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Abstract

A fluorescence spectrometeris used in the Measureroé a broad range of
applications. The main parts of spectrometers &ee photocathode connected to
photomultiplier and the multichannel scalar (MCSy fLifetime Measurements in
Nanosecond to Seconds Range and multichannel anglyi CA) for the intensity and
wavelength of UV/V light.

There is a wide range of sensors for light senappications: from a photomultiplier
tube which gives a large voltage pulse for evergtph it detects, to cooled thermopiles
that absorb kilowatts of power.

The aim of this work is to develop and introducengieé Photon Detector as
fluorescence spectrometerand chemiluminescencetidstieor this purpose, the Nal
crystal is removed gently from the detector cavityed in gamma spectroscopy, so that
the bare photocathode remained sealed to the phdtpler. The capability of the
system is mainly dependent on the sensitivity & photocathode. The system is
investigated to find a calibration curve of standsolutions.First, applying UV/V atomic
absorption spectroscopyand measuring the time eoafsfluorescence signal from
chemiluminescence absorbance. The results obta@medveryencouraging to move
forward towered more applications.

Keywords:Nal scintillation detector, photomultiplier tubdudrescence spectroscopy,
chemiluminescence kinetics

I ntroduction

Optical instruments or light sensing devices aredu® measure the intensities and
wavelengths of the visible region of the electrone spectrum (for instance eye is an
essential part of the instrument for the eye ctdléiae light from the grating and focuses
the many colors on the retina). In general, fluceese investigations are conducted with
radiation having wavelengths ranging from the witket to the visible regions of the
electromagnetic spectrum (250 to 700 nanomete}s) [1



A fluorescence spectrometer, in the global, isdusethe Measurement of a broad
range of applications. The main parts of spectremseire the photocathode connected to
photomultiplier and the multichannel scalar (MCSy fLifetime Measurements in
Nanosecond to Seconds Range and multichannel anglyi,CA) for the intensity and
wavelength of UV/V light.

There is a wide range of sensors for light senappications: from a photomultiplier
tube which gives a large voltage pulse for evergtph it detects, to cooled thermopiles
that absorb kilowatts of power.

With most fluorescence spectroscopy it is posstbleecord both excitation and
emission spectra. An emission spectrum is the veagth distribution of an emission
measured at a single constant excitation wavelel@hversely, an excitation spectrum
is the dependence of emission intensity, measuradsimgle emission wavelength, upon
scanning the excitation wavelength. Such spectiebegpresented on either a wavelength
scale or a wavenumber scale.

For an ideal instrument, the directly recorded smis spectra would represent the
photon emission rate or power emitted at each wagth, over a wavelength interval
determined by the slit widths and dispersion oféh@ssionmonochromatic.

Chemiluminescence (CL) has a powerful applicatmmmalytical chemistry, mainly
in the area of flow injection analysis. The useQif as a detection principle permits
guantitative determination of various compounds &w concentrations
[2].Chemiluminescence (CL) is defined as the prdéidacof electromagnetic radiation
(ultraviolet, visible or infrared) observed when chemical reaction yields an
electronically excited intermediate or product, ethieither luminesces or donates its
energy to another molecule, which then lumines8gs [

The aim of this research is to develop and intreduwisible light spectrophotometer.
For this purpose, the front aluminum face of thd [Rix2") detector is removed by
turning machine. The Nal crystal, used for gamnecspscopy, is removed gently from
the detector cavity so that the bare photocathfadeg the light source, remained sealed
to the photomultiplier. Photocathode is then codeby a black rubber sheet with a
central aperture of diameter ~5 mm as an activedrkght detection.

The developed system is investigated by the basiciples of spectrophotometryof
standard solutions which used in reading off thknomwn concentrations. Here a total
signals emitted by standard chemical agent molscate considered by multi-channel
scaler (MCS).Or the number of photons detectedhduai specified integration time and
the use of light transition and absorption to meaghe concentration of chemicals in
solution.

Nal(TI) scintillation detectors are widely usedradiation spectroscopy: in nuclear
medicine, for environmental monitoring and in maotler applications. Even though it



has poor resolution, a mutual spectral interferesicenvironmental samples has been
resolved [4]. For example but not limited to, itighly efficient in the low level activity
NORM samples [5, 6].

