonly used as the
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detector but solid state devices, scintillation counters and modified 
spectrophotometers and fluorometers have also been used.2

Luminol (5-aminophthalylhydrazide), when oxidized by most strong 
oxidants in a basic aqueous solution gives rise to a characteristic blue luminescence. 
The most popular oxidant is hydrogen peroxide and the reaction is catalyzed by a 
variety of metal ions. The luminol reaction, in conjunction with FI, has been used to 
determine a variety of species. The most common applications have involved the 
direct determination of the reaction components, i.e. H2O2, luminol and various 
catalysts. Early work concerned the determination of H2O2 using simple manifolds 
with either microperoxidase3 or Cu(II)4 as the catalyst. The use of various 
immobilization procedures for the analysis of H2O2 has been reported by Nieman and 
co-workers, e.g., by attachment of luminol, haemoglobin and horseradish peroxidase 
onto modified silica particles, via glutaraldehyde coupling, in a single-line FI 
manifold.5'7 Several metal ions catalyse the luminol reaction, principally Co(II), 
Cu(II), Fe(II), Cr(III) and Ti(III).8 These metals have been determined by FI-CL with 
nmol/L to sub-nmol/L detection limits. An early example was the detection of 1 pg 
of Co(II) using a coiled glass flow cell and a modified spectrophotometer.9 An 
interesting application of this catalytic effect was exploited to determine a range of 
metal ions in solution based on the displacement of Cu(II) ions from a strongly acidic 
ion-exchange column.10 A relatively development has been the use of FI with CL 
detection to optimize the postcolumn reaction conditions for ion chromatography in 
order to simultaneously determine groups of metal ions that catalyze the luminol 
reaction.11' 13 The production of H2O2 from enzyme-mediated reactions has allowed 
the determination of a wide range of organic species. The most common use of in 
situ H2O2 generation is for the determination of glucose by oxidation with soluble or 
immobilized glucose oxidase.14 Substrates of other oxidases can be determined in a 
similar manner, for example, sucrose, maltose, lactose and fructose.15

CL reaction of luminol is greatly stimulated by the presence of transition 
metals, through enhancement of initiation reactions, as well as through metal ion 
catalysis reactions.16 Generally, the luminol CL reaction requires the complexation of
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metal and chelating agent to maintain the solubility in basic pH. Chelators can alter 
the rate of metal-catalyzed oxidation by steric effects, variations in redox potentials, 
and alterations in solubility properties of the metal17 depending on the concentration 
of the chelator and on the metal ion. Several studies have been conducted to 
determine the effects of metal chelators on oxidation,3’5’ 18 however, the effects are 
complicated and not fully understood.19 Most of them result in terms o f negative 
effect by decreasing in the fluorescence intensity. In FI system, chelating agent is 
needed so the effects of using chelator are neglected. The synthesis of luminol 
derivatives which has metal-chelating properties is one of the challenging to avoid 
the using of external chelator and obtain the simple FI system. In previous, our group 
reported A/,A,'-bis(2-hydroxybenzyl)alkylamines obtained from a single-time ring 
opening reaction of benzoxazine with phenol derivatives.20 Considering the basic 
structure of jV,vV-bis(2-hydroxybenzyl) alkylamine, there are many possibilities to 
proceed the reaction through aromatic ring and hydroxyl group such as esterification, 
etherification and diazotization. In 2004, Phongtamrug et.al reported that N,N-bis(2- 
hydroxybenzyl) alkylamine derivatives showed host-metal complex with Cu(II) in 
both solid and solution state as confirmed by x-ray crystallography.21 The 
conjugating onto luminol leads to novel CL compound with unique properties. For 
example, the linking of luminol-calixarene gives the water soluble spectroscopic 
calixarene.22 Based on this viewpoint, we considered the introduction of luminol onto 
iV,jY-bis(5-methyl-2-hydroxybenzyl)methy lamine by diazotization reaction and 
expected that this novel host compound might interacts with transition metal such as 
Cu(II) to keep the solubility without adding the chelating agent. The work focuses on 
the molecular design and simple synthesis pathway of the luminol-jV,./V-bis(5-methyl- 
2-hydroxybenzyl)methylamine compounds, host-guest complex with metal ion 
including the CL properties in the FI system.
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3.3 Experimental 

Chemicals
L u m i n o l ,  NaNC>2 a n d  C F B C C ^ N a G f B O  w e r e  p u r c h a s e d  f r o m  F l u k a ,  S w i t z e r l a n d .  

E D T A ,  C D C I 3 a n d  a q u e o u s  3 0 %  H 2 O2 w e r e  o b t a i n e d  f r o m  M e r c k ,  G e r m a n y .  

S o d i u m  h y d r o x i d e  a n d  u r e a  w e r e  p r o v i d e d  f r o m  C a r l o  E r b a ,  I t a l y .  C o p p e r ( I I )  

c h l o r i d e  a n d  c o b a l t ( I I )  c h l o r i d e  w e r e  p u r c h a s e d  f r o m  S h i m a k y u ’ s  P u r e  C h e m i c a l s ,  

J a p a n ,  a n d  A j a x  F i n e c h e m ,  A u s t r a l i a ,  r e s p e c t i v e l y .  V . V - d i m e t h y l f o r m a m i d e  ( D M F )  

a n d  3 7 %  H C 1  w e r e  f r o m  L a b s c a n ,  I r e l a n d .  A l l  c h e m i c a l s  w e r e  u s e d  w i t h o u t  f u r t h e r  

p u r i f i c a t i o n .

