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ABSTRACT

SYNTHESIS AND PROPERTIES OF WEATHERABLE POLYMERS
DERIVED FROM HYDROXYBENZOPHENONES

In this thesis, we have synthesized polymers with dlbsorbing moieties in their
structure which give them resistance to the sumslhimd thus, make them suitable for
outdoors applications. These moieties were chosmm shat they are rearranged to
hydroxy benzophenone type of UV absorbers undeawidilet radiation via Photo-Fries
Rearrangement. In other words, these polymers madnaroved weatherability. The
project involved first the synthesis of the mononteen the homo-polymerization of the
monomer followed by the co-polymerization of it vitmethyl methacrylate and finally
investigation of absorption behaviors of the polysnénder ultraviolet radiation before and
after Photo-Fries Rearrangement. Thus, synthests @operties of polymers with

potentially increased weatherability will be dissed.
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OZET

HIDROKSIBENZOFENON iCERIKL i ACIK HAVAYA DAYANIKLI
POLIMERLER iN SENTEZi VE OZELL iKLER i

Bu tezde, gung ve acik havaartlarina dayanikli maddeler iceren polimerler
sentezlendi. Polimerdeki bu maddeler mordtesnaya maruz kaldiklarinda Foto-Fries
DonGsimuyle hidroksibenzofenonlara dénie 6zellgine sahipler. Bu sayede, morétesi
Isimas! altinda iken ilk olarak hidroksibenzofenompi tmorétesi gima absorplayan
maddelere donsgrek ikinci kez morotesgimadan gelen enerjiyi §garma 6zellgi edinmi
oldular. Bu da polimerlerin daha uzun sire géne acik havaya dayanikli hale gelmesini
sagiladil. Projedeki sentezs@malarini oncelikle monomer sentezi daha sonreeskemen
monomerlerin homo- ve metil metakrilat ile co-padirferinin sentezi ve en son olarak da
bu polimerlerin mordtesisima altindayken absorplama o6zelliklerinin belirlezsn ve
bunlarin morétesisima yapan bir reaktdrde polimerlerin Foto-Fries ¥iimine maruz

kaldiktan sonraki absorplama 6zellikleri ile kiyasihasi olgturmaktadir.
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1. INTRODUCTION

Weatherable Polymers

Polymeric materials that are used for outdoor @ppibns must have resistance
against long term outdoor exposure. Therefore tresistance has to be improved by
structural modifications or additives. These typdspolymers are called weatherable
polymers. Their physical properties are stabilibgdncorporation of the several chemical
additives into their structures. As a result, ddgteon of polymers by the effects of air

(oxygen), light, temperature and other stimulaats loe prevented. [1]

Weatherable polymers should contain many properfiéey have to be:

» Stable under sunshine
* Resistant to scratch

* Resistant to chemicals
* High impact resistant

» Stable over a broad range of temperature

There are many applications of weatherable polyrnmersdustry. Most commonly,
they are used in automotive, textile, agricultw@smetics industries where they are used

to protect the goods from the negative effecthefdutdoor conditions.

Negative effects of sunshine are the most impogpaoblems for materials that are
used in outdoor. Since the sun also emits ultravibyht this cause degradation of the
materials under this high energy radiation. Theeefprotection from the solar radiation is
crucial for these materials. They can be protedteth the ultraviolet radiation in two
ways. First, materials may be designed such tregt #ine UV transparent as a result they
become resistant to UV radiation since they doatsorb light at the UV region. Second,
materials may contain UV responsive chemicals &ir tbtructure which protect them from

the negative effect of the light.



1.1.1. UV Transparent Polymers
UV transparent polymers are not influenced by thé rddiation coming from the
sunshine. Such polymers do not contain any chroomgsh that absorb ultraviolet

radiation. Therefore, UV light exposed by the santransmitted through the material

without any degradation on the polymer matrix (Feg.1).

CH CH
| | |
Figure 1.1. An example of transparent polymer
1.1.2. UV Responsive Polymers
Protection of materials from degradation by expeafrsunlight can be managed by
adding UV responsive polymer (example in Figure.)li@to the material. Such UV
responsive polymers have incorporated UV absorlmetmes in their structure. Therefore,

the UV absorbers in such polymers make materias dahe coated with these polymers

stable under UV radiation.

