CHAPTER 11
THEORETICAL CONSIDERATION

2.1 Oxazole

Oxazoles are a class of five-membered ring, heteroaromatic compounds
isoconjugate with the cyclopentadien 1 anion and derived from this species by

replacing two of the carbons w1 ;\- 1 \1 e atom and an oxygen atom. Oxazoles are

numbered around the ring starting at ' and designated as 1,3-oxazoles
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to indicate the positions 0
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minute impurities can cause significant quenching of fluorescence emission. In

diphenyloxazole fu 1-
of a large number of 2Ed1p :

general, 2,5-diphenyloxazole has been widely prepared by the Fischer synthesis [15]
from the one step reaction between an aryl cyanohydrin and benzadehyde in absolute
ether at 0°C with dry hydrogen chloride.
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Scheme 2.1: Synthesis of 2,5-diphenyloxazole by Fischer synthesis

The reaction always gives 2,5-di

phenyloxazolid-4-one as the main byproduct

together with other heterocycli pound. The yield of this byproduct
amounts to the half of the yi ' optimal conditions, while in the
presence of even traces o drops rapidly with increased
yield of the oxazolid-4-0 mbiguity in that the starting
materials may exchange cramblmg of the phenyl ring
in the product if these

Another method e T ssizing 2,5-diphenyloxazole, is the
condensation of an o-@hi ? stope wil enzoyl halide, followed by
cyclodehydration of the t lérylketone (Robinson-Gabriel

synthesis) [16].
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Scheme 2.2: Synthesis of 2,5-diphenyloxazole by Robinson-Gabriel synthesis

Concentrated sulfuric acid or phosphorus pentachloride is used as dehydrating
agent to affect the ring closure. However, the presence of the dehydrating agent leads
to the formation of byproducts, which are very difficult to remove. Thus this method

is not suitable for obtaining the required purity of scintillator grade oxazoles. Another
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problem with this synthesis is the difficulty of obtaining the starting material, which

often requires several synthetic steps.

In 1963, a modification of the Fischer synthesis [17] using a benzoyl cyanide
instead of cyanohydrin had been developed which yielded 4-chloro-2,5-
diphenyloxazole. This method leads to the oxazoles in high yields (typically twice the
yield of the analogous Fischer method) without the formation of the corresponding

oxazolid-4-ones.
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Doyle et al. [1984 hat diazoearbonyl ompounds react with nitriles

Scheme 2.3:Synthesi
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Eguchxﬁ of oxazoles by an
intramolecular gtgg’ reaction. a-Azndoj(tr)tg1 e initially converted to (Z)-f-
(acylo 5 ﬁ reacted with
tnethy%ﬂh:t gﬁ;ﬁ ﬁmmﬁ ij ﬁﬁﬂ the Staudinger

reaction [19].
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Scheme 2.5: Synthesis of oxazoles by intramolecular Aza-Wittig reaction
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Cunico et al.[1992] had shown that sequential addition of organolithium

reagents and acyl chloride to o-trimethylsilyl acyltrimethylsilane cyanohydrins affords
P-(acyloxy)-N,N-bis(trimethylsilyl) enamines which cyclize to substituted oxazoles
under thermolysis or treatment with trimethylsilyl trifluoromethanesulfonate [20].
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Huang et al. [1996 was used as the nitrogen source

to react with phenacyl"6¢nzg

catalyst [21].

“presence of BF3/Et;O as the

Ph

Scheme 2.7:Synthesis of #rx_r; - amide and phenacyl benzoates

Lee et al. [1 997 d nvefsion of aromatic a-methyl
i | i
ketones to the corrnding 0Xazo by use of L reaction of ketones with

thallium(IIl) triflate (gefierated in situ bysreaction of thallium(Ill) acetate with
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Scheme 2.8: Synthesis of oxazoles from aromatic a-methyl ketones
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Williams ef al. [2000] presented a one-pot protocol for the synthesis of

oxazoles from B-hydroxy amides [23].
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Scheme 2.9: Synthesis of oxazoles from f-hydroxy amides

Lee and Song reporied a dircct ifan€losmation of aromatic ketones into

oxazoles in the pre rcut (Ilwulfonate under microwave

irradiation [24].