The available electronics were based on
separate components installed in Nuclear Instrusnbfadule (NIM) bins. A schematic
diagram of a typical general purpose fluorescempeetsometer is shown in Fig. 1. The
detection system is composed of a detector, sigmaessor electronics; output
display device such as multi-channel analyzer (M&Wmulti-channel scaler (MCS).
The main part of the system is the Photomultipiiecr. PMT is a sensitive special
vacuum tube that is capable of convertingincoming light photons absorbed by the
surface photocathode into a very large number of electr&MT, supplied by high-
voltage power 1,000 to 3,000 volts DC, is regulatedn appropriate operating Voltage.

incident on the photocathode get converted indotedns through the process of
photoelectric effect. The electron is then madadrelerate and multiplied by structure of
dynodes until electrons reach the last dynode (called anodeyewtiee resulting
electrical pulse signal is measured by other edeatrsignal processor [7].

Photomultiplier tubes are generally used to detieetlowest light levels where the
application demands the superior sensitivity of phetocathode. The photocathode can
be made of a variety of materials, with differembggerties. The photocathode material is
usually a mixture of alkali metals, which make P T sensitive to photons throughout
the visible region of the electromagnetic spectriigpically the materials have low work
function and are therefore prone to thermionic smaig causing noise and dark current,
especially the materials sensitive in infrared [7].
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Figure 1.Block diagram of a typical Fluorescence Spectrogcop

The available photocathode in our laboratary { of Zakho-Kurdistan region-
Iraq) is Bialkali (Sb-K-Cs, Sb-Rb-Cs): sactivated antimony- potassium or
antimony- rubidium alloy. It is a transmission typad has similar characteristics of
Sh:Cs, with highersensitivity and lower noise. fts/orable response to a Nal:Tl
scintillator flashes,of wavelength 400-420 nm, nsakach types widely used in gamma



spectroscopy and radiation detection, as showngnZ It is limited to sensing ultra-
violet to near infrared wavelengths (170 to 650 nfip. 2 Shows the variation of
guantum efficiency as a function of electromagnetaelengths of a bialkali ETI9266
PMT. where the used PMT is that of the curve (WhWdV glass [8].
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Figure 2. Maximum emission points of various scintillatosypared to quantum
efficiency of a bialkali ETI9266 PMT with (B) Boribgate, (W) UV glass and (Q)
Quartz face plates (Q.E. data courtesy of Eleciapes, Inc.)

Electronic counting connected to the PMT output &eeamplifier and :
formulate linearly=ncamplifying PMT output to a maximum of 10 volts.Aagl to
Digital Converter (ADC) and Time-to-Amplitude Comtexr (TAC) convert an analog
pulse into a digital form which can perform (PHA). This is merely
counting the number of events with a certain phisght. The output of the PHA can
then be stored using either MCA or MCS which issagfuently display the spectrum on
a screen[9].

Flow injection system

Ethylene glycol is a clear, colorless, odorlesitieely non- volatile, viscous liquid.
All chemicals and reagents used were of analyticatles. Distilled water was used for
preparation of all solutions. The antifreeze solutcontaining (50%) of ethylene glycol
was used to prepared (5000)ppm as stoke solutiaaksy(1.0ml) of antifreeze solution
and dissolving it in D.W. The resulting solution smdiluted to (100ml) in a volumetric
flask. Other solutions were prepared by serialtiituof the stock solution [10].



The flow system used for the determination and ¢heninescence (CL) detection of
ethylene glycol (EG), shown schematically in Figs 3Knauer D-14163) with variable
sample volumes. Three peristaltic pumps (Watsorlaw@205u of 8 channels, variable
speed) were used to drive the carrier and the neéagieeams through the flow system.
Each stream was pumped at a constant flow rateg usiicone rubber tubes (0.8 mm
I.D.). A needle valve is used to inject the sam{i& solution) into flowing carrier
streams. At the entrance of the flow cell the reaged lucignine solution are mixed to
produce CL.

The mixing place of the flow cell was considered front of the developed
spectrophotometer detector.The light source whias Wwlocked is positioned either
perpendicular to the cell-detector path, for lighsorption spectrum, or in the same path,
for emission spectra. The flow cell and the lightise are assembled inside a closed
chamber as shown in Fig.4.The light source usedbisie LED (HK-F5050X30-X-X-12)
of peak wavelength 465-470 nm and the spectral wigitid at Full Width at
HalfMaximum (FWHM) 40 nm [11].

work was made by winding the length of a plastibing
(0.8mm 1.D.) to form a coil with about GDvolume, in a way that the reagent and
lucigenine solutions are mixed exactly at the enteaof the cell. FWHM Peak height of
the visible absorbance spectrum was measured fon &% sample concentrations
(varied from 10% to 100%) by MCS.
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Figure 3.The flow injection analysis used for CL determinatof EG
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Figure4.The flow cell and the light source assembled insidésed chamber

