CHAPTER 1V

RESULTS AND DISCUSSION
Part A: Preparation of free-radical polymers

To obtain the desired polymers with covalently bound 4-chloro-2,5-

diphenyloxazole moieties, the appropriate monomers were first synthesized. The 4-

chloro-2,5 dnphenyloxazole moie a_part of polymeric backbone as
demonstrated in Case a. The & di | i s polymer relies on condensation
The second method consi (ﬁem to the polymeric skeleton
(Case b) using free radi \ , was used as polymenc skeleton in

Oxazole Unit

7
'n%xazole derivatives

WE [ mers for polymers
containing 4- :lﬁ g gj):?:xlxazole moieties in the snfelgms and di-substituted
conden ﬂ( 4-chloro-2,5-
dipm@mamﬁmuﬁﬁ’ﬁm e rom e

corresponding benzoyl cyanide and benzadehyde.
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4.1 Synthesis of benzoyl cyanide derivatives
Three benzoyl cyanides were synthesized from the corresponding acid
chloride and cuprous cyanide. Acid chlorides react with a cyanide ion through the
addition-elimination mechanism of nucleophilic acyl substitution as shown in Scheme
4.1. Due to the high reactivity of the acid chloride, anhydrous condition is required.

Thus cuprous cyanide and acetonitrile must be dried before use.

i

0
)CI AR A
LI/ _
) S ™+ a
R CN st \f g

The reactivity of thgfacid:chlaride. eophilic attack depends on its
structure and the attacki ik The tuents at the para position of the
berizoyl chloride, thus, affe I; s i{ e electron-withdrawing group, NO,,
by 7

enhanced the reactivi from the carbonyl carbon via

a resonance effect, L #ds more easily attacked by
the cyanide ion. Produe: '4_&[:_"‘ able 4.1). Fluorine is also

strongiy electronegative, withdrawing electron density ffom a benzene ring through
an inductive effectyT ‘aj\ 7 ui £ NO, as the yield of
[1a] was SS%E:IJ: h mﬂml t‘ﬂfﬂﬂﬁﬁh group retarded the
reactivi ating electrons to fhe carbonyl&arbon through @/resonance effect.
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Table 4.1: Percentage yield of benzoyl cyanide derivatives

Compound Substituent % Yield
[1a] F 85
[1b] OCH; 50
[lc] NO, 90
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4-Fluorobenzoyl cyanide [1a]: FT-IR data shows the red shift of the carbonyl

absorption from 1780 cm’' of benzoyl chloride to about 1685 cm™ of benzoyl cyanide
derivatives. While the disappearance of the C-Cl at 1175 cm™ in concomitant with the
appearance of cyanide at 2222 cm™ was observed. The 'H NMR spectrum of 4-
fluorobenzoyl cyanide in chloroform-d exhibits the chemical shifts of aromatic
protons at 8.22-8.25 and 7.31-7.35 ppm with correct integration ratios. It was clearly
revealed by the appearance of the 13C signal at 117.8 ppm, which is the characteristic

signal for a nitrile carbon. The mass spegtgum of this compound contained m/z peak

corresponding to the calculated moleet
.\:\\

shows the loss of nitrile grg | D (m/z

f 149. The fragmentation pathway
enyl radical formation (m/z =
78). The 4-fluorobenzoyl cya eshas also bee 2] -d by elemental analysis. The
percent found elementa dtched with ‘the percent-calculated elemental

composition. According t@fthe atd, it-eould be eoneluded that the product was 4-

0
+
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R R m/z. 78
Scheme 4.2 nide derivatives

4-Methoxybenm'l cyamide [1b]: The spectrosic data of this compound

reveals severadaracten‘tnbands in addition to those of 4-fluorobenzoyl cyanide.

From FT-1R, by sshabing  Ypigied § P2 b . iich s hiher than -

fluorobenzoyl ¢ 1de 1689 cm™, due to resonance stablhzatl% of the methoxy
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The 'H NMR spectrum of 4-methoxybenzoyl cyanide contains the expected features
such as the C-H resonances associated with the phenyl ring between & = 8.13-8.15 and
& = 7.07-7.09 ppm. The methoxy protons are found at & = 3.98 ppm. The 3C NMR
spectrum reveals a characteristic nitrile signal at 114.6 ppm and methoxy signal at 56
ppm. The mass spectrum of this compound contained m/z peaks corresponding to the
calculated molecular weight of 161. The percent found elemental CHN is matched
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with the percent-calculated elemental composition. According to these data, it could

be concluded that the product was 4-methoxybenzoyl cyanide.

4-Nitrobenzoyl cyanide [1¢]: The spectrum of this compound reveals several
characteristic bands in addition to those seen for 4-fluorobenzoyl cyanide, as noted
above. From FT-IR, the 1350 cm™ band has been assigned to C-N stretch. The 'H
NMR spectrum of 4-nitrobenzoyl cyanide contains the down field signal of the C-H

resonances associated with the phen between & = 8.28-8.40 ppm due to

deshielding effect of the nitro g p. The MR spectrum reveals a characteristic

nitrile signal at 112.3 ppm. <& . 1as fiof thisscompound contained m/z peaks
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4.2 Preparation of 4-chloro-5-phenyl-2-(4’-vinylphenyl)oxazole

After the benzoyl cyanide derivatives were obtained, the next step was to
design and  synthesize  4-chloro-2,5-diphenyloxazole functionalized  with
polymerizable groups. The design of the functionalized monomers had to fulfill a
number of important criteria. The designed monomer had to function effectively as a
scintillant molecule and be readily polymerized. To ensure that the designed

monomers were able to scintillate, t eypware based upon PPO, which is a well-known

scintillating molecuie. It was expe molecule containing this oxazole

moiety should retain the abilid ifferent types of PPO monomers
were designed. For the figs vyl ro PS; _ ich eould be polymerized by free-
radical techniques, wez u yloxazoles. For the second
one, 2 fluorine substi 0-2,5-diphenyloxazole. These

. il Qi) h 5
’ ine substigadfi / et \
monomers were 1o bedpo sation polymerization involving

aromatic nucleophilic subgfitugon'o! @,\\

miﬂ i

The vinyl funconalized, ,#;, 6NOL & "‘ ~o-5-phenyl-2-(4’ivinylphenyl)
oxazole was prepared in three .-’f’f,. Sch 4.3) starting from benzoyl cyanide.

First, benzoyl cyanide was_reatted nzaldehyde in acidic condition to

yield 4-chloro-2-(4"sgthi¢dphenvhl-5-phenvloxazele 121 tndhe next step, the 4-chloro-
)

2- (4'-ethylphenyl)-5~p Ny V ’ﬂ omosuccinimide (NBS) in

CCly to obtain 2- 4'-( - romoethyl) -phenyl]-4-chloro-5-phenyloxazcle [3]. Finally, 4-

chloro-5- phenﬁﬂﬂﬁeﬂ)ﬂﬁ%bﬂ ﬁlg dehydrobromination

reaction.
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4-Chloro-2-(4'-cth was obtained from the
aldehyde in THF saturated
eld was 65%. A possible

e 4.11.

cyclization reaction of 4 : \\\Q\\
with hydrogen chlcride ' ,\ \
mechanism for this cycvlz' o o @- \

mid
__ | o }'

The FT-IR spectrum ofthis ¢ ,m‘.:..’f d sho 8 absorption peak at 1580 cm™,
which was assigned to the Vibrai oxazole ring system. The 'H NMR

spectrum in chloroform-d exhibi ic ethyl triplet at 1.24-1.29 (J =7.5

Hz) ppm couple wi .f--------—--——f—;-———ﬁ—,,—--~ ¥ppm due to the —-CHj3 and
—CHs,- of the ethyl V!

(5H) and 7.50-7.30 (4F 5! The C

ie*proton appear at 7.90-8.00

VIR exhibits signa of ethyl carbon at 28.8 and

ﬂUﬂ?“ﬂﬂ'ﬂiWEﬂﬂ‘i

The brommatlon of 4-chlore#2-(4-ethylphenyl)-5-phenyloxazole was carried

ou L TERG o R A SR Bforomoc

phenyl]-,-chloro-S-phenyloxazole [3] as a yellow solid in 72% yield. The

15.5 ppm.

mechanism involves a chain reaction. Benzylic hydrogens are easily to remove
because benzylic free radical, which i1s formed, is more stable owing to resonance
stabilization. Thus, benzylic hydrogens can be selectively removed. The product

mixtures generally do not occur.
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'H NMR spectrum shows the -CHBr- peak at 5.23 (q, J =6.9 Hz) and a -CH3

peak at 2.07 (d, J =6.9 Hz) ppm. The *C NMR exhibits signals of -CH; and -CHB:-
at 26.4 and 48.2 ppm.

The 4-chloro-5-phenyl-2-(4'-vinylphenyl)oxazole [4] was prepared by
dehydrobromination reaction. 'H NMR of this compound showed a quartet centered at
6.74 for the —CH= and 5.86 and 5.36 ppm for the =CH, trans and cis protons,

_-E.
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4.3 Synthesis of [4-(4'-chloro-5'-phenyloxazol-2'-yl)phenyl|methyl methacrylate

derivatives

The [4-(4'-chloro-5'-phenyloxazol-2'-yl)phenyl]jmethyl methacrylate derivatives
were prepared by a three-steps reaction (Scheme 4.4). The synthetic route first started
from the preparation of 4-(4'-chloro-5'-phenyloxazol-2'-yl)benzaldehyde derivatives
by using modification of Fischer synthesis, which is the most efficient method due to

the high yield and lack of by-produe en, the aldehyde group was reduced to

alcohol by using sodium borohydride. Fine tais alcohol was reacted with methyl

0 ¢ des é order to study the effect of
substituent group eith Y aiting ~of “eleetton withdrawing group was
introduced at the para p 0 ' & ring:

::::;:1 t: :@ﬁ gnﬁ;ﬂ g«wq%’w ﬁgﬂ fT‘;aLz'-yl)phenyl]methyl
& mmmmuma IETYSY TR

benzaldehyde [Sa-d]

4-(4'-Chioro-5'-phenyloxazol-2'-yl)benzaldehyde ~ derivatives have been
obtained from the cyclization reaction of benzoyl cyanide derivative reacting with
terephthaldehyde and saturated with hydrogen chloride in one-step reaction. The
reaction yield is ranging from 50-75% as summarized in Table 4.2. The result is

obviously indicative that the electron-withdrawing group, NO, enhances the reaction
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yield comparing with other substituent. While the electron donating, OCH3, retards

the reaction yield. The possible mechanism of this cyclization reaction is shown in

Scheme 4.11.