Scheme 2.10: 3ynthesis of oxXdzeles from aromatic ketones
Haidind < 2
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Cacchi et a [2 disubstituted oxazoles have been

prepared through the 011 Of Y-propatpyia _';‘. 1 iodides in the presence

of Pdy(dba);, tri(2- fu )phe . r. action appears to proceed

through a palladium-catalyzed coupling step followed by the in situ cyclization of the
¢
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MeCN, 40°C

Scheme 2.11: Synthesis of oxazoles from N-propargylamides

However, preparation of these reactive intermediates is not always
straightforward to carry out because of various limitations involved, such as rare

availability of starting materials, complicated procedures, low yields and harsh



9
reaction conditions. In this research we sought to further delineate the effect of

substituents on benzene rings for the synthesis of several 4-chloro-2,5-
diphenyloxazoles by the modification of the Fischer method. This method provides

chlorine atom at 4 position of oxazole ring, which can react further.
2.3 Photophysical processes in polymers

The study of the photophysics nthetic polymers [26] can be simplified by

considering them to have simi otophysical terms like their small

ted 1

t
than the corresponding triplet state FMolce

unoccupied. The high€st gcatipied rgu otbital and the lowest unoccupied

molecular orbitals arg 1 as ~HOW ,u i LU
. :&b'ﬂ <)

molecule analogues. Thes ntional way with reference to a

ce states, which play dominant roles in the

s, Theyvare.the ground (unexcited) state

. hes
‘--.?‘:\m\: which is higher in energy

“ al ¢an be classified as occupied or

Jablonski state diagram.
photophysical process o

with opposing spin, an

O, respectively. They are
frequently referred to as fgént
S -

2.3.1 Unimolecular pathway -

The absorpti 5370 ec \lés results in the excitation
of m-valence electrons including the additiona xcitatio@)y molecular vibration. The
absorption results in the gremotion of the elggtron from HOMO into LUMO. Only the

0-0 transition ﬂmu bedwegh the fibrdonal Ftbind ‘] ofj the electronic ground

state and electroﬂically excited states, - oy
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I the case of monomers the absorbing or emitting group is without
measurable interaction with neighboring groups. In polymers, the absorbing or
emitting group is either the entire macromolecule or part of it, which might interact
with other parts. Polymers therefore mostly show intense, structureless absorption
bands, which become narrower and show some structure at low temperature.
Absorption processes are graphically presented by using Jablonski state diagram

(Figure 2.2). The energy level indicated corresponds to energy differences.
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excited vibrational states

S / (excited rotational states not shown)
n

— A= ghoton absorption
F = fluorescence (emission)

82 J— P = phosphorescence
S = singlet state
: - T = triplet state

IC = internal conversion
ISC = intersystem crossing

Energy ——»
w
!
|
A
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Fluorescence i s fhe s 7 : emissive transition between
vibrational states of identi ligityas i Jexcitation of singlet to ground
mirror image of the longer
ed to longer wavelengths. The
emission from the longe 3 est emitted wavelength maximum

usually corresponds_to the 'rg?’g ence ' is comparatively fast with

5

lifetimes usually in ’;-,,-_-':::-'—--;“"—':E?‘--—il-ww;?"‘* e relatively short lifetime
of fluorescence, the emiss i a variety of interesting

characteristics of polyffiers.

‘a W
M3 lp P
Phospﬂuﬂ ’3 m Ellnim >missi f radiation between
vibration states of different multiplicity, generallgafrom triplet state to ground state.
e ) R bl 35 b A b s
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longer wavelengths than that of fluorescence. The lifetimes are relativély long, in the

range of 107-10 sec.
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e Nonradiative process

There are two nonradiative processes. Internal conversion denotes a
radiationless transition between two electronic states of the same multiplicity.
Intersystem crossing is a similar radiationless. transition connected with a change in
multiplicity. Radiationless transitions are isoenergetic transitions to a vibrationally

excited lower electronic state, and followed by very rapid vibrational relaxation which

occurs from any vibrational state and, réprgsents a return to the thermal equilibrium of
the vibrational ground state with conic state. This occurs in condensed
systems by energy transfe jonal energy to the surrounding
medium

2.3.2 Bimolecu

In a polymer sy Jimolécular, patt \ encounters will dominate,

leading for example t stem, known as quenching. A

typical bimolecular inte inglet state and gfound state

quenching process are energy trafisierand-e ormation.