Experiment

The flow injection system is prepared for the cHaminescence (CL) absorption
phenomena of ethylene glycol (EG). Each standaltiso is prepared as accurately as
possible in identically the same fashion.The oriffecence between them being is their
(10% - 100%) concentrations. Conditioning of flomjection system (Fig. 3), involved
injection of initial concentration of 0.001mol/Ligenin into the carrier stream (0.5
mol/LNaOH) which was mixed with a combined 15mgAhyene glycol and 0.007
mol/L sodium periodate solution, which are previgusierged and trapped for five
minutes in a reaction coil by stopping a peristaiump. The resulted stream is then
mixed with 0.3 mol/L HO, solution at the entrance of the flow cell. The mgiposition
of the flow cell is fixed inside the chamber in ritoof the detector connected to
fluorescence spectrophotometer system, as in Fig. 4

The Fluorescence Spectroscopy is adjusted for gsarement of the evolution of
the light source emission spectrum with time. Tiki® resolving single photon pulses
selected from a limited time interval which is meésl to theTime Resolved Emission
Spectra (TRES). For this purpose, the availableehbtCD-2E, PC-card MCA with 2-
Input MCS is used.Among all features of this moddl, is a programmable
sweep/memory with range input: 256, 512, 1k... 1&8&nnel and Dwell time input: s
to 160s, Programmable in steps of N X101 ps (N= 1... 16; M= 0... 7).In this
experiment, the MCD-2E is configured as single MQSs dwell time, range 1024
channel, one complete sweep and internal clock [12]

Resultsand Discussion

In the present work ethylene glycol were determibg@ method using Lucigenine —
H,O,-NalO, in basic media as sensitizer. To obtain the optimwalues of
chemiluminescence intensity for the determinatidnE®, all chemical and physical
parameters affecting the flow system were examimbdir values are given in Table 1.



Table 1. Optimum conditions for determination of EG

parameters Optimum value
H202 0.3 mol/L
Periodate concentration 0.007 mol/L
Lucigenin concentration  1.0xEfhol/L

NaOH concentration 0.45 mol/L

Flow-rate 5 ml/min
reaction time (stopped time) 5 min

Reagent volume 30uL

The analytical signal was calculated as sampleubutinus blank (change in CL
intensity 41). As light passes through a sample, its power adsas as some of it is
absorbed. This attenuation of radiation is desdriQeantitatively by Intensity of light
transmitted through the sample solutlerand Intensity of the incident lighd. The more
common unit for expressing the attenuation of ramiiais absorbance or optical density
of the EGA), which defined as:

I
A= —log—T
Iy

Common quantitative analyses to establish the diredationship between absorbance
and analyst’s concentration C is the Beer-Lamiasvt[lL].

It
A =—log—=¢bC
Iy

whereg is the molar absorptivity in ciM ™ and b is the sample’s thickness in cm.

The mean of three injections for each EG conceotratvere used.As the
absorbedintensity peaks obtained are Gaussian, REEDalculatestheir counts by Full
Width at Half Maximum (FWHM) to obtain counts xXTi&ing FWHM at 27 s for all
peaks.

Fig. 5 shows the corresponding bell-like curvetle normal curve fitting, for the
calibration graph obtained for EG by plotting theagh of absorbance A vs. EG
concentration. As the performance characteristiosstmbe or expected, the CL
absorbance increases with increasing EG concesritgdito 50-60% concentration with a
correlation coefficient 0.914. While the absorbadeereases for higher concentration. In
other words, the CL intensity decreases with ireirgpEG concentration up to 60% then
increases for higher concentration. The obtainsdltg are in good agreement with other
previous works [13].

Finally, it is worth mentioning that, to improveetlsystem for other spectrometric
applications, the excitation and emission monoclatommust be designed with plane
gratings for accurate focus at all wavelength anishimum stray light. Such an
improvement will be addressed in a future work
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Summary and Conclusions

The measurement of light absorption is a fundanheaspect of fluorescence
spectroscopy. The developed Light Spectrophotomegietied to the determination of
EG in antifreeze samples shows a good performambe. photocathode, bialkali
ETI9266 PMT used is susceptible to ultra-violeh&ar infrared wavelengths and suitable
for the determination and chemiluminescence (Clea®n.The proposed technique

offers the advantages of simplicity, rapidity, agabd sensitivity for the determination of
EG.

This work
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