NH,

Figure 1.2. An example of UV responsive polymerdusecosmetics [2]



1.2. UV Absorbers

UV absorbers are additives that are protecting nadgéefrom the harmful effects of
the UV radiation coming from the sunshine. In gahahese materials show the following
properties; absorption between 290 and 400 nm edupith transparency in the visible
range, stability during long term exposure to lighmd chemical inertness to their
environment [3]. There are many commercially avd#dacompounds that have UV
absorber properties. The most common ones are pleeaones, benzotriazoles, triazines,
oxanilides, and cyanoacrylates (Figure 1.3.)

R o} o}
. H—oO R,
N
— \
N
N /
Rz
benzophenone benzotriazole R,
Ar HO
H (0]
>:N
N Arz
N
\ / Arl/ N
——N
O H
Ar
triazine oxanilide
Ph CN

OR
Ph

O

cyanoacrylate

Figure 1.3. Examples of some common UV absorbers



1.2.1. Principle of UV Absorbers

For most of the UV absorbers, UV-protection of miate is achieved by a similar

mechanism; they all make intramolecular hydrogemdiotg (Figure 1.4.).

H

H
(0] \O o/ o)

hu \
. -A
R
o/ O/

Figure 1.4. An example of reversible intramolecylaoton transfer

The UV absorber molecules are excited to theit &sited singlet state (Bby the
UV radiation. Then, they undergo excited stateamiolecular proton transfer (ESIPT) to
create proton transferred species in their firsited singlet state (§. The excited proton-
transferred species’(pthen loses their energy by a nonradiative decaggss in the form
of thermal energy which is transferred to the mata form the ground state proton
transferred species 6% Thus in the overall process, the solar energgissipated in a

nonradiative way and materials are protected fioeniV radiation (Figure 1.5.). [4]

Excited State S;—

~
~
~
~
~
~
~
~

ESIPT x s,

h
v Radiationless Decay

Proton Transfer %

—"—'-— SO

>

Ground State Sy ——

"normal form" "proton transferred form"

Figure 1.5. Energy dissipation of UV absorberstiyaimolecular proton transfer



1.2.2. UV Absorbersin Application

UV absorbers can be introduced in two ways: they loa added directly into the
material as small organic additives (Figure 1.6.}Jh@y can be used in polymeric forms.
Direct addition of UV absorbers into the polymematrices of materials is a very rapid
and easy way to protect these materials from thmfiud effects of the solar radiation.
However, some problems may be encountered by tetkad. Firstly, small UV absorber
molecules have a tendency to migrate to the suidhdbe polymeric matrices, and as a
result, homogeneous distribution can not be obthifiis may reduce the life times of the
UV absorbers. Secondly, stabilizer molecules magngk the physical properties of the
polymeric matrices. Therefore, materials may losee important physical properties

while protected from the UV radiation.

N

Ri: Alkyl or aryl
R2: Hydrocarbyl acyloxy

Figure 1.6. An example of small molecule UV adai\5]
1.3. Polymeric UV Absorbers

UV absorbers are incorporated into the polymerkerathan added directly into.
Although these polymers may have some disadvant#ugsis the most effective method
to use UV absorbers. There are two ways to incatpahe UV absorbers into polymers:
they can be added to the backbone as a repeatruhiéy can be incorporated as pendant

groups.



1.3.1. UV Absorbersat the Backbone of the Polymers

There are many examples of the polymers havingnpetic backbone with UV
absorbing moieties. Such polymers are obtainedbgensation polymerization methods.

OH
O

K™\

Figure 1.7. An example of polymer with UV absorbentaining backbone [6]

The example in Figure 1.7. displays hydroxy beneopime moieties belonging to a
polyarylate polycarbonate blend. These types afiddeor copolymers have the ability to

absorb UV radiation.
1.3.2. UV Absorberson the Pendant Group of the Polymers

UV absorber moieties can be added as pendant grobpsUV absorber molecules
can be condensed with an olefinic acrylic chlorfdeethacrloyl-, acryloyl- chloride) and
then the olefinic part of the resulting monomer Iwile polymerized via radical
polymerization techniques. There are many examplddV stable polymers containing

the UV-stabilizers on their pendant groups (Figu&).