Instruments
I n f r a r e d  s p e c t r a  w e r e  t a k e n  i n  K B r  d i s k s  o n  a  B r u k e r  E q u i n o x 5 5 / S  a n d  r e c o r d e d  i n  

t h e  r a n g e  4 0 0 0 - 4 0 0  c m ' 1 w i t h  3 2  s c a n s  a t  a  r e s o l u t i o n  o f  2  c m " 1. U V - V i s  a b s o r b a n c e  

d a t a  w e r e  o b t a i n e d  o n  a  P e r k i n  E l m e r  U V - V I S  s p e c t r o m e t e r  L a m b d a  1 6 . T h e  F I  

s y s t e m  u s e d  w a s  e q u i p p e d  w i t h  t w o  p e r i s t a l t i c  p u m p s  ( I s m a t e c  C A 4 E ,  2 0  r p m )  a n d  

a n  e l e c t r i c a l l y  a c t u a t e d  r o t a r y  s i x - p o r t  v a l v e  ( R h e o d y n e ,  M o d e l  5 3 0 1 ) .  A  t h r e e  w a y  

s o l e n o i d  s w i t c h i n g  v a l v e  ( L E E ,  M o d e l  N o  L F A A  1 2 0 1 6 1 8 H )  w a s  u s e d  t o  i n t r o d u c e  

t h e  s o l u t i o n  b e t w e e n  s a m p l e s .  V a l v e  s w i t c h i n g  a n d  d a t a  a c q u i s i t i o n  w a s  p e r f o r m e d  

u s i n g  F l o w  C o n t r o l  S o f t w a r e  ( A - C h e m  T e c h n o l o g i e s ,  M e l b o u r n e )  a n d  w a s  r u n  o n  a  

c o m p u t e r .  P T F E  ( i .d .  0 .8  m m )  t u b i n g  w a s  u s e d  f o r  k n i t t e d  r e a c t i o n  c o i l s  a n d  a l l  f l o w  

t u b i n g .  T h e  s e t  u p  F I  m a n i f o l d  w a s  s h o w n  i n  F i g u r e  3 .1 .

Synthesis
T h e  s y n t h e s i s  o f  V rV - b i s ( 5 - m e t h y l - 2 - h y d r o x y b e n z y l ) m e t h y l a m i n e ,  1 , w a s  p r e p a r e d  

a s  r e p o r t e d  p r e v i o u s l y .20 T o  a  s o l u t i o n  o f  l u m i n o l  ( 1 .4 5  g ,  8  m m o l )  d i s s o l v e d  i n  2 0  

m l  o f  0 .5  M  N a O H ,  1 0  m l  o f  4  M  H C 1  w a s  a d d e d  w i t h  c o n s t a n t  s t i r r i n g .  T h e  f r e s h l y  

p r e c i p i t a t e d  l u m i n o l  w a s  c o o l e d  t o  0 - 5 ° C  a n d  d i a z o t i z e d  w i t h  5  m l  o f  N a N C >2 ( 0 .5 6  g , 

8  m m o l )  s o l u t i o n .  A f t e r  h a l f - a n - h o u r  s t i r r i n g ,  a  c l e a r  b r o w n  s o l u t i o n  o f  d i a z o  s a l t  w a s  

o b t a i n e d .  A  l i t t l e  u r e a  ( 0 .2  g )  w a s  t h e n  a d d e d  a n d  t h e  s o l u t i o n  w a s  s t i r r e d  f o r  a  

f u r t h e r  1 0  m i n .  T h e n ,  t h e  d i a z o - s a l t  s o l u t i o n  w a s  s l o w l y  a d d e d  t o  a  s t i r r e d  m i x t u r e  o f  

O U C C h N a G F U O  (1  g )  a n d  1 ( 0 .8 5  g ,  2  m m o l )  i n  5 0  m l  D M F  u n d e r  i c e  c o o l i n g .  T h e
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r e d  r e a c t i o n  m i x t u r e  w a s  a l l o w e d  t o  c o u p l e  f o r  2  h  a t  p H  6 - 8  i n  a n  i c e  b a t h  a n d  t h e n  

p o u r e d  i n t o  w a t e r  ( 2 5 0  m l ) .  T h e  r e s u l t i n g  s o l u t i o n  w a s  a c i d i f i e d  t o  p H  ~ 1  w i t h  H C 1 , 

a n d  a  l a r g e  q u a n t i t y  o f  t h e  d a r k  r e d  p r e c i p i t a t e  f o r m e d  w a s  t h e n  f i l t e r e d  a n d  w a s h e d  

w i t h  w a t e r .  A f t e r  d r y i n g ,  t h e  c r u d e  p r o d u c t  w e i g h e d  1 .8  g ,  w h i c h  w a s  p u r i f i e d  t w i c e  

b y  d i s s o l v i n g  i n  c h l o r o f o r m  ( 9 0  m l )  a n d  r e p r e c i p i t a t i n g  w i t h  4  M  H C l  ( ~ 2 7 0  m l ) ,  

f o l l o w e d  b y  w a s h i n g  w i t h  w a t e r .  T h e  p u r i f i e d  p r o d u c t  ( 1 .2  g ,  5 1 %  y i e l d )  w a s  

o b t a i n e d  a s  a  r e d d i s h  b r o w n  s o l i d ,  3 .