Energy trangfer‘is defined as | the donation of .éxgitation energy from one
. o Y

molecule to another*dF ther! One of the most general

forms of electronic enﬂy transfer can be represented b
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intermediacy of a photon. This is known as radiative transfer, sometimes referred to
as trivial process, with sequential emission of fluorescence or phosphorescence from
the donor molecule D*, followed by desorption of the photons by the acceptor

molecule A.
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D¥*———D +hv
A+hv—p A*

Polymer molecules can undergo at least two major types of energy transfer
processes. The first of these involves the transfer of excitation from a small molecule
to a large molecule. For example, the excitation energy originally localized on a small
molecule can be transferred to a large polymer chain. Alternatively, the excitation

er chain can be transferred to a small
| w The intramolecular energy transfer

hing group on one part of the

energy localized on a chromophore 1

molecule, thus quenching a phot
can occur in a number of
chain may react with an afiothei part of the chain to change the

position of the excitatio 3¢ ‘excitationy localized on a sequence of -

g > \.\.‘ to the next by a hopping
mechanism. This process i od griergy ,4 \ \

il

chromophores may be t

e Excimer formgiio N 'E;' 1
-~
Ao
: ohd 1ok : .
Fluorescence is oftel” quénched -by. crease in the solute concentration

(self-quenching or concentratiofi. g

i
A

multaneously, a new structureless
emission band, who seZintensity is | proportio nal to the ¢ eheentration of the solutes,

v X

appears at longer wavefeng sedused by the fluorescence
of a bimolecular enti EII definite stoichiomctry (usually 1:1) that results from the
collision of a moF}icule in thesaround state wifh/another molecule in the excited state.

TUHTNENI WIS

M +M* —»MM* 'Y,
YWIANNIUNRTINENAE
THe bimolecular entity mentioned above is a stable species. If it is only stable
in only the excited state, and if, after transition to the ground state, it dissociates into
its components, it is an excimer (excited dimer), assuming the two interacting
components are identical. If they are different, an exciplex (excited complex) is
formed. It is assumed that excimers and exciplexes are stabilized by transfer of the

energy, with exciplexes stabilized by charge transfer as well.
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2.3.3 Quantum yield

When a fluorophore absorbs a photon of light, an energetically excited state is
formed. The fate of this species is varied, depending upon the exact nature of the
fluorophore and its surroundings, but the end result is deactivation (loss of energy)
and return to the ground state. The main deactivation processes, which occur, are
fluorescence (loss of energy by emission of a photon), internal conversion and

vibration relaxation (non-radiative los ergy as heat to the surroundings), and

intersystem crossing to the trip equent non-radiative deactivation.

The fluorescence guantiini-yi ). 1s~the ratio of photons absorbed to

photons emitted througlisfifiozes L \In oOther"'words the quantum yield gives
the probability of the ¢ _ .\ yufluorescence rather than by
another, non-radiative mgé (e quantum .\K-_ es from 0 to 1.

The most reliabl¢ é ng ¢ comparative method, which

ples with known ¢¢ values.
Essentially, solutions of the Sta da5Eand 1 ple l with identical absorbance at the
same excitation wavelength, eatibe-assume e_absorbing the same number of
photons. Hence, a "-";:,-u-v-----------------f.ur-u-----s-a.--.f,- e intensities of the two

solutions (recorded " Tlf' the ratio of the quantum

yield values. Since ¢¢ for the standard sample is known,

B INENTNYINT
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T?le gradients of the graphs are proportional to the quantum yield of the

is trivial to calculate the ¢¢

different samples. Absolute values are calculated using the standard samples which
have a fixed and known fluorescence quantum yield value, according to the following

equation.

0« = ost (Grady) n,?
(Gradsr) TIST2
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Where the subscripts ST and X denote standard and test respectively, ¢ is the

fluorescence quantum yield, Grad is the gradient from the plot of integrated

fluorescence intensity vs. absorbance and 7 is the refractive index of the solvent.

2.4 Thermal properties of polymers

2.4.1 Polymer glass transition

In the study of polym ions, it is important to understand
the concept of the glass [28]. As the temperature of a
polymer drops below ingly brittle manner. As the
temperature rises ab more rubber-like. Thus,
knowledge of Tg is es s, for various applications. In

define the domain of elastomers

and values above room te ‘ , : S \.\ polymers.