Table 4.2: Percentage yield of 4-(4'-chloro-5'-phenyloxazol-2'-yl)benzaldehyde

derivatives
Compound Substituent % Yield
[5a] 73
[5b] 60
[5c] 50
[5d 75

4-(4'-Chloro-5; [5a]: From FT-IR

NS

spectrum, the absorptio@afpe a'2223,cm” was disappeared. The
. N

absorption bands at 2834 and _cm'l corresponding to CHO
stretching, C=0 stretchingfC#C-a omatic sh hi g and C-Cl stretching, respectively
were observed. The absorptionfba .?’»i" ! is the haracteristic of the -NCO ring.
The 'H-NMR spectrum o th"’"’ ibited the characteristic proton of
aldehyde at 10.00 ppm. The chemical s ifis Db the aromatic protons appear at 8.00-
8.23 and 7.44-7.56 -f?'—___:-:‘ at 5 = 8.22-8.23 ppm
is attributed to proton agjac e-gown field signal of the C-H

resonances associated w1t}1 the phenyl ring is due to deshielding effect of the aldehyde
group. In the | At 7 7 i o carbonyl carbon of
aldehyde, the ﬂﬂﬂg 3?1 ﬂﬁjm ﬁ m‘iﬁc oxazole peaks and
the pe he.regi 1 ﬁij i bo, omatic phenyl
ring. ﬁﬁmyﬁ.ﬁ tﬁ i l%lﬁﬁﬁﬁﬁlﬁ ared. The mass
spectrumqof 4-(4'-chloro-5'-phenyl-oxazol-2'-yl)-benzaldehyde contained m/z peak of
284 corresponding to the calculated molecular weight and characteristic relative
abundance peak of chlorine at M+2 peak of 286 approximately one-third the intensity
of the molecular ion peak because of the presence of a molecular ion containing the
3C1 isotope. Scheme 4.5 showed the fragmentation pathways. The majority of

oxazoles follow the main ring-cleavage fragmentation pattern of unsubstituted

oxazole, radical formation, and cleavage of the C-O bond and loss of CO followed by
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loss of HCN or nitrile. This compound has also been proved by elemental analysis.

The percent found amount of C, H and N was matched to the percent-calculated
elemental composition. According to these data, it could be concluded that the
product was 4-(4'-chloro-5'-phenyloxazol-2'-yl)benzaldehyde.
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Scheme 4.5: Fragmentation pathways of 4-(4'-chloro-5'-phenyloxazol-2'-yl)benzaldehyde
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4-[4'-Chloro-5'-(4-fluorophenyl)oxazol-2'-yl]benzaldehyde [Sb]: The spectrum

of this compound reveals several characteristic bands in addition to those seen for 4-
(4'-chloro-5'-phenyloxazol-2'-yl)benzaldehyde, as noted above. From FT-IR, the
carbonyl stretch is centered at 1699 cm’’, which is slightly lower than 4-(4'-chloro-5'-
phenyloxazol-2'-yl)benzaldehyde 1704 em™ due to inductive effect of the fluorine
group. The 1237 cm” band has been assigned to C-F stretch. In the 'H NMR
spectrum, the chemical shifts of the aromatic protons appear at 7.98-8.28 and 7.22-

7.26 ppm with correct integration ra i he '3C NMR spectrum, it is noteworthy
that the signal at 171.1 ppm in‘\: g %E matic phenyl ring next to fluorine

atom. The mass

'-(4-fluorophenyl)oxazol-2'-yl]
to the calculated molecular
orine at M+2 peak of 303

ion peak because of the

benzaldehyde containe
weight and characterisia
approximately one-thi
presence of a molecular 4 Ehis compound has also been
proved by elemental anal -ﬂ n of C, H and N was matched
with the percent-calculate According to these data, it could

be concluded that the (4-fluorophenyl)oxazol-2'-yl]-

benzaldehyde.

4-[4'-Chloro*§' =4 sethoxyphenyhoxs =--_T("" |Sc]: The spectrum
of this compound reveals se S u]q) dition to those seen for 4-
(4'-chloro-5'-phenyloxazol-2'-yl)benzaldehyde, as noted above. From FT-IR, the 1257

cm™' band has isncdt f HHW ctrum, the chemical
shifts of the aﬁ:ﬂsﬁ;ﬁﬂﬂﬁ7 :’2‘; d’ .05-7.07 ppm with correct
integraﬁ:ﬁi é‘@ﬁ;ﬁ fiaﬁci)jh;‘]:al ﬁcigjﬁzﬁsﬁated with the
phenyl ! S=17105% d elding lefféct.of the methoxy

group. In the 13C NMR spectrum, it is should be noted that the signal at 55.4 ppm

indicates carbon of methoxy group. The mass spectrum of 4-[4'-chloro-5'-(4-
methoxyphenyl)oxazol-2'-yl]benzaldehyde contained m/z peak of 313 corresponding to
the calculated molecular weight and characteristic relative abundance peak of chlorine
at M+2 peak of 315 approximately one-third the intensity of the molecular ion peak
because of the presence of a molecular ion containing the 37Cl isotope. Elemental

CHN analyses indicated the presence of a methoxy functionality. According to these
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data, it could be concluded that the product was 4-[4'-chloro-5'-(4-methoxyphenyl)-

oxazol-2'-yl]benzaldehyde.

4-[4'-Chloro-5'-(4-nitrophenyl)oxazol-2'-yl]|benzaldehyde [Sd]: The spectrum
of this compound reveals several characteristic bands in addition to those seen for 4- -
(4'-chloro-5'-phenyloxazol-2'-yl)benzaldehyde, as noted above. From FT-IR, the 1339
cm’' band has been assigned to C-N stretch. In the 'H NMR spectrum, the chemical
shifts of the aromatic protons ap ::-a at 88 1-8.42 and 8.09-8.20 ppm with correct
integration ratios. The down fiel | signals/of #fc resonances associated with the

phenyl ring is due to deshiélding-effect of the“mtro™8roup. In the *C NMR spectrum,
it should be noted that 1] 4t 14 - pmdicates the nitro substituent at
the para position of | trong electron-withdrawing
group, it causes a do it aromal The mass spectrum of 4-[4'-
chloro-5'-(4-nitrtopheny / Jbenzal e contained m/z peak of 328
corresponding to the t and characteristic relative
aBundance peak of chlorin \\-\ imately one-third the intensity
of the molecular ion pe Ll 2 v ence ©f a molecular ion containing the
> 7Cl isotope. Elemental C | : 2d the presence of a nitro functionality.
According to these data, i e product was 4-[4'-chloro-5'-(4-

nitrophenyl)oxazol-2 gf henzatdehva _—\:‘ |

] §
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4.3.2. Preparation of [4-(4'-chloro-5'-phenyloxazol-2'-yl)-phenyl]methanol

derivatives

[4-(4'-Chloro-5'-phenyl-oxazol-2'-yl)-phenyl]methanol derivatives have been
obtained from the reduction of aldehyde to alcohol using sodium borohydride in
tetrahydrofuran at room temperature. In a reduction by sodium borohydride, hydride
ion adds to the partially positive carbonyl carbon, which leaves a negative charge on

the carbonyl oxygen. Reaction of ’ ’; rmediate with aqueous acid gives the

alcohol.

-—
I K- # H,O
4 R—C—H + Na | @® yBNa ——— 4 RCH,OH

’\\\.\\

to isolate as shown in Tablé 48. Eiiher the i ro

§ Al
Eadel s & v
vt exhib!

to alcohol

f 75-85% without the need
lonating or electron withdrawing
group at the para position e a reaction yield in the same
range because the position of s S far from the carboyl group and does

not play an important role

-
i e ———r

S 5]
Table 4.3: Percentage -il 0 70 Arh, l)phenylmethanol derivatives
I

% Yield

F'Wmf 3

[4-(4’-Chloro-5'-phenyloxazol-2'-yl)phenyljmethanol [6a]: From FT-IR

Compmzpd Substituent
P

spectrum, the absorption peak of carbonyl group of aldehyde at 1704 cm” was absent.
The broad absorption peak of O-H stretching at 3300 cm™ and C-O stretching at 1200
ecm’ were found. The 'H-NMR spectrum of [4-(4'-chloro-5'-phenyl-oxazol-2'-
yl)phenyl]methanol are somewhat different form that of the 4-(4’-chloro-5'-phenyl-
oxazol-2'-yl)benzaldehyde, a starting material. Notable differences are the
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characteristic singlet methylene photon adjacent to benzene ring at 4.84 ppm and a

broad singlet peak of hydroxyl photon at 1.96 ppm. The chemical shift of aldehyde
photon at approximately 10 ppm was disappeared. In the '3C NMR spectrum, the peak
at 171.0 & due to carbonyl carbon of aldehyde was disappeared. The peak at 150.6,
136.5 and 125.4 ppm are characteristic oxazole peaks. It is noteworthy that the peak at
68.5 ppm is attributed to methylene carbon of aromatic phenyl ring. The mass
spectrum  of  4-(4'-chloro-5'-phenyloxazol-2'-yl)phenyl]methanol ~ derivatives

contained m/z peak of 286 correspg ) jto, the calculated molecular weight and

characteristic relative abundanee peak © gifigsat M+2 peak of 288 approximately
s Fhe characteristic pattern of the

0,the M+2 peak. Scheme 4.7
showed the fragmentation®pa v/ avhigh'\ex o zylic cleavage product from
the initiai radical cationgfhigfc: yurid ' also been'proved by elemental analysis.
The percent found amoufit of €. EN hed to the percent-calculated

elemental composition. A ing hes >"- ould be concluded that the

/ s\\ ethanol.
onl —-oH_ @I )\Q\
CH,

m/z 268, 270

m +—.£9’ Q: ‘<//:\§CH3

i m/z 268, 270
xMﬁ%ﬂﬂ?aB

Cl

m/z 253, 255

Scheme 4.7: Fragmentation pathway of 4-(4'-chloro-5'-phenyloxazol-2'-yl)phenyl Jmethanol