Complexation in Solution
D M F  s o l u t i o n s  o f  3  a n d  c o p p e r  c h l o r i d e  (1.65 X 10'4 M )  w e r e  m a d e  u p  a n d  t h e  t w o  

s o l u t i o n s  w e r e  m i x e d  i n  t h e  f o l l o w i n g  r a t i o s :  3 - c o p p e r  c h l o r i d e ,  1:5, 2:4, 3:3, 4:2, 

a n d  5:1, r e s p e c t i v e l y .  T h e  m i x t u r e s  w e r e  s h a k e n  v i g o r o u s l y  f o r  l m i n  a n d  l e f t  f o r  12 

h .  U Y - V i s  a b s o r b a n c e  a t  t h e  m a x i m u m  p e a k  p o s i t i o n  w a s  m e a s u r e d  a n d  p l o t t e d  a s  

J o b ’s  p lo t .

3

Cu

H20 2

Waste

Figure 3 .1  F I  m a n i f o l d  s e t  u p  ( P I ,  P 2 :  p e r i s t a l t i c  p u m p s ,  Y :  i n j e c t i o n  v a l v e ,  M l ,  M 2 :  

r e a c t i o n  c o i l s ,  D :  f l o w - t h r o u g h  p h o t o m e t r i c  d e t e c t o r ) .



3.4 Results and Discussion

3.4.1 Synthesis and characterization of 3

T h e  p r e p a r a t i o n  o f  3  w a s  s h o w n  i n  S c h e m e  3 .1 .  T h e  r e s u l t  w a s  c o n f i r m e d  b y  

F T I R  ( F i g u r e  3 .2 ) .  C o m p o u n d  1 s h o w s  t h e  c h a r a c t e r i s t i c  p e a k s  o f  O - H  s t r e t c h i n g  a t  

3 5 5 0 - 3 1 0 0  c m "1 a n d  C - N  s t r e t c h i n g  1 2 4 5  c m " 1 a n d  o f  l u m i n o l  a t  3 0 5 0 - 2 8 0 0  c m ' 1 ( N -  

H  s t r e t c h i n g )  a n d  1 6 5 7  c m "1 ( 2 nd a r o m a t i c  a m i n e ) .  T h e  p e a k  o b s e r v e d  a t  3 2 7 1  c m " 1 

f o r  1 s u g g e s t e d  t h a t  t h e  h y d r o g e n  b o n d  n e t w o r k .  A f t e r  i n t r o d u c i n g  l u m i n o l  ( F i g u r e  

3 .1 C ) ,  t h e  p e a k  a t  3 4 1 2  c m " 1 s h o w s  t h e  r e m a i n i n g  o f  h y d r o x y l  g r o u p  i m p l y i n g  th e  

i n t e r m o l e c u l a r  H - b o n d .  T h e  p e a k s  a t  3 3 5 0 - 2 8 8 0  a n d  1 6 5 7  c m " 1 c o n f i r m  t h e  l u m i n o l  

g r o u p .  M o r e o v e r ,  m o l e c u l a r  w e i g h t  c o u l d  b e  d e t e r m i n e d  b y  e l e c t r o s p r a y  T O F - M S  

( F i g u r e  3 .3 ) .  A n a l y s e s  r e v e a l e d  a  m a j o r  p e a k  a t  m / z  =  4 6 0 .2  c o r r e s p o n d i n g  t o  t h e  

m o l e c u l a r  w e i g h t  o f  3 .

Scheme 3 .1  S y n t h e s i s  o f  3
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Figure 3 .2  F T I R  s p e c t r a  o f  ( a )  1 ( b )  2  a n d  ( c )  3 .
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Figure 3 .3  E S I - T O F  M a s s  s p e c t r u m  o f  3 .
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3.4.2 Host-Guest Complexation of 3 and Cu(II) ion

I n  o r d e r  t o  c l a r i f y  w h e t h e r  t h e  i n t e r a c t i o n  b e t w e e n  3 a n d  v a r i o u s  t r a n s i t i o n  

m e t a l  i o n s  i s  f o r m e d ,  U V - V i s  s p e c t r a  w e r e  a p p l i e d  t o  c h e c k  f o r  t h e  p e a k  s h i f t  o r  t h e  

n e w  p e a k  g e n e r a t i o n .  F i g u r e  3 .3  s h o w s  U V - V i s  s p e c t r a  o f  t h e  s o l u t i o n  3 w i t h  C u C b  

in  d i m e t h y l s u l f o x i d e  f o r  v a r i o u s  r a t i o s .  C o m p o u n d  3 g i v e s  a  m a x i m u m  p e a k  a t  3 3 0  

n m  w h e r e a s  C u C b  g i v e s  a  p e a k  a t  2 8 9  n m .  A f t e r  m i x i n g ,  a  n e w  p e a k  a t  5 2 8  n m  is  

o b s e r v e d  i m p l y i n g  t h e  i n t e r a c t i o n  o f  3 w i t h  C u C b .  F i g u r e  3 .4 B  i s  r e - p l o t t e d  f r o m  