‘This behavior ¢ \ structure of glassy materials,
which are formed typically by nees'e ing long chains, networks of linked
atoms or those that possess a arplex e 1 tructure. Normally such materials

have a high viscosity i the liguid state. When rapid € oling occurs to a temperature at
which the crystalline fate 7 S £ ¢, molecular movement is
too sluggish or the geémetry too awkward to take ua crystalline conformation.
Therefore the ﬁﬂm f_th UId persists down to
temperatures gﬁ ﬂﬁmﬁ fl 1 is considered to be
solid. The term glassy has come to Be synonymoys, with a persistgnt non-equilibrium

state. lﬂaﬁatﬂ)ﬂﬁ@m&eﬁgﬂm’ghw&qabﬂ

To become more quantitative about the characterization of the liquid-glass
transition phenomenon and Tg, it should be noted that in cooling an amorphous
material from the liquid state, there is no abrupt change in volume such as occurs in
the case of cooling of a crystalline material through its freezing point, Tf. Instead, at
the glass transition temperature, Tg, there is a change in slope of the curve of specific

volume vs. temperature, moving from a low value in the glassy state to a higher value
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in the rubbery state over a range of temperatures. This comparison between a

crystalline material (1) and an amorphous material (2) is illustrated in Figure 2.3.

Note that the intersections of the two straight-line segments of curve (2) define the

quantity 7g.
Liquid, @
2 Rubbery / /
;::7 St m. gy -
&
Figure.3: emperature
The determinatiogd” of " materials, including polymers as
~ mentioned above, by dilatgmefr C 2 b other methods) are found to
be rate dependent. This iS sghema *"E yidlistrate ~‘ in Figure 2.4, again representing

an amorphous polymer, where E’ Tg>, is obtained with a substantially

higher cooling rate than fo
X
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Figure 2.4: Tg for amorphous polymer

We can understand this rate dependence in terms of intermolecular relaxation
processes. Since a glass is not an equilibrium phase, its properties will exhibit a time
dependence, or physical aging. The primary portion of the relaxation behavior
governing the glass transition in polymers can be related to their tangled chain
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structure where cooperative molecular motion is required for internal readjustments.

At temperatures well above Tg, 10 to 50 repeat units of the polymer backbone are
relatively free to move in cooperative thermal motion to provide conformational
rearrangement of the backbone. Below Tg, the motion of these individual chains
segments becomes frozen with only small-scale molecular motion remaining,
involving individual or small groups of atoms. Thus a rapid cooling rate or "quench"

takes rubbery material into glassy behavior at higher temperatures (higher 7g).

"y differential scanning calorimeter

(DSC). In this instrument, w mt a small (10 — 20 mg) sample is

Measurements of 7g

measured as the sample is ic nl near temperature change.

In differential Sc al properties of a sample are

compared against a has no transition in the

temperature range of inte ,J‘ wdere i alumina. Each is contained in a small

L

U
: ¢ = &/
YRIRATTURIR VI TRE"
9

The temperature of each holder is monitored by a thermocouple and heat can
be supplied electrically to each holder to keep the temperature of the two equal. A plot
of the difference in energy supplied to the sample against the average temperature, as
the latter is slowly increased through one or more thermal transitions of the sample

yields important information about the transition, such as latent heat or a relatively

abrupt change in heat capacity.
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The glass transition process is illustrated in the figure below for a glassy

polymer, which does not crystallize and is being slowly heated from below Tg.

<«— Endotherm

Here, the drop resents the increase in energy

supplied to the sample perature as the reference

material, due to the relati capacity of the sample as its

\
temperature is raised thro@gh#7 g - J1he 2 eal energy corresponds to this
endothermal direction.

A melting process i3/ for the case of a highly crystalline

polymer, which is slowly heate a1 ing temperature.

175
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Flgure 2 7 A melting process

Again, as the melting temperature is reached, an endothermal peak appears
because heat must be preferentially added to the sample to continue this essentially
constant temperature procesé. The peak breadth is primarily related to the size and -
degree of perfection of the polymer crystals.
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Note that if the process were reversed so that the samples were being cooled

from the melt, the plot would be inverted. In that case, as both are being cooled by
ambient conditions, even less heat would need to be supplied to the sample than to the
reference material, in order that crystals can form. This corresponds to an exothermal

process.