+.
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{4-|4'-Chloro-5'(4-fluorophenyl)oxazol-2'-yl|phenylmethanol [6b]: The spectrum

of this compound reveals several characteristic bands in addition to those seen for 4-
(4'<chloro-5'-phenyloxazol-2'-yl)phenyljmethanol, as noted above. From FT-IR, the 1237
cm” band has been assigned to C-F stretch. In the 'H NMR spectrum, the chemical
shifts of the aromatic protons appear at 7.95-8.10 and 7.19-7.53 ppm with correct
integration ratios. The upfield signals of the C-H resonances associated with the
phenyl ring between 8 = 7.19-7.23 ppm comparing to unsubstituent are due to

shielding effect of the fluorine gro ostituent. In the *C NMR spectrum, it is
A

noteworthy that the signal at 162. o1 1 bon on aromatic phenyl ring next
' 5'-(4-fluorophenyl)oxazol-2'-yl]-
phenyl} methanol contai 503 co piding to the calculated molecular

weight and characteristi dance pee chlorine at M+2 peak of 305

approximately one-thi / ity € e molecular ion peak because of the
presence of a molecular j ifing the *'Cl K ‘This compound has also been
proved by elemental anal | Q

t of C, H and N was matched
to the percent-calculat 1 omposition. A ceording to these data, it could be
concluded that the p orophenyl)oxazol-2'-yl]phenyl}

methanol.

{4-[4'-Chloro5 Noxazol-2'-vi inheny ethanol [6¢]: The spectrum
\
dmon to those seen for 4-

(4'<chloro-5'-phenyloxazof-2' -yl)phenyl]methanol as noted above. From FT-IR, the 1252
cm’' band has ﬁ qﬁ( ectrum, the chemical
shifts of the gn Erot ilyzm W aﬂﬁlﬁp 3 ppm with correct
integration ratios. The u hﬁeld sighals of the @sH resonances @ssociated with the

phny ek D708 ikt 4 o b Wl e e metony

group by resonance effect. The peak at 3.91 3 also indicates methyl protons due to a

methoxy group. In the 13C NMR spectrum, the signal at 56.0 ppm indicates methyl
carbon of methoxy group is formed. The mass spectrum of {4-[4'-chloro-5'-(4-
methoxyphenyl)oxazol-2'-yl]phenyl}methanol contained m/z peak of 315 corresponding
to the calculated molecular weight and characteristic relative abundance peak of
chlorine at M+2 peak of 317 approximately one-third the intensity of the molecular

ion peak because of the presence of a molecular ion containing the 37Cl isotope. This
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compound has also been proved by elemental analysis. Elemental CHN analyses

indicated the presence of a methoxy functionality. According to these data, it could be
concluded that the product was {4-[4'-chloro-5'{4-methoxyphenyl)-oxazol-2’-yl]phenyl}
methanol.

{4-[4'-Chloro-5'<(4-nitrophenyl)oxazol-2'-yl|phenyl}methanol [6d]: The spectrum
of this compound reveals several characteristic bands in addition to those seen for 4-

(4'chloro-5'-phenyloxazol-2'-yl)phenyl e L as noted above. From FT-IR, the 1334

e 'H NMR spectrum, the chemical

shifts of the aromatic protons-apg &d 7.55-7.57 ppm with correct
integration ratios. The sonances associated with the
phenyl ring is due to s resonance effect. In the °C
NMR spectrum, it is g pm due to a carbon on the

aromatic phenyl ring ng e mass spectrum of {4-[4'-

chloro-5'-(4-nitrophenyl)o  §1ip methan \ ontained m/z peak of 330
ﬂla-l F L

corresponding to the calculated: ole ght and characteristic relative

abundance peak of chlorine at M+2¥eak g \ oximately one-third the intensity

/] E” : ;5

of the molecular ion peak becat the g ce of a molecular ion containing the
i ',5" I .

37CI isotope. This compoundas isc elemental analysis. Elemental

CHN analyses indi "'«,:_'Y”W*"f‘;“m“ﬁ*-:‘ . According to these data,

it could be concluded tha

phenyl} methanol.

ﬂﬁﬂ’&ﬂﬂ'ﬂiﬂﬂ*’]ﬂ‘i
ammn‘im AN Y

10 ’-(4-nitrophenyl)oxazol-2’-yl]—
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4.3.3. Preparation of [4-(4'-chloro-5'-phenyloxazol-2'-yl)phenyl|methyl

methacrylate derivatives

[4-(4'-Chloro-5'-phenyloxazol-2'-yl)phenyl]methyl ~ methacrylate  derivatives
have been obtained from the nucleophilic substitution reaction between 4-(4'-chloro-
5'-phenyloxazol-2’-yl)phenyl]methanol derivatives and methyl methacryloyl chloride

using pyridine as a base.

Both the carbonyl oxyge ﬁ >. ftide atom withdraw electron density
from the acyl carbon atonimakin; o ¢ hilic. Hydroxy ion is a good

nucleophile (donor of ag.e Sh-pair)| because the, oxygen has unshared pairs of

de

electrons and a negatiys€hasg /) ‘ w ' *\b\ ith alcohols to give esters
d g t ‘ :

through a nucleophiiic ion mechanism. Attack by

the alcohol at the electrophil Nyl @toup gives a tetrahedral intermediate. Loss

\N

of chloride and deproténﬁt' .

0O O

I -
- R—C-Cl + R'—0H =}

A

Scheme 4.8: ;f—_"_m“—"‘: chloride

T
. )
This reaction gave yields in the range of 50-60% as shown in Table 4.4. From

the mechanismthe s ‘o . ilicity of carbonyl, can
enhance the :mouﬂsgnmmmrrgsubsﬁwem can either
be an elects nating,or. ﬁ i iftg" group, at aﬁ ition of phenyl
moietyﬁqﬁﬁla f§. ﬂn“ﬁ tﬁemﬁﬁﬂ:l (Ejboth electron

donating and electron withdrawing groups are in the same range.
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Table 4.4: Percentage yield of [4-(4'~chloro-5'-phenyloxazol-2'-yl)phenylJmethyl

methacrylate derivatives
Compound Substituent % Yield
[7a] H 50
[7b] F 55
[7¢] OCH; 60
[7d] NO, 50

|4-(4'-Chloro-5'-pheny llmethyl methacrylate [7a]: From

FT-IR spectrum, the absorpti mg at 3300 cm™' was absent and a
strong absorption peak ol Zide€ vaciylate moiety at 1700 cm™ were
found. The structure o g med by MR spectroscopy. The 'H
c " glet signals from =CH, at

1glet signal of methylene photon

NMR spectrum in Figu
6.23 and 5.67 ppm (“ed

adjacent to the ring at 5298p5

a,b,c.d

- AUNIRENINY NS - - - -
Figure 4.2: 'H NMR spectrum of [4-(4’¢chloro-5'-phena]oxazol-Z’-yl)p@yl]methyl
e RRWIANNITUHRTVINETREY

L _

The '3C NMR spectrum revealed the presence of vinyl group at 121.4 ppm and
the peak at 18.4 ppm indicated methyl carbon adjacent to vinyl group. The mass
spectrum of [4-(4’-chloro-5'-phenyloxazol-2'-yl)phenyl|methyl methacrylate derivatives
contained m/z peaks corresponding to the calculated molecular weight and
characteristic relative abundance peak of chlorine at M+2 peak approximately one-
third the intensity of the molecular ion peak. The characteristic pattern of the peak

was presented that it had a chlorine atom due to the M+2 peak. Scheme 4.9 showed
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the fragmentation pathway. which exhibited benzylic cleavage product from the initial

radical cation. The e¢lemental analysis of [4-(4'-chloro-5'-phenyloxazol-2'-
yl)phenyl]methyl methacrylate derivatives was preformed. The result showed that the
percent found amount of C, H and N was corresponding to the percent-calculated

elemental composition.

m/z 268, 270
+ Cl I3+
<« |Q O
N=
cl
m/z 268, 270
Scheme 4.9: Fragmentation patliway f \' 0-5'-phenyloxazol-2'-yl)phenyl]

methyl methacrylate i

)

sae

{4—|4'-Chloro-S'mﬂuorophenyl)oxazol-Z’-yl]phen methyl methacrylate |7b]:
The spectrum of-thi ‘tﬁ : Pea 1 e virtually the same as to
those seen for qjigj)- zﬂuﬁﬂlmﬂ;tfjw ethacrylate, as noted
above. From FT-IR. the 12:)3 cm”' Band has beerns[sﬁxed to C-Rustretch. In the 'H

MR s, VST b Komkid k! ook 7 94-8.11 and

7.20-7.53‘I ppm with correct integration ratios. The upfield signals of the C-H

resonances associated with the phenyl ring between 8 = 7.10-7.24 ppm comparing to
unsubstituent are due to shielding effect of the fluorine group substituent. In the B¢
NMR spectrum, it is noteworthy that the signal at 162.1 ppm indicates carbon on
aromatic phenyl ring next to fluorine atom. The mass spectrum of {4-[4'-chloro-5'-(4-
fluorophenyl)oxazol-2'-yl]phenyl}methyl methacrylate contained m/z peak of 372

corresponding to the calculated molecular weight and characteristic relative
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abundance peak of chlorine at M+2 peak of 374 approximately one-third the intensity

of the molecular ion peak because of the presence of a molecular ion containing the
37C1 isotope. This compound has also been proved by elemental analysis. The percent
found amount of C, H and N was matched to the percent-calculated elemental
composition. According tc these data, it could be concluded that the product was {4-

[4'-chloro-5'-(4-fluorophenyl)oxazol-2'-yl Jphenyl } methyl methacrylate.