F i g u r e  3 .4 A  t o  r e p r e s e n t  t h e  o p t i m a l  r a t i o  b e t w e e n  3 a n d  C u C b .  T h e  j o b ’ s  p l o t  

o b t a i n e d  f r o m  t h e  n e w  p e a k  a t  5 2 8  n m  i n d i c a t e s  t h e  o p t i m a l  r a t i o  o f  3 a n d  C u C l 2 is  

2 : 1 .  M o r e o v e r ,  w e  e x t e n d e d  o u r  w o r k  t o  c l a r i f y  t h e  c o o r d i n a t e  i o n  e f f e c t  b y  c h a n g i n g  

f r o m  C u C l 2 t o  C u S C >4 a n d  C 4H 6C U O 4 . T h e  o p t i m a l  i n t e r a c t i o n  w a s  f o u n d  i n  t h e  

s i m i l a r  r a t i o .  I n  o r d e r  t o  s t u d y  t h e  i n t e r a c t i o n  o f  3 w i t h  o t h e r  t r a n s i t i o n  m e t a l  i o n s ,  

C 0 C I 2 a n d  C ô F e f U N ô  w h i c h  a r e  t h e  i m p o r t a n t  c a t a l y s t s  i n  C L  r e a c t i o n  o f  l u m i n o l  

w e r e  u s e d .  T h e  d i s a p p e a r a n c e  o f  n e w  p e a k  o r  p e a k  s h i f t  i m p l i e d  t h a t  n o  i n t e r a c t i o n  

b e t w e e n  3, C 0 C I 2 a n d  C ô F e K îN e .

Figure 3.4A U V - V i s  s p e c t r a  o f  3 - C u C l 2 i n  D M S O  a t  v a r i o u s  v o l u m e t r i c  r a t i o s ;  a )  

0 : 6 ,  b )  1 :5 ,  c )  2 : 4 ,  d )  3 :3 ,  e )  4 : 2 ,  f )  5 :1 ,  a n d  g )  6 :0 .
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Figure 3 . 4 B  J o b ’ s p l o t  a s  a  f u n c t i o n  o f  m o l e  f r a c t i o n  o f  3  a t  5 2 8  n m .

3.4.3 Chemiluminescence Properties

T w o  c r i t e r i a  w e r e  a p p l i e d  i n  d e t e r m i n i n g  t h e  o p t i m u m  c o n d i t i o n s  f o r  t h e  

f l o w  i n j e c t i o n  m a n i f o l d ,  i . e . ,  ( i )  t h e  h i g h e s t  s e n s i t i v i t y  a n d  ( i i )  t h e  s h o r t e s t  p r a c t i c a b l e  

a n a l y s i s  t i m e .  H o w e v e r ,  b e c a u s e  t h e  m e t h o d  a l s o  i n v o l v e s  t h e  f o r m a t i o n  o f  

h y d r o x i d e  f l o c c u l a t i o n ,  t h e r e  a r e  s o m e  b l o c k a g e  p r o b l e m s  i n  t h e  f l o w  l in e s .  T h i s  

n e e d s  t h e  s p e c i f i c  c o n d i t i o n  o f  r e a g e n t s ,  i n j e c t i o n  v o l u m e  a n d  f l o w  r a t e s .

T h e  C L  p r o p e r t i e s  o f  3  w e r e  o b s e r v e d  b y  u s i n g  t h e  f l o w  i n j e c t i o n  a n a l y s i s  

( F I A ) .  T h e  c o n d i t i o n  f o r  o p t i m u m  d e t e c t i o n  w a s  f o u n d  t o  b e  2  m M  o f  3  in  0 .1 M  

N a O H  i n t o  1 0 ' 2 m M  o f  C u  a n d  5 0  m M  o f  H 2O 2 w i t h  t h e  f l o w  r a t e  0 .5  m l / m i n .  T h e  

C L  s p e c t r a  w e r e  r e c o r d e d  a s  a  f u n c t i o n  o f  v o l t a g e .

77 77 77
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3.4.3.1 Effect of Chemical and Instrument Conditions
T h e  C L  i n t e n s i t i e s  d e p e n d  o n  t h e  t y p e s  o f  m e ta l  i o n  a s  c a t a l y s t s ,  f l o w  r a t e s  

a n d  t h e  c o n c e n t r a t i o n  o f  N a O H ,  h y d r o g e n  p e r o x i d e ,  t h e  c o m p l e x a t i o n  o f  3  a n d  th e  

t y p e  o f  m e t a l  i o n .  T h e  e f f e c t s  o f  t h e  r e a g e n t s  o n  t h e  C L  r e a c t i o n  w e r e  e x a m i n e d .  T h e  

c o n c e n t r a t i o n s  o f  t h e  r e a g e n t s  w e r e  v a r i e d  t o  d e t e r m i n e  t h e  m a x i m u m  i n t e n s i t y .