Use of the DSC will be illustrated again in the section on liquid crystals in

connection with the identification of their phase transitions. An interesting exercise

for the reader would be to predict the g of a DSC plot for a semicrystalline -
polymer, which has been rapidly-quenche elt to a temperature below 7g.

In the DSC plot, assume the

ncreased from this value below 7g
anitiicreases in the chain mobility as

temperatures above 7g aggfreaehgfyso that soi &, eryst lization can begin, well before

The magnitude of ¥g Naries over ide" temperature range for different

polymers. As Tg depends largely on 1 of thermal energy required to keep

the polymer chain (mbvit : } ect rotation about chain

N

0

Chain flexibilitys' Fhe flexibility @f the chain is undoubtedly the most

important factﬂnue&lng'm E]aw:ﬁrwﬂ quﬂ @a chain to rotate about

the constituent ﬂain bonds, hence a‘ﬂexible chaig.l:as alow Tg \»ﬁgreas a rigid chain

s QI VGBI Y| R o e

the chaifi by impeding rotation, so that more thermal energy is required to set the

links, will also influénée

chain in motion.

Steric effects: The steric effects arise when bulky pendant groups hinder the
rotation about the backbone and cause Tg to increase. The effect is accentuated by
increasing the size of the side group. Superimposed on size factor are the effects of

polarity and the intrinsic flexibility of the pendant group itself. An increase in the
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lateral forces in the bulk state will hinder molecular motion and increase 7g. Thus

polar groups tend to encourage a higher Tg than non-polar groups of similar size.

Configurational effect: Cis-trans isomerism in polydienes and tactility

variations in certain o-methyl substituted polymers alter chain flexibility and affect

Tg.

Effect of crosslinks on Tg: When ggosslinks are introduced into a polymer, the
density of the sample is increas | pte y. As the density increases, the
molecular motion in the s d. For a high crosslink density
the transition is broad and il values, 7g is found to increase

Cyclic voltam is, fHe sed technique for acquiring
qualitative information o ion. The power of cyclic

voltammetry results from 1 ity o rapidl idé considerable information on the

voltammetry is ofte V :
particular, it offers a mid locatio ' potential@f the electroactive species,
and convenient evaluatiof ofithe effect of media upon the redox process.

AULINYNINEING

Cyclic vmtammetry consists of scanning }gearly the poteagal of a stationary
woﬁnn&%%&@ﬂ%oﬂ%ﬂ}ﬁ} Wﬂtial waveform
(Figure 2.8). In this figure it is assumed that only the reduced form of the species is
initially present. Thus, a positive potential scan is chosen for the first half cycle during
which an anodic current is observed. Because the solution is quiescent, the product
generated during the forward scan is available at the surface of the electrode for the
reverse scan resulting in a cathodic current. Complex waveform composed of two
isosceles ‘triangles. The voltage is first held at the initial potential where no

electrolysis occurs and hence no faradaic current flows. As the voltage is scanned in
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the positive direction, so the reduced compound is oxidized at the electrode surface.

At a particular set value, the scan direction is reversed and the material that was
oxidized in the outward excursion is then reduced. Once the voltage is returned to the
initial value, the experiment can be terminated. In this figure however a further
voltage excursion takes place to more negative (more reducing) values. This may be
useful in probing for other species present in the sample or for investigating any

electroactive products formed as a result of the first voltage excursion. .

Figure 2.8: Potential voltammetric experiment

AAEEs - s
The basic shape of the ¢ ar t{;}eg ,-b for a cyclic voltammetry experiment is
shown in Figure 2,9.3At the sta (
the reduced form o V 'als lower than the redox
potential, i.e. the initimmtentia s € convermm of R into O, the oxidized
form (point A). As the fedox potential is approached, there is a net anodic current,

which increasﬂungi% %W@ wlﬁ %@ into O, concentration

gradients are seﬂup for both R and Q, and diffusi'gn occurs down these concentration

gradie@. wqaadq ;ﬂﬁmum@ﬂlﬂqaﬁ&]ly positive that

any R tHat reaches the electrode surface is instantaneously oxidized to O. Therefore,

e/bulk solution contains only

the current now depends upon the rate of mass transfer to the electrode surface and so
the time dependence is qt resulting in any asymmetric peak shape. Upon reversal of
the scan (point C), the current continues to decay with a qt until the potential nears the
redox potential. At this point, a net reduction of O to R occurs which causes a

cathodic current, which eventually produces a peak shape response (point D).
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If a redox sy threughout the potential scan, the
electrochemical reactio . words, equilibrium requires
that the surface concent Reare mair ,, d at the values required by the
Nernst equation. The situafion ;_ff-ws t hen the redox reaction is not

reversible, when chemical reactions .