{4-|4'-Chlo: 0-5’-(4—methoxyph yxazol-2'-yl|phenyl}methyl methacrylate [7¢]

T'he spectrum of this compounc fpéale which are virtually the same as to

those seen for [4-(4'-chloro mnmethyl methacrylate, as noted
———

above. In the 'HNMR s \ e aromatic protons appear at

7.90-8.10 and 7.04-7.53 . The upfield signals of the
C-H resonances assogi ] he “phenyl, ring, between & = 7.04-7.06 ppm
comparing to unsubstitg€nt i alding "\ t of the methoxy group
substituent. In the “C N ' ! \\ ppm due to methoxy carbon

pectrum of  {4-[4'-chloro-5'(4-

memoxyphenyl)oxazol-.?’-yl ph ;J”c it -1 ontained m/z peak of 383
¢ I-‘r"'r i '.l"' : . . e .

correspondmg to the calculated—molecu weight and characteristic relative
. SN : ; . .

abundance peak of chlorine.at M2 peak ot OX1Ma ely one-third the intensity

e e T RO A | T vy r rver—ewes o O 1
of the molecular 10 \y ot tire | = 4

37Cl isotope. This con

CHN analyses indicate the presence of a methoxy functionality. According to these

’i ﬂlﬂiﬂvﬁ,w m fllgk.u Henya-ﬂacuyhte [7d):

The spectrum of this compound show a set of peak, which are virtually the same as to

ccular ion containing the

by etemental analysis. Elemental

those seen for [4-(4'-chloro-5'-phenyloxazol-2'-yl)phenyl]methyl methacrylate, as noted
above. From FT-IR. the 1334 cm™ band has been assigned to C-N stretch. The peak
around the region of 1500-1700 cm’ is due to the C=O stretch and N=0 stretch. In
the 'H NMR spectrum, the chemical shifts of the aromatic protons appear at 8.13-8.40
and 7.53-7.57 ppm with correct integration ratios. The down field signals of the C-H

resonances associated with the phenyl ring are due to electron-withdrawing effect of
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the nitro group substituent. In the 13C NMR spectrum, the signal at 148.4 ppm due to

carbon on aromatic phenyl ring adjacent to nitro group is formed. The mass spectrum
of {4-[4'-chloro-5'-(4-nitrophenyl)oxazol-2'-yl]phenyl}methyl methacrylate contained m/z
peak of 398 corresponding to the calculated molecular weight and characteristic
relative abundance peak of chlorine at M+2 peak of 400 approximately one-third the
intensity of the molecular ion peak because of the presence of a molecular ion
containing the *’Cl isotope. This compound has also been proved by elemental

analysis. Elemental CHN analyse itated the presence of a nitro functionality.

According fo these data, it could

nitrophenyl)oxazol-2'-yl]phesi§

AULINENINYINS
RINNTUUNININY
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4.4 Hydrogenation of Nntro compound

The most frequently used nitro-group hydrogenation catalysts are palladium or
platinum on carbon and Raney nickel. Hydrogenations of aromatic nitro compounds
have been frequently studied, and the reaction pathway is well-known (Scheme 4.10).
In these reactions, the nitroso compound and the hydroxylamine have been observed
as intermediates. while a series of side reactions might lead to the formation of

hydrazo compounds. which can some

also be isolated. In general, the activity

and selectivity of this reactio talysts as well as on the reaction

conditions. Alcohols, ethy romatieS. ueous acid solutions are often
used as reaction solvents; rocessesare. pertormed commercially without
solvent. For partial h E Hives.a often employed to improve
selectivity. Reactions a \

ot \ ween, S5 and 150°C with 1 to 25
s (]

atmospheres H; pressure. rtions the desired final product.

N

Ph—N—N—Ph

H1 H
Ph’—NO') e Ph"‘| O J'L.r" Ph_NH2
Schem: ;-'" y:-Hydrogenation-of an-aromatie 1 o compound

{4-[4'-Chloro-§’{#ammophenyl)oxazol—Z'-yllphenyl}methyl methacrylate [7e]|

was syntheqlﬁi w ? Y‘ j-mtrophenyl)oxazol-Z'
yl]phenyl}methyﬁ]nethacrylatﬂ using 5% P he reaction yield is only 40% because

< R e A

product was increased. The reaction was extensively characterised to confirm the
formation of NHa. The strong IR bands for the nitro group at 1350 and 1550 cm’”
completely disappear after the reaction with the appearance of bands at 3355-3439
cm’ related to the amine. Elemental CHN analyses indicated the presence of a NH»
functionality. Detailed 'H and "C éharacterisation of the reaction product clearly
show completely different chemical shifts of the amino product compared to the

starting material.



83
4.5 Effect of the aromatic substituents on cyclization reaction

As a result, several 4-chloro-2,5-diphenyloxazoles were readily obtained as
single products with high yield. A plausible mechanism of this reaction is proposed

based on an experimental results and observation.

Several 4-chloro-2,5-diphenyloxazole derivatives were prepared by a one step

reaction. The interaction of benzoyl ide derivatives with the corresponding

e product via the corresponding
acylimidoyl chloride (Sche 1 n of HCl onto the cyano group
gave acylimidoyl chl ehlo de promptly attacked the
aldehyde carbonyl car feasible, especially in the

presence of an additiong

Scheme 4 11: Mechanism ofibxazole formation
Q“WW ANNIUURIINYINY
om the experimental results, NO, substituent of R; [Sd], gave the highest
yield (75%) follow with H [5a], F [Sb] and OMe [5c¢], respectively, when R, group is
the same. This strong withdrawing group presumably facilitates the ring formation by
increasing the electrophilicity of carbonyl intermediate through the resonance effect.
On the other hand, introductibn of electron-donating groups (OMe) result a low yield -
because these groups possibly decrease the nucleophilicity of the nitrogen atom of the-
benzoyl cyanide and cause some side reactions resulting in a reduction of oxazole

formation. Therefore, 4-[4-chloro-5-(4-meth0xyphenyl-oxazol-2—yl]benzaldehyde,
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formation. Therefore, 4-[4'-chloro-5'-(4-methoxyphenyl-oxazol-2'-yl]benzaldehyde,

[5c], gave a lowest yield comparing with the other. It is noteworthy that the F
substituent can serve as an electron-withdrawing group from a carbon atom through
the sigma bond but the reaction yield is lower comparing with NO,. This case

indicated that the resonance effect might play a dominant role.

It can be seen from the experimental results that the yields are favorable with

those benzaldehyde bearing electrop-withdrawing substituents Ry on its benzene

Additionally. thi agti a strong nucleophile thus, the
water is eliminated by fze8fiy rakytirof and dry sodium chloride overnight

at 100°C in the oven bef O ihérwise."a hydrox ylanion from water can acted as

i

11
iF |

AULINENINYINT
RINNIUUNININY
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4.6 Free-radical polymerization

4.6.1 Characterization
Acrylate monomers, [4-(4'-chloro-5'-phenyloxazol-2'-yl)phenylJmethyl methacrylate

derivatives, were copolymerized with MMA under radical condition in dry THF at
60°C for 48 h. After product purification, the polymerization was monitored by FT-IR

to the carbonyl stretching dumethacrylic ester group, shift

to higher frequency by orresponding band of the
monomer (Figure 4.4)_ACcqudigd a of polymeric derivatives

the resonance of the vinyliden

substituents gave almst e 82 ic {s mical shifts in the range of
7.30-8.20 ppm as shown in Figure 4 5 \\

ethylacrylate disappeared. All

% L~
: o

vl';,

= — o

= e
(0]

- AUt Inening;
ARA9N TN

1 . . B f . . . ' . . . f
4000 3000 2000 1000

Wavenumbers (cm-1)

939.23\__

687.59

Figure 4.3: FT-IR spectrum of acrylate monomer [7a]
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Figure 4.4: FT- dical polymer [PS]
]
[PS]

- ﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂwni

Qﬁﬂﬁ\ﬂﬂimﬂﬁﬂﬂmﬁﬂ

Figure 4.5. 'H-NMR spectra of acrylate monomer [7a] and 5% ratio of free radical
polymer [P5]

For all the polymers, '"H NMR and FT-IR show no evidence of unreacted vinyl
group, indicating that separation of the monomer reactants from the polymer product

was essentially complete.
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The molar composition of copolymers can be calculated by 'H-NMR

spectroscopy comparing the integration of the singlet signal due to the methyl ester
group of MMA, located at 3.63 ppm (“a” from Figure 4.5), and the methylene proton
of [4-(4-chloro-5-phenyloxazol-2-yl)phenyl]methyl methacrylate derivatives at 5.30
ppm (“b” from Figure 4.5), after subtraction of the contribution given to the integral
by the overlapped resonance methylene photons in o position to phenyl of [4-(4-

chloro-5-phenyloxazol-2-yl)phenylJmethyl methacrylate.

Table 4.5: Feed ratio for prepa ‘,\::; POLY LA

LRatio (Mole Yg)mjwsA verage %Composition of
, y b scintillant
Polymer | Substitue 7 BV \:b‘\ “heoretical Calculation
. ///eémk\

P | R=H & £/ ﬁ"\‘{i\\‘\ | 027
(P3] 17 " \\N Lot
[Pf1] R=F | l L1499 - ) n\\\ ' 0.41
[P5] THEs 1.80
[Pm1] | R=0OCH; 0.19
[Pm5] 1.14
[Pnl] | R= &-E 3 0.42
[Pnh2] | R=NH; | 5/95 “ 127

| - v

From ’ﬂluﬁ,l igaYLﬂlZ]lyjslﬂ ﬂt’lmas‘jd in percent feed of
fluores :ﬁﬁ to. m i ryjsa-n e e:g‘j ﬁ« omposition of
this m:i inrﬁc lymier ‘ ﬂo e tm ’ ﬁ iﬁof the methyl

methacrylate radical is higher than the fluorescence monomer due to the steric

hindrance of the acrylic oxazole monomer.
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4.6.2 Determination of molecular weight

The molecular weights and polydispersities of free radical polymers at

different ratios were shown in Table 4.6.