4{22—3
| In

H,C (e} OH
2 \C/
Hz

o

Figure 1.8. An example of a monomer which contalNsstabilizer on the pendant group

[2]



Polymeric UV absorbers have many advantages whempaeed with the small UV
absorber molecules. However, they may also have sooblems. For examples polymers
having hydroxy benzophenone type of UV absorberthéir repeating units have some
miscibility and solubility problems due to the pb&a groups. In the literature, to cope
with these problems aromatic esters which can @ulen situe Photo-Fries
Rearrangement and give the hydroxybenzophenondigmigere used. Our project as will
be discussed in the following sections mainly inesl a similar process where this time

the pendant groups will undergo the Photo-FriearRangement.

1.4. Photo-Fries Rearrangement

Fries Rearrangement is known as the rearrangeniearbmatic esters and amides
into the corresponding phenol and aniline in thespnce of AIGL Although the
mechanism has not been clarified yet the most &demechanism is the radical

mechanism (Figure 1.9.).

5 Q.

Figure 1.9. Mechanism for the Fries Rearrangemgnt |

The same rearrangement can be carried out via sogtemical process called
Photo-Fries Rearrangement. This type of rearrangemecurs under UV radiation via,

again, a radical mechanism. Photons cleave estadéx bond homolytically and radical



on the oxygen is delocalized in the aromatic rikgy@re 1.10.). Then, termination step

occurs by coupling with the carbonyl carbon radical

9 Wl 9 0 0 0 §
Qkﬁijh,é.ﬁé\)k—»?

Figure 1.10. Mechanism of Photo-Fries Rearrangem@nt

This type of rearrangement gives ortho- and paraduyxts as a result of different
pathways described in the literature by Bellus Bpwever, the ortho- one is the major

product.

1.4.1. Polymers Capable of Forming UV Stabilizersvia Photo-Fries
Rearrangement

Hydroxy benzophenone types of UV stabilizers haw@es problems as mentioned
earlier. The first problem is the process calledtphyellowing. Most of the hydroxy
benzophenones absorb radiation around UV regiom aviail through 400 nm that results
in a yellow appearance of the materials. [9] ThguFe 1.11. displays the UV spectrum of
2, 4-hydroxy benzophenone (2, 4(@QH#enzophenone) in ethanol at 5. We can see the
characteristic absorption behaviors of hydoxy beheoones from this spectrum. It has a
tail through 400 nm that is typical for hydroxy zephenones. The second problem with
hydroxy benzophenone is the solubility. Becauseahef hydroxy unit on the stabilizer
molecules, solubility in organic solvents becomegrablem. After polymerization step,

also miscibility problems occur with other polymers



Absorbance
-

B0 260 ann 320 340 Y] 280 400

Wavelength {nm)

Figure 1.11. UV-Vis Spectrum of 2, 4(OFhenzophenone in Ethanol at 25 [9]

Photo-Fries Rearrangement in principle should enalthe synthesis of
hydroxybenzophenone type of polymers where aronestiers can be used as precursors
for the uv absorbing hydroxybenzophenone moiti¢es€ type of polymers should have
the ability to protect materials from the solar iaéidn by undergoing Photo-Fries

Rearrangement to form the UV absorbing moieties.

In addition, UV absorbers obtained by Photo-FriesafRangement formed at the
surface of the polymers may protect the remainiolgrper matrix underneath. When they
are washed out with time, the remaining part wéllrbady to undergo the rearrangement to
form a new hydroxy benzophenone. By this way, p@ssnwill have an elongated life

time.

Such polymers with hidden (precursor) stabilizersiclv can be converted to
hydroxy benzophenone via Photo-Fries Rearrangemnedér solar radiation have been
reported in condensation polymers. Block copolyestbonate in the Figure 1. 12. is an

example of such polymers.
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0 0
Rl
N (o]
%o—#—o%o‘@o X
AU |

/ / n
Photo-Fries Rearrangement]
with solar radiation

OH

Figure 1. 12. Example of Weatherable Polymers HauN Stabilizer via Photo

Fries Rearrangement on the Backbone [10]

2-vinyl-resorcinol monobenzoate is another exangbla monomer of the polymers
that is forming UV stabilizer via Photo-Fries Reargement under solar radiation (Figure
1. 13.). This is an example of polymer that hagdddn stabilizer unit at the pendant group
of the polymer.