-3CHONS ed to the redox process or when

adsorption of either redc
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Electrochemical cell aE electrodes usea yclic volta etry experiments

o AN DI N AR vt o on

electrolyte. Anq"electrode may be‘considered to be an inteUe at which the

AT 1A T Ay of s

and ioni¢ movement of ions. An electrolyte is a medium through which charge

transfer can take place by the movement of ions.
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In a cell used for electroanalytical measurements there are always three

electrode functions (Figure 2.10). The first of the three electrodes is the indicating
electrode also known as the working electrode. This is the electrode at which the
electrochemical phenomena being investigated take place. The second functional
electrode is the reference electrode. This is the electrode whose potential is constant
enough that it can be taken as the reference standard against which the potentials of
the other electrodes present in the cell can be measured. The final functional electrode

is the counter or auxiliary electrode, whigch serves as a source or sinks for electrons so

that current can be passed from it through the cell. In general, neither

its true potential nor curre

Flgure 2.10: Ele»trochemlcal cell anﬁelectrodes

2.6 Electrospﬂy EJ ’J qn EJ ‘ﬂj w EJ’] ﬂ ‘j
o kit 3 tu,,umgmmyﬂ sanofibers i

shown i m Figure 2.11. There are basically three components to fulfill the process: a
high voltage supplier, a capillary tube with a pipette or needle of small diameter, and
a metal collecting screen. In the electrospinning process a high voltage is used to
create an electrically charged jet of polymer solution or melt out of the pipette. Before
reaching the collecting screen, the solution jet evaporates or solidified, and is
collected as an interconnected web of small fibers. One electrode is placed into the

spinning solution/melt and the other attached to the collector. In most cases, the
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collector is simply grounded. The electric field is subjected to the end of the capillary

tube that contains the solution fluid held by its surface tension. This induces a charge
on the surface of the liquid. Mutual charge repulsion and the concentration of the
surface charges to the counter electrode cause a force directly opposite to the surface
tension. As the intensity of the electric field is increased, the hemispherical surface of
the fluid at the tip of the capillary tube elongates to form a conical shape known as the
Taylor cone. Further increasing the electric field, a critical value is attained with

which the repulsive electrostatic force

jet of the fluid is ejected fro

comes the surface tension and the charged
!7 lor cone. The discharged polymer

solution jet undergoes an i rocess, which allows the jet to
become very long and ent_evaporates, leaving behind a
charged polymer fiber. | Ifing he disc harged jet solidifies when it travels

in the air.
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Figure2 g process

Many ﬁaﬁﬁtﬁ ﬂ ﬂiﬁﬁﬂl lymer solutions into
nanofibers th uﬂc et ﬂ\ de (a) the solution

properties such as viscosity, elasticity, conduetivity, and surface tension, (b)
govem‘%w ’1’@ ﬂ‘)ﬂagl’m%%lq %ﬂ E}l:qaalaﬂ tube, electric
potentxalqat the capillary tip, and the gap (distance between the tip and the collecting
screen), and (c) ambient parameters such as solution temperature, humidity, and air

velocity in the electrospinning chamber.

As long as a polymer can be electrospun into nanofibers, ideal targets would
be in that: (1) the diameters of the fibers are consistent and controllable, (2) the fiber

surface is defect-free or defect-controllable, and (3) continuous single nanofibers be
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collectable. However, researches so far have shown that their three targets are by no

means easily achievable.
2.7 Scintillator

Scintillation counting [31] is a method of counting flashes of light emitted by
fluorescent molecules when impacted by ionizing radiation, in order to establish the

presence or amount of radloacthty { lifetime of the light emission should be

shorter than the frequency of i e particles with the scintillation
molecules, since the accuracy*ef sei 1s controlled by the relaxation
time of the electrons fro CIL eXCl 2 chnique is used in medical or

biological laboratories, ep onie ence, nuelear_physics, and in many other

¢ event comprising of the

.\

ccules as well as in formation of

rticle in the scintillator, this

secondary free electrons whi€h, - ; pization and excitation; (2) transfer of
ary AL cals

energy from excited or ionized WS‘ inescence centers (molecules, ions, or
more complex entities); ion light by the luminescence

centers. Y gl Y |

Scintillators are employed in scintiljation counters to detect various types of

rdistion. A et 1) P89 VE T B R Gon cetecto, a sensor

(usually a phot(mlultlpher tube comécrtmg the llght flashes into electrlcal 1mpulses)