Table 4.6: Polymerization results of different compositions

Polymer Mn Mw PDI

[P1] 1 ‘ ,941 1.36

[P5] - 1.41

[P 225494 a5l 1.84

[PF 4l 2030w 151

[P _ 6\ \\28 1.66

[P - 1.42

[P [ 045 ' 1.60

Postf A 55799 i35

[Pnh2 : J‘ . 1.69

55

The molecular weights £ 50 ers were determined by GPC using
monodisperse polystyie icted in Table 4.6, the weight-
average molecular we ,624 with polydispersity
indices (Mw/Mn) in tlﬂ : ed that polymer [Pnl1] and

[Pn5], which are cont?n nitro groups at the para position of 4-chloro-2,5-

R UKL (e
QRA9N TN
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4.6.3 Determination of thermal properties

The thermal stability of all polymeric derivatives, as determined by TGA, was
relatively high. Most of copolymers were not as thermally stable as PMMA (260°C).
The temperatures at which they underwent 5% weight losses (7d) when subjected to
TGA under N, with a heating rate of 10°C/min ranged from 247-280°C, indicative of
a remarkable presence of strong dipolar interactions in the solid state between the

chromophores located in the macromg ar, side chains and characterized by a high

charge delocalization. Surprisingly, the px Wwacr€ containing NO, substituents [Pnl]
and [Pn5] were more thermally sta ith Td of 280°C. A plausible
explanation is the stro o '
diphenyloxazole moieticsg@lSO8€x : crease. (hengree volume of the polymers.
Therefore, Td of these frgeffa is)

Table 4 : c» polymers

IEF:E’; ’9\\\\ o
| 70

0, )\
7o fm

.I-" z

e

Fono1n A&

5 JTT U 11280d
| [Pnh2] | “, 125 ﬂ 265 qu
Q | FHRTTY

Only second order transitions originated by glass transitions were observed in
the material by DSC measurements, thus suggesting that the macromolecules are
substantially amorphous in the solid state. The decrease of crystallinity is caused by
addition of 4-chloro-2,5-diphenyloxazole in the pendent chain.
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Figure 4.6: Typie? ee radical polymer in N

Heat Flow/mt

B RN YRR rome
ARITEATUUNINYAE

The free radical polymers containing 4-chloro-2,5-diphenyloxazole derivatives
as a pendent chain show good solubility in a number of common organic solvents.

Table 4.8 summarizes the results of qualitative solubility tests.



Table 4.8: Solubility of free-radical polymers

AULINENINYINT

> L
(+) Soluble (-) 0Tl (#)rti:

Polymer THF Toluene | CHCI3 NMP DMPU
[P1] + + + + +
[P5] + + + + +
[Pf1] + + + + +
[Pf5] + + + + +
[Pml] + + + + +
[Pm5) + ) + + +
[Pnl] | + M + +
[PnS] i . + +
[Pnh2} + +

AN TUAMINYAE
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Part B: Preparation of condensation polymers

4.7 Preparation of 4-chloro-2,5-bis-(4'-fluorophenyl)oxazole monomer
To obtained di-functionalized monomer containing 4-chloro-2,5-diphenyl

oxazole, 4-chloro-2,5-bis-(4'-fluorophenyl)oxazole was prepared in two steps starting

from 4-fluorobenzoyl chloride. First, 4-fluorobenzoyl chloride was treated with CuCN

in acetonitrile to prepare 4-fluorobe nide (yield 85%). In the next step, the
prepared 4-fluorobenzoyl cyanide w S rez g 4-fluorobenzaldehyde to obtain 4-
chloro-2,5-bis-(4-fluorophenylje azole mon = oxazole moiety on the para

position to each fluorine TtiCH ame benzene ring should exhibit strong

electron-withdrawing efieet's i Q\?{.\ an activating group for the
nucleophilic substitutiong ¥ Vid .x fion of Meisenheimer complex

as the reaction intermedia

The FT-IR spec luorophenyl)oxazole confirmed

the existence of an oxazol¢ $.a strong absorption band at 1530 cm’
assigned to the -N=C-O- 4" g ienCy. The mass spectrum of this

compound contained m/z peaks cottespond iig to'the calculated molecular weights of

N

[

and "C NMR datas 4 te" of 4-chloro-2,5-bis(4'-

particular, it was clearly revealed by the 13C signals at 160.8
(C2), 150.9 (C ﬁ , 1;5’ t tesistic "*C pattern for 4-
chloro-2,5-bis-m j}iﬂﬂh m ﬁrﬁﬁi been proposed to
occur via the formation of ac limi‘oﬁjchloﬁdeﬂnd then reactéds further with the

carbon)ﬂ‘I wb’c:l aﬁ T'-l]e m -w}%m&%aoﬂ-bﬁ(%ﬂuom

phenyl)oxazole can successfully be synthesized in one step with a simple work-up. It

fluorophenyl)oxazole.

should be noted that the fluorine of 4-fluorobenzaldehyde served as the electron
donating group in this reaction which retarded the ring formation. That is the reason

why, the reaction afforded only 44% yield.
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4.8. Condensation Polymerization

Much emphasis is placed today on the synthesis of poly(aryl ether)s. The aryl-
ether linkage imparts properties such as better solution and melt-processing
characteristics and improved toughness compared to the one without aryl-ether
linkage. Therefore, this research designs to prepare poly(aryl ether) containing 4-

chloro-2,5-diphenyloxazole by condensation polymerization.

To demonstrate : i ; oro-2, -bis(4'-fluorophenyl)oxazole

monomer for a typica . nal \h\\?”i ation reaction, a model reaction
with phenol was prefo ) - \\

’ ,‘\‘ | at pal
by phenoxide as a resul . \»\\\. model reaction of monomer

with two equivalents of p - \\\\\
| J o\ \

T ositions are easily replaced
of the substitution product in
esting not only high reactivity
of this monomer for the ilig’displ £ment teaction, but also the feasibility of

the polymer formation in thi§ syStemt.-Al s copic data from FT-IR and 'H NMR

spectroscopy support the stru {ures of 44

-bis-(4'-phenoxyphenyl)-oxazole.

The FT-IR spectra 9f=this_compound show the arvi-ether™ nkage (1150-1250 cm'l)
S :

and do not show any-sig ifr'l inal —-OH or —F groups,

i

indicating a high conveérSion.

B AN AN TG AT e s

substltutlon br following reasons. Rirst, the electe@n-poor oxazolg ring would act as

EKRE R B Y —

the nega%nve charge developed through a stabilized transition state during the

an elec

transformation to lower the activation energy for the process.
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a. ‘
AOLE O oD 2 OO g

Scheme 4.12: Nucleoplilic aromatic substitution

Polymerization of. 7, oro- @uorophenyl)oxazole [33] with

stoichiometric amounts of Disphendl A jwas earsied out in the presence of potassium

carbonate in DMPU/ighuefiCe /r Athe initial “slage of the polymerization. the
reaction tempcrature waaia convert bisphenol A to its salt.

The reaction was drived the reaction mixture as the

/7, N
azeotropic mixture wiih ig iz 4 D@ansStre \ p. Upon completion of the salt
formation and dehy drai®n_ghcficaq ‘ ) .‘x‘, aturcywas raised to 220°C to effect the
nucleophilic displacement® | r,; A ; tion time on molecular weight
of the polymer was studicd®at ,-'jf:!:‘ﬁf‘ ( h [CP9] and 12h [CP12]. After

product purification. ilie occurs 2 was easily monitored by 'H-NMR,

by checking the chéal . 1 balopging to aromatic protons

and methyl protons ot 2 on seems 10 proceed quite

H Fit
clean at mild rcaclio-ondition il DMPU. The desifed disubstituted product was

obtained with high reac:i8negicld. FT-IR showed a strong absorption band at 1250 cm’”
characteristic ﬁ

u &J«Q whﬂ\ l‘n§ w E}ﬂ ﬂ:‘ﬁjm also showed each

aromatic proton%land methyl pro'onrwnh correct mtegratlon ratlo

QW]Nﬂ‘iﬂJNﬁﬂﬂﬁl’]ﬂﬂ
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[CP] |

|
L
9.0 8.5 8.0 s ) g 6.0 As 5.0 4.5 4.0 3.5 3.0 2.5 2.0 s 1.0 0.5
Figure 4.8: 'H-NMR spectra, /4'-ﬂuorophenyl)oxazole monomer
|8] and its condensation po _/d
— o —
4.8.2 Determina
- - g : f‘-
At low reaction L, , _the polymer was obtained as
shown in Tabie 4.9. * Yy " NE
Table 4.9: Po! ts at @ifférent reaction times
e T
Polime - ' ] Mw
- s ;
- 1ee3 : 13.844
i L 05
i 118
; {CFi2] 12 sLES

ﬁ' , o
This wasﬁlr:sﬁmab]y due to ?c lack of sufficient time nec&asary to maximize

?W;ymgﬁﬂ yﬂgﬂe decrease in

moleculag weight was resulted. ree possible chain

the chainyg 1

scissions, the attack of KF and the carbonate from base at the polymer chains and
transetherification |341. Similar results on condensation polymerization of the other

aromatic difluoride with phenoxides have been reported.
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4.8.3 Determination of thermal properties

The poly(aryl ether)s exhibit excellent thermal stability as summarized in
Table 4.10. These polymers showed a 5% weight loss at the temperature ranging
from 334 to 363°C as determined by TGA. Maier et al. reported that similar poly(aryl
ether oxazole) without a chlorine group on an oxazole unit exhibited decomposition

temperatures at 466 °C in nitrogen atmosphere [35]. The source of the instability of
Table 4.10: Thermal pro iesof conde sation-polymers at different reaction times

o “\\\\x\ 44 (C)
//ﬁ \\ ‘\ &

364
359

the oxazole ring in the polymers can. ound by studying the synthetic routes of

oxazoles.

Cycloaddition reactions dre- * reversible at high temperatures and

therefore oxazoles _may “stibjected mposition to benzonitrile and
ketonecarbene. Fro vﬁ*"_--?"-*—ﬁm- :' important mesomeric
structures of the ketdt d chlorine. Therefore, the

l

activation energy for the ?'cloreversnon of the chlormat d oxazole is lower than that

b 171 mrm“ 12 11 R
ARIAN TN INYAE



97

c cl Cl
N £ /
o —(—ﬁ-m o= +|S @ ph
—=Pi~C—N + D
0 —
e ©
N i &
iC  Ph' Ph'
Ph—«xph'—ﬂ’h—CEN % -~ >__/\
Y /
o () _

/_ ketonecarbene

Scheme 4.13: Dece phenyloxazole

Flgﬂlﬁ u ﬁfﬂh r%m%ﬂf:wcuwe of condensation polymer in N
The pol aryl ether) contaiping 4-chloro-2 5-d|phenyloxgole proved to be

e OGP EHANE Y] 17 e s

prevent Grystallization. It should be noted that 7g depends on molecular weight. High

molecular weight results in the high Tg.