3.4.3.1.1 Effect of Flow Rate
F l o w  r a t e  i s  a  k e y  f a c t o r  f o r  t h i s  f l o w  s e n s o r ,  w h i c h  d e p e n d s  o n  t h e  

a n a l y t i c a l  s p e e d  e f f i c i e n c y  a n d  t h e  s e n s i t i v i t y  o f  t h e  s e n s o r .  T h e  i n f l u e n c e  o f  f l o w  

r a t e  o n  t h e  C L  d e t e c t i o n  s y s t e m  w a s  i n v e s t i g a t e d  in  t h e  r a n g e  o f  0 .1  -  2  m l / m i n  a s  

s h o w n  i n  F i g u r e  3 .5 .  A s  r e p o r t e d  p r e v i o u s l y ,  t h e  l o w e r  t h e  f l o w  r a t e s ,  c o u l d  th e  

l o n g e r  t h e  c o n t a c t  t i m e s  b e t w e e n  s a m p l e  a n d  c a t a l y s t s ,  t o  r e s u l t  i n  a  s u f f i c i e n t  

r e a c t i o n .23 H o w e v e r ,  t h e  r a t e  o f  H 2O 2 o x i d i z a t i o n  i s  d e c r e a s e d  w i t h  a  d e c r e a s e  in  

f l o w  r a t e s  b e c a u s e  a t  t h a t  t i m e  t h e  a m o u n t  o f  t h e  o x i d i z e d  p r o d u c t  i n  a  u n i t  t i m e  

b e c o m e  l e s s .  O n  t h e  o t h e r  h a n d ,  t h e  r e a c t i o n  b e t w e e n  l u m i n o l  a n d  H 2O 2 i s  a  f a s t  

p r o c e s s .  W h e n  t h e  l u m i n o l  i s  s u f f i c i e n t ,  t h e  i n t e n s i t y  o f  e m i t t e d  C L  i s  d e p e n d e n t  o n  

t h e  r a t e  o f  H 2O 2 p r o d u c e d  f r o m  t h e  c o n v e r t e r .  I n  c o n c l u s i o n ,  t h e  s l o w  f l o w  r a t e s  a r e  

u n f a v o r a b l e  f o r  t h e  i m p r o v e m e n t  o f  s e n s i t i v i t y  a l t h o u g h  t h e y  a r e  p o s i t i v e  t o  a  

s u f f i c i e n t  r e a c t i o n .  A s  s h o w n  i n  F i g u r e  3 .5 ,  t h e  C L  i n t e n s i t y  i n c r e a s e d  w i t h  

i n c r e a s i n g  f l o w  r a t e  i n  t h e  0 .1 - 1  m l / m i n  r a n g e .  W h e n  t h e  f l o w  r a t e  i s  h i g h  ( > 1 .5  

m l / m i n ) ,  t h e  r e a c t i o n  b e t w e e n  l u m i n o l  a n d  H 2O 2 m i g h t  b e  i n s u f f i c i e n t  a n d  a s  a  r e s u l t  

t h e  s e n s i t i v i t y  o f  t h e  C L  d e t e c t i o n  s y s t e m  s i g n i f i c a n t l y  d e c r e a s e .  F i n a l l y ,  a  f l o w  r a t e  

o f  1 m l / m i n  w a s  s e l e c t e d  a s  a n  o p t i m a l  c o n d i t i o n .
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Figure 3 .5  E f f e c t  o f  f l o w  r a t e  o n  C L  i n t e n s i t y .

3.4.3.1.2 Effect of NaOH Concentration
T h e  l u m i n o l  r e a c t i o n  i s  m o s t  e f f i c i e n t  a t  h i g h  p H .  F i g u r e  3 .6  s h o w s  a n  

i n t e n s i t y  v s  N a O H  c o n c e n t r a t i o n  u s i n g  C u ( I I )  c a t a l y s i s .  M a x i m u m  C L  is  o b s e r v e d  in  

0 .5  m M  o f  N a O H ,  w h i l e  t h e  s i g n i f i c a n t  d e c r e a s e d  a t  h i g h e r  a n d  l o w e r  N a O H  m o l a r  

c o n c e n t r a t i o n s .  T h e  c o n c e n t r a t i o n  o f  N a O H  i s  r e l a t e d  t o  t h e  e n z y m a t i c  a c t i v i t y .  

S i n c e ,  t h e  p H  a d j u s t m e n t  t o  c o n d i t i o n s  s u i t a b l e  f o r  o b s e r v i n g  l u m i n o l  C L  c a n  

s i m u l t a n e o u s l y  s e r v e  a s  a  m e a n s  o f  s t o p p i n g  e n z y m e / c a t a l y z e d  p r o c e s s .24 H o w e v e r ,  

N a O H  c o n c e n t r a t i o n  is  a l s o  a n  i m p o r t a n t  l i m i t a t i o n  to  a p p l i c a t i o n s  o f  l u m i n o l  C L . 