L AR T TN L

of the ionizing flux density an sequently, particle energy.

radioactive solvent fluor photomultiplier
molecule ﬂ molecule molecule hv tube

Figure 2.12: The photomultiplier/scintillation counter system
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The requirements for scintillators vary, depending on their application.

Measurement of small radiation fluxes calls for scintillators of a large surface area or
volume, preferably as transparent to their own emission as possible. To measure
weakly absorbable (indirectly ionizing) radiation the scintillator should be a strong
absorber of the incident particles and have a large volume. Those scintillators used to
measure strong fluxes and those intended for use as time marker (to register the
passage of particles) should produce the shortest light flashes possible. In some cases,

scintillators must be selective that is it detection of two (or more) types of

radiation. In any event, their scintillation y must be as high as possible. High
scintillation efficiency facilitates, £ ction of low-energy radiation

Organic scintilla . of single crystals, luminophore
solutions in organic sol c solid solutions in plastics
(plastic scintillator). a scintillators (scintillating
‘ : IE.(_: : | \ prod.uce impulses of low.er
amplitude, and have a pogfer er& esolution. At theé same time, they have the big
advantage of producing lightflgs s horteryduration (ca. 107 s), as compared to
those produced by inorganic S¢ fa . 'siand more seconds). Organic near

the maximum of the Spe Widely used photomultiplier

A large category’ of practical orgapic scintillators is based on organic

molecules witlﬂr% By plopekties Jwhidhfeive Ed iGhwhat is known as a 7-

electron structury The n-electronic energy levels of such a molecv are illustrated in

o TR B G AR e o

the energy spacing between Sg and S is 3 or 4 eV, whereas spacing between hlgher-

tubes, this is why such.a

lying state is usually somewhat smaller.

All this accounts for the great importance gained by organic scintillators in
nuclear and space research, in geological prospecting, in biology, in medicine, and in
other applications, primarily in the detection of low-energy beta particles. Owing to

their high content of hydrogen atoms, they are highly effective in detecting the fast
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neutrons which knock out the protons responsible for light flashes. Addition of some

organo-elemental substances to scintillators results in nuclear reactions triggered by

the incident slow neutrons, which are also accompanied by scintillation.
Organic scintillators permit one to measure the decay times of unstable

particles and to study the radiation of short-lived isotopes. They can be used, although

less effectively, to detect alpha particles, heavy ions, and gamma and X rays.

.

illators i fan in the best crystal ones, yet

2.7.1 Liquid scintillator:

The efficiency of

it may be as high as 6 ( the scintillation efficiency of

anthracene single crystals . umber of advantages, which

make them usetul in vario y where crystal scintillators cannot

N
.1\\\\

be used.

The best liquid sci Z \ byia short flash duration which is
(3-5) x 10” s and less; the #fans are acy (0 . oWh emission is greater than in the
necessary and easily given an) - S| 10 espond with that of the detector; the
source of radiation “gar nodated hegdetector. By introducing

githeir concentration one can

y
Liquid ﬁn%lé {?a %%ﬁéfw %G] ﬂ %stic ones. The cost of

scintillating solfition is determined By that of the solvent (base) and luminophores
o e/
o

(activaﬂ iff ogq @ﬂﬁ ;E ig m dlﬂmw‘ﬁ ta particles,
gamma and neutron radiation, and triti n Vari cts, including

biological substrates. Liquid scintillators are sometimes instrumental in measuring

appropriate luminopldi
drastically change the ﬂ\tilla v

low-level gamma activity in living organisms. The possibility of extending the surface

area of liquid scintillators is of great importance in cosmic radiation measurements.
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2.7.2 Plastic scintillators

Plastic scintillators respresent a complex system composed of a polymer
(polymer base) and an organic luminescent compound (luminescent additive). The

main characteristics of plastic scintillators are their scintillation efficiency and light

yield.