98

—
5m | B o !
g B 263.8 C
3 T i
5’ |ao; . \\ ‘
: 4
{ L2051 ©
135k =
E \ 4 e
lw PNR———— e n—
187.0 96.0 0 - F 210.0
= - D m
Figure T condensatlon polymer
4.8.4 Polymer

The poly(aryl ethg diphenyloxazole show good

solubility in a number of co It was soluble in polar solvents

such as NMP, DMPU, and TH h“ om perature. The good solubility of these
oxazole-containing polyn  markéd -. hav1or of other analogue
polymers with five:iel of jexample, polymers with
thiazole groups are so :! le 1n N seratur|but insoluble in THF, even

iF |

on heating. The thiazole Qn& s result in more‘j(tended geometry of the repeating unit.

As a result, ﬁﬁ%ﬁﬁﬁe E&%ij.ﬂ G]eﬁﬁlexlble than those of

oxazole polymefsl

Qmmnimumwmaﬂ
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Part C: Optical properties

4.9 Optical properties of 4-chloro-2,5-diphenyloxazole derivatives

2,5-Diphenyloxazole, a parent molecule, normally shows a strong maximum
absorption at 305 nm, a maximum emission at 376 nm and fluorescent quantum yield
of 0.18. The characteristic absorption spectrum of 2,5-diphenyloxazole coasists of

two absorption bands depending upon: ature of the phenyl substituents at 315-360

%), respectively. The low-energy

absorption is attributed to € ged conj e resonance structure while the

Figure 4.11:.:Extended oftjug % sohan cture of 2,5-diphenyloxazole

The effect of functiona on the spectral characteristics and

........

luminescence intensity o derivatives has been studied

according to the -e},,j:'.—"‘ :".' the 2,5-diphenyloxazole

spectral data. The absprptio AX1ma r,'] extrinction coefficient and
i

fluorescence quantum yle.lds are given in Ta&le 4.11.

ﬂﬂﬂ?ﬂﬂﬂ?ﬂﬂﬂﬂ‘i
Qmaxﬂnimum'swmaﬂ
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Table 4.11: Optical properties of 2,5-diphenyloxazole derivatives

Compound | Age® (nm) Loge Aem (nm) o
PPO 305 4.58 361 0.18
[5a] 351 4.45 426 0.46
[5b] 346 4.29 430 0.31
[5¢c] 360 4.61 462 0.23
5d] 363 437 426 0.04
(8] 264 \ 369 0
[6a] 31 370 0.12
[6b] e 44 371 0.12
[6<] ool 0.13
[6d] ¥ . 0
72 A 0.10
[7b] =3 0
[7¢] 7 MrZ 0 037
[7d] sd 2ac aded |\ \\425 0.02
[7¢] , : 56 027

LTMIN T

@ Solvent tetrahydrofura tion_measurements, ¢ = 1x10°®

mol/L for emission anthracene.
AULANHNL
The abqpym spectly]oﬂ4nlo§bu-m}:lﬂxjole derivatives were
= R TR
diphenylgxazole ).'the'a f hlor 'ﬂenyloxazol-Z'-

yl)benzaldehyde [5a] showed a distinct bathochromic shift (Alaps= +50 nm). The

4.9.1 Absorption ;pectra :
F-9

nearly unaltered shape of the absorption bands implied that the absorption peak is
caused by same contribution of vibronic states. It is well known that substituents can
affect the spectral data through resonance and field effects. Electron donating
substituents led to a bathochromic shift of the absorption maximum while electron
withdrawing groups show the opposite effect. It is therefore not surprising that

introduction of methoxy group [5¢] caused a bathochromic shift of the absorption
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maximum (AAms= +10 nm) compared to [Sa]. However, 4-[4'-chloro-5'-(4-

fluorophenyl)oxazol-2'-yl]benzaldehyde [Sb] caused an opposite hypsochromic shift
(ALabs= -5 nm). The effect of extending the conjugated m-system is seen in 4-[4'-
chloro-5'-(4-nitrophenyl)oxazol-2'-yl]-benzaldehyde [Sd] (AAaps= +12 nm). When the
hydrogen atoms at the para position of 4-chloro-2,5-diphenyloxazole were replaced
by fluorine atoms, as represented in [8], a distinct blue shift of the absorption

maximum (AAaps= -36 nm) occurred.

0.4
—e&—— PPO
5 4 R e B [5a]
———v-—— [5b]
0.3 - — v = [5]
— —=—  15d]
——o—— [8§
0.2 4

A
(S

do P

Absorbance

\

ot J1¥ VR
bR
\ o=

v v V.IERX v XAvV.

= quBAnHusHaats
"R AR TR HAA TN AL o

The expected hypsochromic shift occurs (Alas= -40 nm) when the formyl

group [5a] was replaced by hydroxyl group [6a], as shown in Figure 4.13. Since the
formyl group at para position of phenyl extends the conjugation length.
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0.4

—&— [5a]
-O- [6a]

0.3 -

0.2 -

Absorbance

0.1 4]

0.0 -
200

Thesamet‘ ubstitution

& —observed-for [6a-d], as represented
in Figure 4.14. The |

n\.
Aaps— +10 nm) and (Agps= +47

nm) were found in {4- ¢ '-chloro-5’-(4-methoxyphenyl) ol-2'-yl]-phenyl} methanol

(6] and ﬂ-ﬁcﬁrﬁ’ﬂﬂﬁ%ﬁmﬂ}memmol (6d],

respectively.
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Figure 4.14: Absorption Sp hloro-5'-phenyloxazol-2'-yl)phenyl]

methanol derivative .
--Vf"*’*"'* 7 .r‘
Acrylic mono : 3 ':'J 324 and 356 as shown in
Figure 4.15, respectlvely, ‘whlch are correspondmg to Amax Of compounds [6a-d]. Since

methyl methacﬂau H\&}aﬂlﬂw tﬂqe,ﬁ ﬁe conjugation length.

Therefore, the dbsorption peak of [4-(4'-chloro-5'-phenyloxazol-2 -yl)phenyl] methyl

"R RTRY ﬁ?ﬂ;l TVETTITETR g
phenyloxazol-2'-yl)-phenyl]m derivatives.
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Figure 4.15: AbSorpfon of " 4-(4'-chloro-5'-phenyloxazol-2'-
yl)phenyl]methyl methacrylate ﬁ’ in THF

v, Y
Differences in theie i7-% transitions of 4-chloro-2,5-

.. [I
‘ |

diphenyloxazole derivatives are small. Nevertheless, 1 p-methoxy-substituent 4-
(]
chloro-2,5-diphenyi 1 ﬁm n;ﬁhﬂy higher transition
probabilities mm& e s'[5a] Ha],I t¢' the electron-donating
effect cﬁn?ﬁoxy oup. However! the transitién probability fepresented by the
y ; : W, ‘ '8
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4.9.2 Emission spectra

The emission spectra of 4-chloro-2,5-diphenyloxazole derivatives were
measured in THF at concentration of 1x10® mol/L. Emission spectra show features
similar to those of the absorption spectra. Introduction of methoxy and nitro

substituents shift the emission maxima to longer wavelengths.

400

300 -

200 -

Intensity (a.u.)

. 100 -

W avelength (nm)

anum%uﬂsgnnﬂn jnm’lla i--d] and [8] at same
" RAR89NTUUNIINYA Y

e differences in positions of long-wavelength absorption band observed for

methoxy and nitro substituents compared to fluoro and unsubstituent are more evident,
particularly for the emission spectra of [4-(4'-chloro-5'-phenyloxazol-2'-yl)phenyl]
methanol derivatives, [6a-d], and [4-(4'-chloro-5'-phenyloxazol-2'-yl)phenyl] methyl
methacrylate derivatives, [7a-e], as shown in Figure 4.17 and Figure 4.18,
respectively. It should be noted that at the same concentration nitro substituent emits a

lowest intensity comparing with others.
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Figure 4.18: Emission sp i

Moreover,
found that the entire

emission because they

When the exci lﬂﬁﬁ ﬁtﬁv
longer wavelen ‘H

concentrations. It was

o, do not have any excimer

”

‘ e not show the new emission band in the longer wavelength.

%&Wﬂ@] ﬁ i ﬁ‘“ be observed in the
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4.9.3 Quantum yield

Some 4-chloro-2,5-diphenyloxazole derivatives investigated in this study show
a bright fluorescence in solution, which was quantified in THF at ambient temperature
by the optical diluted solution method [27]. Anthracene in ethanol was used as
standard. Systematic errors of + 5% should be taken into account. The introduction of
nitro substituent affected the fluorescence quantum yield. The values obtained for 4-

[4'-chloro-5'~(4-nitrophenyloxazol-2' yh]bs aldehyde [5d] (¢r = 0.04), {4-[4'-chloro-

5'-(4-nitrophenyl)oxazol-2'-yl}sphenyl} meihatol j6d] (¢r = 0) and {4-[4'~chloro-5'(4-
nitrophenyl)oxazol-2'-ylJphenyijmcthyl &m& ] (6r = 0.02) are somewhat

ent showed a low fluorescent

in 4-chloro-2,5-bis-(4'-

lower than the analogo

quantum yield as

o "'»,

’\\\ \\n ated in the system as a
&\: \: of nonradiative deactivation

processes is promoted 1k fese 7' f heavy ato 6]. Interestingly, the highest
\ g

fluorophenyl)oxazole, ensity was found especially

in the systems in w i

consequence of heavy-at

fluorescent quantum yi€ld 0 ‘ 45(4"chloro-5'-phenyloxazol-2'-yl)-

benzaldehyde [Sa] even the pre: heavy atom. Low quantum yields

can also be explained by nd color quenching effects, which

caused nonradiative'decay

5

E >
ﬂ‘iJEI’J‘VIEWI?WEI']ﬂ‘i
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4.10 Optical properties of polymers

The absorption and fluorescence spectra of the polymers were studied and
compared to the data previously obtained for monomers. The absorption and emission
maxima, fluorescence quantum yields and the optical energy gaps are given in Table

4.12.
Table 4.12: Optical properties of polymers

Polymer | Agps® (nm) \ige Aem™ (nm) o™
[P1] 31} \\‘LLQ //' 375 0.62
[P5) | % 376 0.12
[Pf1] JHR\ 78 0.13
LRES 7/ N S
Pl AL AN | o”
[Pm5] 3 ~506 | / 0.13
[Pnl] 0.10
[Pn5] 0.03

[Pnh2] 0.06
(CP] 0.04

@ Solvent tetrahydre v»--:--;——.:—.——--\ easurements, ¢ = 1x10°8

mol/L for emission measure was anthracene.