H i g h  N a O H  c o n c e n t r a t i o n  ( i n  t h e  r a n g e  o f  1 -2  m M )  m a y  a c c e l e r a t e  t h e  r a t e  o f  

r e a c t i o n  b e t w e e n  h y d r o g e n  p e r o x i d e  a n d  r e d u c i n g  c o m p o n e n t s  i n  b i o l o g i c a l  s a m p l e s .  

T h e s e  r e a c t i o n  c o n s u m e  h y d r o g e n  p e r o x i d e  b e f o r e  i t  c a n  r e a c t  w i t h  l u m i n o l ,  t h u s ,  

r e d u c i n g  o b s e r v e d  C L  i n t e n s i t y  a n d  i n t e r f e r i n g  n e g a t i v e l y  i n  a n a l y t i c a l  p r o c e d u r e s .25
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Figure 3 .6  E f f e c t  o f  N a O H  c o n c e n t r a t i o n  o n  C L  i n t e n s i t y .

3.4.3.1.3 Effect of H2O2 concentration
F i g u r e  3 .7  s h o w s  t h e  C L  i n t e n s i t y  a s  a  f u n c t i o n  o f  H 2O 2 m o l a r  

c o n c e n t r a t i o n s .  T h e  H 2O 2 m o l a r  c o n c e n t r a t i o n s  w e r e  v a r i e d  i n  t h e  r a n g e  5 - 1 0 0  m M .  

B e l o w  2 0  m M  H 2O 2, l i g h t  e m i s s i o n  i s  p r o p o r t i o n a l  t o  p e r o x i d e  c o n c e n t r a t i o n .  F u r t h e r  

i n c r e a s e s  i n  p e r o x i d e  c o n c e n t r a t i o n  d o  n o t  a p p r e c i a b l y  i n c r e a s e  l i g h t  e m i s s i o n .  A  

m a x i m u m  C L  s ig n a l  w a s  o b t a i n e d  a t  2 0  m M .  A s  a  r e s u l t ,  t h e  s e l e c t e d  h y d r o g e n  

p e r o x i d e  m o l a r  c o n c e n t r a t i o n  w a s  2 0  m M .

Figure 3 .7  E f f e c t  o f  H 2O 2 c o n c e n t r a t i o n  o n  C L  i n t e n s i t y .
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3.4.3.1.4 Effect of 3 concentration
T h e  e f f e c t  o f  3  c o n c e n t r a t i o n  w a s  i n v e s t i g a t e d  a s  s h o w n  i n  F i g u r e  3 .8 .  T h e  

r e s u l t s  s h o w e d  t h a t  t h e  o p t i m a l  c o n c e n t r a t i o n  o f  3  w a s  2  m M .  T h e  s u b s t r a t e  

c o n c e n t r a t i o n  i s  n o t  a  c r i t i c a l  v a r i a b l e  i n  d e s i g n i n g  m e t h o d s  b a s e d  o n  c o u p l i n g  t o  

p e r o x i d e .23 I n  a p p l i c a t i o n s  i n v o l v i n g  C L  i n d u c e d  b y  c o m p l e x a t i o n  o f  m e t a l  i o n s  b y  

o r g a n i c  l i g a n d s ,  i t  i s  e x p l i c i t l y  a n d  i m p l i c i t l y  a s s u m e d  t h a t  o n l y  a  f r a c t i o n  o f  t h e  

m e t a l  i o n  is  c o m p l e x e d  b y  t h e  o r g a n i c  l i g a n d  a n d  t h e  C L  e m i s s i o n  i n t e n s i t y  w o u l d  

v a r y  a s  a  f r a c t i o n  o f  f r e e  m e t a l  i o n .6 A s  t h e  c o n c e n t r a t i o n  o f  3  i n c r e a s e s ,  t h e  f r a c t i o n  

o f  t h e  c o m p l e x e d  m e t a l  i o n  a l s o  i n c r e a s e s  a n d  t h e  c o n c e n t r a t i o n  o f  t h e  f r e e  m e t a l  i o n  

d r o p s  l e a d i n g  t o  a  d e c r e a s e  i n  t h e  C L  i n t e n s i t y .

Figure 3 .8  E f f e c t  o f  3  c o n c e n t r a t i o n  o n  C L  i n t e n s i t y .

3.4.3.2 Effectiveness of difference catalysts

T h e  c h o i c e  o f  c a t a l y s t  i s  c r i t i c a l  f o r  a n a l y t i c a l  p u r p o s e s .  T h e  c a t a l y s t  

i n f l u e n c e s  t h e  r a t e  o f  C L  r e a c t i o n ,  C L  e f f i c i e n c y ,  t h e  o r d e r  o f  t h e  r e a c t i o n  a n d  t h e  

s t o i c h i o m e t r y .26 S e v e r a l  t r a n s i t i o n  m e t a l  i o n s  w e r e  r e p o r t e d  t o  c a t a l y z e  l u m i n o l  C L .  

