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ABSTRACT

Inthiswork, weinvestigated the chemiluminescence generated fromthereac-
tion of bis(2,4,6-trichlorophenyl)oxalate (T CPO), hydrogen peroxideand 1,4
dihydroxyanthraguinone (quinizarin). Furthermore, the effect of solvent and
concentrations of necessary reagents, TCPO, sodium salicylate, hydrogen
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peroxide and quinizarin on the luminescence efficiency of the system were
studied. Under the optimal condition the suitable values of concentrations of
the TCPO:H,0,:SS:Qz systemwereof 5.50 x 10, 8.34 x 107, 4.27 x 10°and

7.51x 10*M, respectively.

INTRODUCTION

Chemiluminescence (CL) isthegeneration of elec-
tromagnetic radiation (ultraviolet, visibleor infrared)
by achemical reaction without any changing in tem-
perature. Therearetwo typesof CL reactions:. direct
CL andindirect or sensitized CL. Direct CL istheCL
reaction inwhich electronically excited intermediate
emitslight butinindirect CL thisintermediatetrans-
fersitsenergy to afluorophorethat can luminescence
subsequentlyt®2. The most efficient non-enzymatic
indirect chemiluminescence reaction with quantum ef-
ficiency up to 50% is peroxyoxal ate chemilumines-
cence (PO-CL) system. In 1963 Chandross, for the
first time, observed bluish-white light fromamixture
of oxalyl chloride, hydrogen peroxide and 9.10-
diphenylanthracenein 1,4-dioxane asasolvent(®4,
PO-CL reaction can be used for direct or indirect
detection of hydrogen peroxide (produced by enzy-
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mati c reaction), determination of ionic compounds,
fluorophore and fluorescent derivatized compounds.
In addition, PO-CL techniquewill behighly sdective
when coupled with sometechniquessuch ascapillary
electrophoresis(CE) and high performanceliquid chro-
matography (HPLC)513,

Quinizarin (Qz) isan orange crystalline powder,
whichisagood fluorogenic agent for detection of some
metallicionsor can be used for their ssimple spectro-
photometric determinations. Qz hasvariousproperties
such asbeingafungicide, pesticideor usng asadye, a
photoinitiator or an additivein lubricants+17, Trying
to discover acorrect structurefor Qz hasbeen abasis
for many researches'®?%, Asshownin Figure 1, Qz
hasthreetautomeric structures?y.

Inthe current work, the chemiluminescence of the
reaction between TCPO and hydrogen peroxideinthe
presenceof Qz, asfluorophore, hasbeen investigated.
In addition, the system showed an enhancing effect in
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Figure 1 : The tautomeric structures of 1,4- dihydr-
oxyanthraguinone(Quinozarin).

the presenceof duminum(lll) ion. Weareinvestigating
thisenhancing effect and theresultsare demondtrated
inour next work.

EXPERIMENTAL

Materialsand appar atus

Commercial reagentswere obtained from Merck
and used without further purification. TCPO synthe-
sized from thereaction of 2,4,6-trichlorophenol and
oxalyl chlorideinthe presenceof triethylamine asde-
scribed el sewherd?. The chemiluminescence spectra
and all emission intensitieswererecorded by using a
Varian Cary Eclipse fluorescence spectrophotometer.

Procedure

At roomtemperature, proper amounts (7L of stock
solutionsof hydrogen peroxide (in acetonitrile), TCPO
(inethyl acetate) and SS (in methanol) wasaddedtoal
cmaquartz cell containing 1.5mL (9.51 x 10*M) of Qz
(inTHF), and the CL (a.u.) spectraof themixturewere
recordedimmediatdy. All solutionswerefreshly prepared
whenthey wereused in the measurements.

RESULTSAND DISCUSSION

Aswecouldfindintheliterature, thefamiliar pro-
posed mechanism for PO-CL reaction is as demon-
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strated in scheme 1. According to them, achemically
initiated electron exchange luminescence (CIEEL)
mechanismisrespons bleof theexcitation. It hasbeen
shown that a key intermediate, 1,2-dioxetanedione
(DOD), ahighly strained and unstablemolecule, ispro-
duced in thismechanism*2328, DOD formsacharge
transfer complex with afluorophore by accepting one
electronfrom fluorophoreand then achemiluminescence
light emitsafter thedecomposition of thiscomplex. As
seeninthefollowing steps, inanindirect CL fashion,
when hydrogen peroxidereactswith oxad ateester (here
TCPO), after anintramol ecular displacement, DOD is
formed but thisresulted moleculewill not emit light and
transfersitsenergy to thefluorophore (Qz, inthiswork)
by producing two CO, molecules. Afterward the re-
sulting sensitized fluorophorerel easesitsenergy inthe
form of light or heat(2%2%-31,

k1
2TCPO +H ,0,—>C,0, + 2HTCP «y
k2
C,0, + QNZ -[C,0QNZ*] 2
0
0 0 : 0
4>—<; b H0, — + 2 ArOH
0—0
Ar—0 O—Ar
0 0 0 0
-
+ fuorophore —= {luorophore
0—0 0—0

|

*
2CO, * fluorophore

fluorophore — fluorophore+ hv
Scheme1: Theproposed mechanismfor thePO-CL reaction.