)
“‘”ﬁﬁmwamwmm
o O Y Tk ST i

freedom of individual rings, broad and rather nonstructured m-n* transition bands

were obtained.

Compared to acrylate monomers, [4-(4'-chloro-5'-phenyloxazol-2'-yl)phenyl]
methyl methacrylate derivatives, free radical polymers show an additional absorption
peak at 290 nm. This corresponds to the transition of the main chain. The free radical

polymers have the similar main chain structures but differ only in the para substitution
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of oxazole side chains. Even though the small amount of oxazole moiety was added,

the substitution effect was observed, as represented in Figure 4.19. The significant
bathochromic shifts (Adans= +12 nm) and (Adas= +20 nm) were found in p-methoxy
substitution [Pm] and p-nitro substitution [Pn], respectively. The extinction
coefficient values of the free radical polymers are significant larger than their
monomer analogs. This indicates a higher transition probability of polymers. On

account of additional oxazole units. the extinction coefficient value of [P5] is

significantly larger than [P1], due to_ reasing of 4-chloro-2,5-diphenyloxazole

chromophore.

—— [P1]
! v gs O He s [ps]
1.0 7 A —————— [Pml]
' g ' : Y| —— — - [Pm3]
. — ——  [Pfl]
0.8 e v \\ —ff— e {PES]
° ' L W\ ——+—— [Pnl]
g ———— [PnS]
8 ~ & - [Pnh2
:-8- 0.6 [ '»]
O
<

0.0 I-L-A LA~.v SReaTE SRS R e o8, S TS S S

350 400

AuSINEINEINT
PRI

In the case of 4-chloro-2,5-bis-(4'-fluorophenyl)oxazole and its condensation

polymers, the maximum absorption band shifts bathochromically (AAans= +57 nm).
The polymer showed the same maximum absorption band as model product.
Therefore, the red shift caused by extended conjugation. The nearly unaltered shape
of the absorption bands of free radical and condensation polymers suggests that the
absorption peak is caused by same contribution of vibronic states of 4-chloro-2,5-

diphenyloxazole moiety. Polymers [CP3], [CP6] and [CP12] were considerably
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lower molecular weight than [CP9)]. Absorption data obtained for the high molecular

weight [CP9] was virtually identical to its lower molecular weight analogs, as
represent in Figure 4.20. The extinction coefficient values of the condensation

polymers are significant larger than their monomer analogs as well. This confirms the

distinctly higher transition probability of polymers.

10 :
—e— [CP3]
- 0w [CP6]
0.8 ———%——— [CP9]
— —A-—  [CPI2)

0.6

Absorbance

A s a = ==VEVEVIVEV

&

i |
|
W

AULINENINYINT
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4.10.2 Emission spectra

1000
-
S 600 A °
£ 400 - ’//J
200 - 7 \
0 Jl//ﬁ m\\h‘-___'Ooo

Figure 4.21: Fluoresces ] in THF. Aex = 310 nm,

Concentration of ¢

Shown in -,.:..-._..- 'mission fluofescence spectra of acrylic
monomer and its .V i‘" (similar results are also
obtained for the oth ' ﬁve monomeis and polym@) Obviously, the polymer
exhibited an ﬁn se flubrescence at ca. 34 nm, but the monomer displayed very

T 9 abdinds Ve A b gpmopore. To conti

that such a low emission fluorescgnee intensity, 0 of the monomgr, is not caused by

concexaatw f}@ \&.ﬂu‘oﬁeﬂd wq’gt%ﬂﬁ B their polymers

at differ8nt concentrations were recorded. The fluorescence of [P] is always stronger

weak fluoresc

than that of [7a] at any concentration. The 4-chloro-2,5-diphenyloxazole
chromophores in monomers may locate in close proximity so that intermolecular
interaction may occur and led to fluorescent quenching. On the other hand, it might be
difficult for these chromophores to form an interaction in polymers due to the reduced
mobility of the pendant chromophores that are attached rigidly to the polymer
backbone.
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The emission spectra of free radical polymers containing 4-chloro-2,5-
diphenyloxazole moiety as a pendent chain were measured in THF. The emission
bands of each polymer are more structured than the corresponding absorption bands,

indicating more planar and stiffer excited state structure.

10000
(P1]
..... [PS]
8000 [Pm1]
[Pm5]
[Pf1]
[P15]
S 6000 (Pni]
s [Pn3]
z | T AN YRR [Pnh2]
5
b= 4000 -
2000 -
0 - + = |
30— 550
17 X
Figure 4.3:' nh2] at the 1x10'M

i

o

The pﬁj%ﬁx?amﬁ WWgwrﬂsjnission maxima to the

longer wavelength, due to te hextending conjugated 7-system. It is clearly seen that

o R iisrTs (AU iy oo
intenr:a h sC i em 0 0 number of 4-

chloro-2,5-diphenyloxazole moieties were increased.
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}
The emission spectrasof-£oi polymers containing 4-chloro-2,5-
diphenyloxazole -ly—--—---—r ---- mer backbone stud: n/IHF are shown in Figure
4.23. Interestingly, TJ 0 sroader emission spectrum was

obtained. It should beshoted that the highest molecul 3 elght polymer [CP9] gave
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4.10.3 Quantum yield
The highest fluorescence quantum yield is observed for [P1], (¢r = 0.62).The
1% feed amount of 4-chloro-2,5-diphenyloxazole chromophore gave a higher

fluorescent quantum yield than the 5% feed. The high concentration of 4-chloro-2,5-

diphenyloxazole moiety probably quenches the fluorescence resulting in a lower

fluorescent quantum yield.

I'r

- -
Figure 4.24: Calculated optimum structureof tetramer o £4-chloro-2,5-bis-(4'-

e N NN
RIANITIUNRINEAY
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4.10.4 Photoluminescence of polymers in solid state

For the photoluminescence of polymers in solid state, thin fiim of polymers
were deposited on quartz substrate. The absorption spectra of the polymer as film are
similar to those in solution, and this indicates that their conformation in a solid phase
is not greatly changed in comparison with those in a solution phase. However, the
emission spectra of thin films of polymers exhibit a relatively very small redshift of 5-

8 nm with respect to those in soluti is is attributed to the disorder of the chain

formation caused by the incre ; d by intermolecular interactions in
the solid. The absorption P1], e solution and in the solid state,
is around 310 nm. These sia Gptical propeftiessseem to indicate that oxazole-based

states. Photoluminescence

polymers exhibit very st /:,:, \\uk
/8

spectra of these polyme m around 375 nm in solution

be attributed to weak interchain

interactions. These emissi ira Show@lse a vibronic fine structure, generally

and 380 nm in solid state

associated with a rigi€ the excited state. These

polymers do not show afy eVide f eXgimer formation or so-called aggregation
emission peak in the solid sfate/#id do no to lead to the formation of oxidized
sites. Photoluminescence of _'gé_,_,'{_._p’ S| 3 and [CP] was not determined due

to their poor fluoresg:

e

Table 4.13: Oﬂal properties of polymers in som state

Polymer _ | qﬁﬁi %l ?ﬂjﬁ% #. Aoy (eV)
i[ngE d 335
AP ‘ 3,15‘ nn qn -
ﬂW‘%@*&*ﬂﬁﬁﬁ[ N VT T

[Pf5] 315 382 3.44
[Pml] 327 403 331
[PmS] 328 405 331
[Pnl] 7353 - 2.9
[Pn5] 359 - 2.9
[Pnh2] 359 - 3.10

[CP] 335 - 335
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4.10.5 Optical energy gap

The optical energy band gap (AE,y) of polymers was calculated from the
absorption edge. These results indicate that the polymers are high band gap materials
of 2.99-3.44 eV. Although the polymers consisted a. small amount of 4-chloro-2,5-
diphenyloxazole moiety, band gap and emission maximum of the polymer are similar

to those of analogues monomers.

P

¥
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4.11 Cyclic voltammetry

In order to investigate the role of 4-chloro-2,5-diphenyloxazole moiety in the
polymer, the cyclic voltammetry experiments were preformed, which was used to
investigate the redox behavior of the polymer and to assess the HOMO and LUMO
energy levels. The potentials were referenced to Ag/AgCl and the reduction potential
of ferrocene/ferrocenium in acetonitrile solutions containing 0.1 M of tetrabutyl

ammonium tetrafluoroborate (TBABE the supporting electrolyte. The polymer

Table 4.14: Electrocheni ‘, woner \\ nieenergy levels of the polymers
Polymer | E' pegs’ )(V I \\. (HOMO)®© AEon ¥
///' %™ \ \ (V) (eV)

[P1] 2.16 AENT 0.34 3.35
[P5] 2.16 0.32 3.40
[P1] 218 0.50 3.42
[Pf5] 2.18 0.44 3.44
[Pml] 226 | 033 331
[Pm3] . ;‘.‘l'i—=::==:;:=-; 7033 331
[Pnl] 0.04 2.99
[Pn5] 0.04 2.9
[Pnh2] 810 3.10
[CP] FE 071 3.35

@ Red et potenti ﬁ li ).
® Cal ﬂﬁ:’nﬁ\ﬂﬁzﬁs iﬁa iﬁﬁn’j‘ﬁﬁm
© E(HOMO) Eop + ELUMO). '

@ Optical band gap derived from the absorption edge of polymer.