C o ( I I )  a n d  C u ( I I )  a r e  t h e  m o s t  e f f i c i e n t 27 t h e  s a m e  t r e n d  w a s  s h o w n  in  F i g u r e  3 .9



3 0

w h i l e  t h e r e  i s  n o  s i g n i f i c a n t  e f f e c t  o f  o t h e r s  m e ta l  i o n  w h e n  c o m p a r e  w i t h  C o ( I I )  a n d  

C u ( I I ) .  T h e  m e c h a n i s m  is  t h o u g h t  t o  i n v o l v e  a  m e t a l  i o n - p e r o x i d e  c o m p l e x  a s  t h e  

a c t i v e  s p e c i e s  r e a c t i n g  w i t h  l u m i n o l .28 B o t h  C o ( I I )  a n d  C u ( I I )  h a v e  b e e n  i n v e s t i g a t e d  

a s  c a t a l y s t s  f o r  p e r o x i d e  u s i n g  l u m i n o l  s y s t e m ,29 h o w e v e r ,  t w o  p r o b l e m s  a r e  

e n c o u n t e r e d .  T h e  p r i n c i p a l  p r o b l e m  w i t h  C o ( I I )  i s  s o l u b i l i t y  o v e r  t h e  p H  r a n g e  f r o m  

1 0  t o  1 2 , w h e r e  l u m i n o l  C L  i s  m o s t  e f f i c i e n t .27 T h e  s o l u b i l i t y  c a n  b e  i n c r e a s e d  b y  

a d d i n g  l i g a n d s  l i k e  NH3 t o  f o r m  s o l u b l e  c o m p l e x e s ,  h o w e v e r ,  t h i s  i s  s e l f - d e f e a t i n g  

b e c a u s e  c o m p l e x i n g  a g e n t s  r e d u c e  c a t a l y t i c  e f f i c i e n c y  b y  p r e v e n t i n g  t h e  f o r m a t i o n  

o f  m e t a l  i o n - p e r o x i d e  c o m p l e x .30 W i t h  C u ( I I )  a s  a  c a t a l y s t ,  s e n s i t i v e  p e r o x i d e  

a n a l y s i s  i s  p o s s i b l e ,  b u t  i n t e n s i t y  is  p r o p o r t i o n a l  t o  [ H 2O 2]" , w h e r e  ท i s  l a r g e r  t h a n  

o n e .  T h e  v a l u e  o f  ท i s  q u i t e  s e n s i t i v e  t o  c o n d i t i o n s  s u c h  a s  p H  a n d  l u m i n o l  

c o n c e n t r a t i o n .  P r o b a b l y  t h i s  b e h a v i o r  i s  i n  s o m e  w a y  d u e  t o  t h e  2 :1  s t o i c h i o m e t r y  o f  

t h e  p e r o x i d e - l u m i n o l  r e a c t i o n .31 H o w e v e r ,  a s  s h o w n  i n  F i g u r e  3 .7 ,  t h e  C L  i n t e n s i t y  

o f  o u r  s y s t e m  i n d e p e n d e n t  o f  [ H 2O 2] b y  u s i n g  C u ( I I )  a s  c a t a l y s t .  S o  w e  c a n  u s e  

c o m p o u n d  3  a s  a  n o v e l  s u b s t r a t e  t o  s o l v e  t h e  p r o b l e m s  o f  u s i n g  C u ( I I )  a s  c a t a l y s t  i n  

f l o w  i n j e c t i o n  a n a l y s i s  s y s t e m .

T ypes o f C a ta lys ts

Figure 3 .9  C L  i n t e n s i t y  w i t h  v a r i o u s  t y p e s  o f  c a t a l y s t s .
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3.4.3.3 Response of the CL detection system to Cu(II) Concentration

A s  m e n t i o n e d  i n  3 .3 .2 ,  c o m p o u n d  3  c a n  f o r m  h o s t - g u e s t  c o m p l e x  w i t h  o n ly  

C u ( I I ) .  U n d e r  t h e  s e l e c t e d  c o n d i t i o n s  g i v e n  a b o v e ,  a  l i n e a r  r e s p o n s e  i n  c o n c e n t r a t i o n  

r a n g e  0 .5  t o  3 .2 5  m M  w a s  o b t a i n e d  f o r  t h e  d e t e r m i n a t i o n  o f  C u ( I I )  a s  s h o w n  in  

F i g u r e  3 .1 0 .  T h e  o b t a i n e d  f l o w  i n j e c t i o n  s y s t e m  i s  o n e  o f  t h e  m o d e l  t o  d e t e r m i n e  

C u ( I I )  i o n

C o n ce n tra tio n  o f C u(ll), mM

Figure 3 . 1 0  C L  i n t e n s i t y  w i t h  C u ( I I )  c o n c e n t r a t i o n .