The scintillation efficiency, ofja polymeric compound depends on the
properties of both the lumingseent ad d the polymer base. The use of
polymers in scintillation -compeunds i by their ability to convert
electronically excited ene » gy which happens because of the presence

of the -conjugated S) also by the transmission by

d radiation of the luminescent

additives
The main requif€mef n o8 0 mneseent additives are high quantum
yield and maximum overlag of J 8 SOTpti d' luminescence spectra of the

polymer base. To increase t ole system, another luminescent

additive, the spectrum mixer, is polymeric scintillation compound as
a result of which the-efficiency of light flash r 2cording by) the photomultiplier tube

also increases.

””W““ﬁﬁ%wswaﬂni

In the ﬁrs step of the scintillation process.the beta pamclﬁsxcues the solvent

molecﬂW']ﬂﬁﬂ‘iﬂJ HNR1INETRE

- o+ S——FS
¥4+ § ——m» S+S*
1 2 1 2
S§+f+—Ff*"'Sn

where: (B-) = energy of B
S = Solvent

* = excited state
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In the second step of the scintillation process the excited solvent molecule

transfers its energy to neighboring solvent molecules. This process continues until an
excited solvent molecule transmits its energy to a fluor molecule, which is raised to a
higher energy state. When the fluor returns to its ground state, it emits a photon of
light (hv) at lower energy (longer wavelength) than it received. This radiation is
detected by a photomultiplier tube and measured. A second fluor may be incorporated
in the cocktail to shift the wavelength of light to a region in which the photomultiplier

tube is more sensitive. Light flashe the cocktail in the counting vial are

detected and measured by th e and associated electronics. The

total number of atoms of hich spontaneously decay in a
unit time is the absolute “‘"‘E!Ta_ expressed as disintegrations
per minute DPM. Bec ment, mainly substance in the

cocktail, interfere with d above, not ever disintegration

is detected by the phot ‘tube~Since \ ts per minute are always a

fraction of the actual ency of the LS Counting is

expressed as shown:

J 0 manners:
1. Quenching due to cherfiieal or physical ingerference with the energy transmitted

from the ﬂpﬂlﬂ‘%fgs%‘w‘&l NINEINT

a) When ¢ emlcal agents compete with the scintillant mglecules during the
gpe gls

FITRSRIOSY AU e o on

éhergy is absorbed by an interfering substance and is dissipated as heat. Strong

Quenching [32] rede V

quenching agents include ketones, tertiary amines, thiols, iodides, oxygen,
nitrosylated alkanes, and water.

b) Analogous to chemical quenching, dilutional quenching prevents emitted
energy from reaching and exciting the scintillant in solution. This typically
occurs due to the diluting effect of aliphatic ether, esters, and alcohols on

scintillation fluors.
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¢) Lastly, physical quenching can reduce count efficiencies through self-

absorption or surface adsorption.

Self-absorption is more pronounced with weak emitters such as 3H and
occurs when the radiolabeled material is incompletely dissolved or precipitate,
resulting in a non-homogeneous mixture. In such a state, the weak energy is
more likely in these cases to be absorbed by the compound itself rather than
reaching solvent scintillant.

Surface adsorption r efficiencies by changing count conditions

form 4n to 2m counti eously dissolved, a radiolabelled

compound is surro id scintillation fluid, such that the
J

solid angle subt : e Surface s 4m. When adsorbed to other

solid molecule & s0lid sutface of the Vialgthe radiolabel surface is only

: \ solid angel of 2z. In 2n

in contact wit

counting, only P-énersy is transmitted to the scintillation fluor, thus

2. Quenching due to interferghce \IE rransmiission of light from the scintillator to the

. - 7 ol |
counter’s photomultiplier t e.r 2

reducing counting

. Y X
a) Chemically, color quenching "1,.1”-'- , plored compounds are present in
the sample and-absorb or scat ssorb or scatter some of the Bight itted by the scintillator.
Most colored eomp "t}]’ a, which overlap, to some

extent with that of common scintillators. Red “Solution is the strongest and

most ‘ﬁr' uwg\ include heme-containing
compo@.uul nﬂﬂ(ﬁ ’Th %

b) Physically, the composition ©f the liquidsseintillation viakié not as critical as
CF e RHEIND ek b F TR

reduce counting efficiencies of weaker emitters by a few percent as compared

to clear glass, this impairment is typically improved by inclusion of secondary

scintillators present in many common scintillation fluids.
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