In the cathodic scan, the CV of [P1] shows two reduction peaks at -1.79 and -
2.16 V, respectively. By comparing with the PMMA, it is clear that the reduction peak
at -2.16 V of [P1] is attributed to the reduction of 4-chloro-2,5-diphenyloxazole
moiety in pendent. The rest of the reduction peak at -1.79 V of [P1] corresponds to
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the reduction of the main chain. The reduction potentials are gradually shifted to

higher values due to the electron-withdrawing character of incorporated nitrogen and
oxygen atoms. This behavior was obviously revealed by [Pm1], [PmS], [Pn1], [PnS5]
and [Pnh2]. However, there are no discrete anodic peaks corresponding to p-doping
processes. In contrast, the cathodic scans corresponding to n-doping processes show
the well-defined and irreversible peaks that make it possible to estimate the values of

the lowest occupied molecular orbitals (LUMOs).

|
All polymers show i ' avior: a reduction peak appeared
during a reductive scan mll ound in the reverse scan. This
‘—
suggests that these compguads*haie an uns '- e0) zed form under electrochemical
f/ \ \*\ of [Pu] > [Pm]> [Pnh2] >

ed from the nature of the

conditions. The reductig
|Pf]> unsubstituent pg
substituents: the ones wif'wi & : e i ed more readily. As shown in
Table 4.14, free radical g y &o‘f *\\ \ ptentlals similar to those of

condensation polymer]” sugg .‘1 : affinity of the 4-chloro-2,5-

- 'h
diphenyloxazole is greatlyaffécted phethe porated in the backbone or as a
pendent group.

The energy > 48 _'g ated from the following

equation:

UMO = (-4 8-E°,ed)@

Whereﬁl ugEJ ANy 'Velﬁfw,ﬂ & Mo vacuum tevel. In the

absence of a dlrect measurement, @f the oxndaggn potential, t@hlghest occupled
By P GOATHF D VGBI G o o i
band ga;a, calculated from the absorption edge of the polymer [37]. The energy levels
of the polymer containing 4-chloro-2,5-diphenyloxazole moieties are summarized in
Table 4.14. These data can be used for the selection of electrode materials in the

fabrication of polymer LED.



120
4.12 Fabrication and characterization of LEDs

The current -voltage characteristic of LEDs of acrylate polymer and poly(aryl
ether) containing 4-chloro-2,5-diphenyloxazole moieties are determined. Acrylate
polymer did not show any addition signal comparing to electrode due to an insulator

backbone.

‘ harge carrier balance, given the
irreversible reduction and-ack-0f oxida ior V. No measurable EL could be

seen till applied bias of G MeFiiither investigations are in progress to measure and

Current (1)

Y/
fr Al
) ——1

Auiaienimens

=

) A BB R e



121
Part D: Scintillation efficiency

4.13 Scintillation efficiencies of 4-chloro-2,5-diphenyloxazole derivatives

Functionalized 4-chloro-2,5-diphenyloxazoles were evaluated for the ability to
scintillate in the presence of ionizing radiation. The radioactive decay of *CI
produces S-particles. In S-particle scintillation counters, the kinetic energy from the

radiating particle is absorbed b tor molecules, which then relax via

fluorescence emission of radi t photons can be measured by a

&gm) depends on the number of

[S-particles that are lau intillatorsper, minute that have sufficient

photomultiplier tube. The si
residual energy to pro bove the threshold level set

on the amplifier/discrini

The signal of 2,5 ‘-«-u: xazo) standarc scintillator, depends on
concentration, as shown be ..'sf—.; ed an exponential relationship. The
*7 - : p p

signal was more pronouced wheil .4#\,‘ ion of 2,5-diphenyloxazole was

increased. Howeve -Q;AMLA—A;L‘,;““‘%t s were found at higher

?;'I c;ndition at 0.25 M.
i

o HUTN SIS Ay
concent qllo
Concentration (M) Counts per minute &) Counts pefisecond

ARIANT IR TINE 8 2

concentration. This s .."'. d

0.05
0.10 9 0.037

0.25 4158 17.325
0.50 65683 273.680
0.75 223287 960.362

100 594874 T 2478.641
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Table 4.16: Scintillation effi€ie

Compound

CI-PPO

[5a]

[5b]

[5¢]
[5d]

(8]

0
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tion of 2,5-diphenyloxazole

€

' iciency at 0.25 M

rivatives at 0.25 M

elative to PPO

0.236

[6a

¢ ab

h-

0 ¢

[*))
ECOOOOOOOO

104413

N
(9]
o
o

0

0
0
0
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Table 4.16 shows that the performance of the functionalized 4-chloro-2,5-

diphenyloxazole derivatives as fluor is comparable with 2,5-diphenyloxazole (PPO)
itself. which is commercially available. The high efficiency is maintained at the
optimum PPO concentration (0.25 M). Compared to 2,5-diphenyloxazole, the
scintillating efficiency of 4-chloro-2,5-diphenyloxazole is lower. Since the only
structural difference between the two is the chlorine atom. It seems that the
scintillating efficiency of 4-chloro-2,5-diphenyloxazole is somehow quenched by
chlorine atom. The addition of high nts inevitably lead to a decreased light
output. Introducing of formyl a larger scintillating efficiency
value comparing to 4-chl _ é‘nis occurs due to the higher
' ent, [Sb-d], did not give any

\ urs when color com
he O pounds
\\\\

are present in the samplefangdf e , OrisCa n ome-of. the light [38]. That is the

fluorescence quantum yield.@

signal. It is important to_g

reason why. the counti}l o \ ) - oU ds were absent. Although, the
fluorescence quantum yield o s(f' ,\ P " its scintillation efficiency is
lower. However, the préSenge ¢ L o -i';? ' ausé a reduction of the count. A
possible explanation for #e | i_ n cf »\ ¢y comparing to PPO may be

these two effects compose edCh Gthet 4 and gt of Cl group plays a dominant role.
Surprisingly, the scmtlllatm effie] ,E;s lency ,&‘ ous facilitated with the introduction
of methyl methacrylie-group, {7a}, wh “h is ever hi; her i hdn PPO. This is presumably
due to the closer ma v,— g ‘ he spectral sensitivity of

a Li-glass photomultip Jl tube (395 nm).

b

Cstl3e} Nat (1)

PMT SPECTRAL SENSITIVITY (R
SPECTRAL INTENSITY (Rel

450 506 550 600
WAYELENG TR {"m]

Figure 4.27: Response curves for widely use photomultiplier tube (PMT)
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Additionally, the presence of bulky group, which interferes with two

molecules coming together in the proper orientation for excimer formation, eliminates
self-quenching. PPO, undergo self-quenching, have a planar configuration, which is
unhindered by the approach of a second molecule. The comparing scintillation

counting efficiency of 4-chloro-2,5-diphenyloxazole derivatives are shown below.

3000

2500 A

2000

1500 +

1000 A

% Efficiency at 0.25 M relative to PPO

500 -

Figure 4.28: Scintillation-€fatienc €S r0-2,5-diphenyloxazole derivatives

N & : X i,
Scintillation €15 and” conformer of scintillate

containing molecule, sorescence quantum yields and th the spectral distribution of

the emission inﬂﬁﬁtﬂtwﬁl%ﬁiﬁﬁoﬁ%ﬁnﬁIlation counter.
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4.14 Scintillation efficiency of polymers containing 4-chloro-2,5-diphenyloxazole

derivatives

The scintillation efficiency of polymers containing 4-chloro-2,5-
diphenyloxazole derivatives is shown in Table 3.13. The maximum scintillation
efficiency was found in [P1]. Scintillation efficiencies of polymer containing
substituent 4-chloro-2,5-diphenyloxazole derivatives were quenched, as expected, due

to the color quenching. Comparing withi BPO, scintillation counting value was low,

even 1% of scintillating unitean-detect the idhtZligwadiation. Interesting, scintillation
efficiency of [P5], increasiageo tillati MRt tuR,C ut a lower result than [P1]. A
possible explanation £ it t \\ ieiency is due to the lower
fluorescence quantum aiso proved in condensation
atin t increased. the signal was
quenched. Besides, incogpors : L d 'e yloxazole in the polymer

backbone presumably I€d t O, $12 ¢e the catenation angle at the oxazole

Table 4.17: Scintillats r’f | of polymer containing 2,5-

diphenyloxazole desivatives: at 0.25 M v
Compound - » Bfficiency at 0.25 M

] -
_relative to PPO

[PLlg 55 987 54
—[—ﬁﬁjﬂlﬂ%ﬁgﬁ 3 jfifill

[Pfl | 0 0 %‘ 0o
— Pmi] 0 0 0
[Pm5] 0 0 0
[Pnl] 0 0 0
[PnS] 0 0 0
[Pnh2] 0 0 0
[CP] 0 0 0
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Part E: Electrospinning

4.15 Electrospinning

To fabricate fluorescent polymer, the electrospun membranes were prepared
on glass substrates. The SEM images in Figures 4.29 and 4.30 were obtained from
the electrospun membrane of the polymer [P1] with PMMA matrix and PS,
respectively. These images show the\ 1&1{2 structure of the electrospun membrane
with a diameter ranging from approxim um, which is typical of electrospun

fibers.

=y
=1

Figure 4.30: SEM image of an electrospun membrane of [P1] in PS matrix
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Figure 4.33: SEM image of an electrospun membrane of [CP] in PS matrix

An interesting feature found in Figures 4.32 and 4.33 was bead formation
along their length. The beads observed have a wrinkled, “raisin”-like surface texture
that is different from the smooth ellipsoids, Figures 4.29, 4.30 and 4.31. This is most

likely attributable to collapse of the ellipsoids after evaporation of the residual
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solvent. The bead morphology has been previously documented for electrospun fibers,

and is affected by processing condition. These polymers can be fabricated and used
for high throughput screening proposes.

The fluorescence property of the electrospun fibers was analyzed using
fluorescent microscopy. The results demonstrate the blue emission of acrylate

polymer and poly(aryl ether) oxazole.

i
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