3.4.3.4 Effect of Chelating Agent on FIA System

F i g u r e  3 .1 1  i l l u s t r a t e s  t h e  e f f e c t s  o f  c h e l a t o r s  o n  t h e  C L  i n t e n s i t y ,  s t u d i e d  a t  

a  2 :1  m o l a r  r a t i o  o f  c h e l a t o r  t o  m e t a l .  P r e v i o u s l y ,  A r o r a  et. al. r e p o r t e d  t h e  

q u e n c h i n g  t h e  f l u o r e s c e n c e  i n t e n s i t y  d e c r e a s e d  t o  a p p r o x i m a t e l y  3 0 %  o f  t h e  o r i g i n a l  

v a l u e  b y  t h e  a d d i t i o n  o f  E D T A ,  f o l l o w e d  b y  F e ( I I )  i o n s .32 T h e  s a m e  t r e n d s  w e r e  

o b s e r v e d  w h e n  t h e  o t h e r  t h r e e  c h e l a t o r s - A D P ,  N T A ,  a n d  c i t r a t e  w e r e  a d d e d .  T h e  

f a c t o r  t h a t  m a y  e x p l a i n  t h e  e f f e c t s  o f  t h e  c h e l a t o r s  s t u d i e d  o n  t h e  f l u o r e s c e n c e  

i n t e n s i t y  o f  m e t a l - c a t a l y z e d  r e a c t i o n  m a y  b e  t h e i r  e f f e c t  o n  t h e  r e d o x  p o t e n t i a l  o f  t h e  

m e t a l  i o n s .32 T r a n s i t i o n  m e t a l s  h a v e  a  r a n g e  o f  a c c e s s i b l e  o x i d a t i o n  s t a t e s  t h a t
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e n a b l e s  t h e m  t o  t r a n s f e r  e l e c t r o n s .  T h e  r e d o x  p o t e n t i a l  f o r  s u c h  a  t r a n s f e r  i s  a l t e r e d  

b y  c h e l a t i o n  o f  t h e  m e t a l s .33 T h e  r e d u c t i o n  p o t e n t i a l  o f  F e ( I I I ) / F e ( I I )  ( a q u e o u s )  i s  

+  1 1 0  m V  a t  p H  7 .0 .  W h e r e a s  t h o s e  o f  t h e  c h e l a t e d  F e ( I I I ) E D T A / F e ( I I ) E D T A ,  

F e ( I I I ) c i t r a t e / F e ( I I ) c i t r a t e  a n d  F e ( I I I ) A D P / F e ( I I ) A D P  c o m p l e x e s  d e c r e a s e  t o  + 1 0 0 ,  

+ 9 0  a n d  + 7 5  m V ,  r e s p e c t i v e l y  a t  n e u t r a l  p H .34 I n  g e n e r a l ,  c h e l a t o r s  i n  w h i c h  o x y g e n  

a t o m s  l i g a t e  t h e  m e t a l  t e n d  t o  p r e f e r e n t i a l l y  b i n d  t o  t h e  o x i d i z e d  f o r m s  o f  i r o n  o r  

c o p p e r ,  t h e r e b y  d e c r e a s i n g  t h e  r e d o x  p o t e n t i a l  o f  t h e s e  m e t a l s .32

F i g u r e  3 .1 1  s h o w s  t h e  C L  s p a c t r a  o f  3 - C u  a n d  3 - C u - c h e l a t i n g  a g e n t  

( E D T A )  t o  o b s e r v e  t h e  e f f e c t  o f  c h e l a t i n g  a g e n t  o n  C L  s i g n a l .  T h e  C L  s p e c t r a  o f  3 -  

C u - E D T A  ( F i g u r e  3 .1 1 b )  i s  m u c h  l o w e r  t h a n  3 - C u  ( F i g u r e  3 .1  l a ) .  T h i s  c o n f i r m s  t h a t  

t h e  c o m p l e x a t i o n  o f  c a t a l y s t  a n d  c h e l a t i n g  a g e n t  l e a d s  t o  t h e  d e c r e a s i n g  in  t h e  C L  

s p e c t r a .  T h e  C L  c o m p o u n d s  t h a t  c a n  p e r f o r m  C L  p r o p e r t i e s  w i t h o u t  a d d i n g  c h e l a t i n g  

a g e n t  a r e  n e e d e d .

0 200 400 600 800 1000 1200 1400

Time (ร)

Figure 3 .1 1  C h e m i l u m i n e s c e n c e  s p e c t r a  o b t a i n e d  f r o m  t r i p l i c a t e  i n j e c t i o n s  o f  ( a )  3 -  
C u  a n d  ( b )  3 - C u - E D T A .
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3.5 Conclusions

A  n o v e l  c h e m i l u m i n e s c e n t  h o s t :  5 - ( ( 3 - ( ( ( 2 - h y d r o x y - 5 -

m e t h y l b e n z y l ) ( m e t h y l ) a m i n o ) m e t h y l ) - 2 - h y d r o x y - 5 - m e t h y l p h e n y l )  d i a z e n y l ) - 2 , 3 -  

d i h y d r o p h t h a l a z i n e - l , 4 - d i o n e  w a s  s u c c e s s f u l l y  p r e p a r e d  b y  c o n j u g a t i o n  l u m i n o l  a n d  

/ V ,A '- b i s ( 5 - m e l h y l - 2 - h y d r o x y b e n z y l ) m e t h y I a m i n e .  T h e  o b t a i n e d  c o m p o u n d  c a n  f o r m  

c o m p l e x  w i t h  C u ( I I )  i n  t h e  2 :1  r a t i o  w h i c h  c a n  b e  u t i l i z e d  i n  t h e  f l o w  i n j e c t i o n  

s y s t e m  r e s u l t i n g  in  t h e  s i m p l e  s y s t e m  w i t h o u t  a d d i n g  c h e l a t i n g  a g e n t  t o  m a i n t a i n  th e  
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