[CZOQ’QNZ*’]k—s)QNZ* +2CO, ©)
kg

QNZ" >QNZ +hv 4)

or

ONZ* -3 ONZ + heat ®)

Optimization of experimental factors
Experimentally, we saw anintense bright orange
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Figure2: The Chemiluminescence emission spectra of Qz
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Figure3: Theeffect of thetype of solvent on the chemilumi-
nescenceintensity of the PO-CL/Qz system; Qz (7.51 x 10-
“M), TCPO (5.50x10*M), SS(4.27x10*M) and H,0, (8.34

x102M).

light withalong lifetimeimmediately after theaddition
of hydrogen peroxideto the mixture of TCPO, SSand
Qz. Thechemiluminescenceemission spectraof Qzare
showninFigure2. AsitisobviousfromthisFigure, the
system has shown its maximum of emission at wave-

length of about 600 nm.
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Figure4: Theeffect of SSconcentration (0.00to 7.50 x 106
M) on the PO-CL system in the presence of Qz (7.51 x 10
M), TCPO (5.50x 10*M) and H,0, (8.34 x 10> M), r espec-

ively.
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Figure5: Theeffect of H,O, concentration (0.00t00.12 M)
on the chemiluminescenceintensity of Qz (7.51x 10*M)in
thepresenceof TCPO (5.50x 10*M) and SS(4.27 x 10°M).

We havealready expected thecrucia effect of the
kind of the solvent in which the CL reagentsreact®2.
Theeffectsof varioustypesof solventsontheintensity
of PO—CL were examined. Figure 3 shows the effects
of somecommon solventsind uding ethyl acetate, metha
nol (MeOH), acetonitrile, aceton, tetrahydrofurane
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Figure6: Theinfluenceof varying concentrationsof TCPO
(1.45x10"t09.84 x 10 M) in the system containing H,O,
(8.34x102M), SS(4.27x10°M) and Qz (7.51 x 10* M).
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Figure7: Theeffect of Qz concentration (6.47 x 10#t0 8.48
x 104 M) on the CL intensity in the presence of the

TCPO:H,0,:SS system with concentrations of 5.50 x 10,
8.34 x102and 4.27 x 10° M, respectively.

(THF), dimethylformamide (DMF) and
dimethysulfoxide (DM SO) ontheintensity of PO-CL
system when the concentrations of al reagentswere
kept fixed. Wefound that THF wasthe best solvent for
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Figure8: TheCL intensity-time plotsof the optimized Qz—
TCPO-H,O-SS system were obtained by changing the con-
centrationsof Al* ions.

the PO—CL system of Qz.

Another factor that must have been checked for
the PO-CL/Qz system was the effect of SS concen-
tration, asthe CL catalizer agent. After addition of SS
tothesystem, theintendity of theemitted light increased
whileaweak signa had been emitting beforethe addi-
tion of SS. Asshown in Figure4, theincreaseinthe
intengity of thelight raised until the concentration of SS
reached 1.67 x 10°M. CL intensity was nearly con-
stant inthe concentration range of 1.67 x 10°t0 4.41x
10°M of SSbeyond that the quenching effect of SS
on CL intengty started. Theresulted evidence confirms
that the catalytic role of SShad been responsibleof the
increasngin CL signd andthelater decreaseinthe CL
intensity could have been dueto the decomposition of
thekey intermediate 1,2-dioxetanedione?. Thus, we
used optimal concentration4.27 x 10 M of SSfor the
subsequent studies.

InFigure5, theeffect of H,O, concentrationisdem-
onstrated. Asseen, thereisno emitted CL light inthe
absenceof H,O, inthetest solution, whichisindicative
theoxidant roleof H,O,*. FromthisFigure, thereisa
linear relationship between theintensity of CL and the
concentration (lessthan 0.1 M) of H,0,. Thus, 8.34 x
10*M of H,0, was used as optimal concentrationin
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further experiments.

In order to find the rel ationship between the con-
centrations of TCPO and Qz and theintensities of
theemitted CLsfrom thetested system®4, the CL of
the system were plotted agai nst the concentrations
of TCPO and Qz in the solution separately. There-
sultsareshownin Figures6 and 7. Asseenin Figure
6, the plot shows alinear behavior with increasing
amounts of TCPO concentration from 1.45 x 10
t09.84 x 10* M. The 5.50 x 10* M of thisrange
was sel ected asthefixed TCPO concentrationin all
experiments. Furthermore, from thelinear plot shown
for Qz (6.47 x 10#t08.48 x 10* M) in Figure 7,
7.51 x 10*M was used as useful concentration of
Qzinthesolution.

Finally, from thefact that Qz can form acomplex
with Al®*ion™ %1, weareinvestigating the CL of the
proposed system inthe presence of Al** inthe sol ution.
Fromthe primarily experimentswefoundthat Al**ion
isagood enhancing reagent for the PO-CL system of
Qz. Figure8indicatesthe CL intensity—time plots of
Qz-TCPO-H,O,-SS system, which were obtained by
addition of various concentrations of Al**ionsto the
solution. Wearegoing to publish theresultsassoon as

possible

CONCLUSION

Asshown by theresults obtained in thisinvesti-
gation, we can say that quinizarin could be used as
an actud fluorophorein the chemiluminescenceemis-
sion reaction of aperoxyoxalate system. Quinizarin
can transfer the sensitization energy of the system
and giveit up asaclear intense bright orange light
with alonglifetime. Ontheother hand, quinizarinis
able to form complex(s) with metal ions such as
aluminum(l1l). Soit can be used asachemilumines-
cence chemosensor for sel ective determination of
some speciesin the solution, which will be described
in our next work.
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