\/O (o}

Photo-Fries Rearrangement|
with solar radiation

Figure 1. 13. Example of the Monomer of a WeatherBlolymer that have UV
Stabilizer via Photo Fries Rearrangement at thel®&&nGroup [11]
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2. OBJECTIVES

UV stabilizing moieties have been used in polymdaons to form weatherable
polymers that are stable for years. There are nexaynples of weatherable polymers
having hydroxy benzophenone type of stabilizerhieirt repeating units. However, these
types of stabilizers have problems: firstly, thdysarb radiation through 400 nm which
creates a yellow appearance for the polymer asiomatt earlier. The second problem is
the solubility and miscibility problems of the U\bsorbing polymers due to the hydroxyl

units on the benzophenone structure.

In the literature, there were several attemptsteesthese problems by using Photo-
Fries Rearrangement. Synthesis of polymers havepgating units that are capable to
form hydroxy benzophenone under solar radiationRhato-Fries Rearrangement helped
to solve problems. However these polymers were méage only condensation

polymerization techniques.

In this study, the goal was to synthesize a phesponsive olefinic monomer, 3-
(methacryloyloxy) phenyl benzoate, and its corresiiag homo- and copolymers with
methyl methacrylate. The resulting polymers andotopers should undergo the Photo-
Fries Rearrangement under solar radiation whichredult in a uv resistant weatherable
polymer. Thus, the investigation of the absorpti@mavior of these polymers under UV

radiation was also targeted.

A second target of this study was the synthesis eécond set of polymer from the
monomer, 3-(2-(methacryloyloxy) ethoxy) phenyl besiz which again should give a uv-

responsive weatherable polymer.
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EXPERIMENTAL

3.1. Monomer Synthesis

3.1.1. Materials

Resorcinol (Acros Organic, 98%), benzoyl chloridAcros Organic, 99%),
triethylamine (Aldrich, 99.5%), sodium bisulfate I[{ka, 95%), metacryloylchloride
(Aldrich, 97%), ethylene carbonate (Aldrich, 99%jphenylphosphine (Fluka, 98.5%),
aluminum oxide (Fluka, basic) were used as receiwdthout purification. Methyl
methacrylate (Aldrich, 99%) was used as it is nem@i Azobisisobutyronitrile (AIBN)
(Aldrich, 99%) was purified by recrystallyzation methanol. All glassware, needles, and
stirring bars were dried overnight in an oven a 16 and purged with nitrogen before
use.

The solvents: methylene chloride, toluene, methahekane, ethyl acetate and
toluene were all obtained from Merck and used esived.

3.1.2. Apparatus

'H-NMR and *C-NMR were recorded using a Varian Gemini 400MHz
spectrometer. GPC analyses were done using a ¥lsadE2001 GPC Solvent/Sample
Model with a PL Gel 5um MIXED-C Column that was calibrated against pofyshe
standards. All UV-Vis spectra were measured with thvV-2401PC (Shimadzu) UV

spectrophotometer. Photoreactions were performaccistom made UV reactor.

3.1.3. Synthesis of Resorcinol Monobenzoate

Resorcinol (55 g, 0.5 mol), triethylamine (101.19 gnol) , methylene chloride (280
mL) were added into 1000 mL three-necked roundoboflask fitted with a condenser and
magnetic stirring bar. Benzoyl chloride (14 g, hal) in methylene chloride (25 mL) was
added into the mixture dropwise. Addition was casbglin 20 min. The mixture was
washed with 2N HCI, then three times with 250 mLteva The organic layer was

separated, dried over sodium bisulfate and solwast evaporated under reduced pressure



13

to give 17.28 g of mixture of resorcinol mono- asidsters. Resorcinol monoester was
purified via basic aluminum oxide column chromatgry (hexane: ethyl acetate / 4: 1) in
54 % yield.

'H NMR (CDCE): &= 6.71 (d, 2H, aromatiél), 6.78 (d, 1H, aromatitl), 7.26 (t,
1H, aromaticH), 7.51 (t, 2H, aromatitl), 7.64 (t, 1H, aromatitl), 8.20 (d, 2H, aromatic
H) ppm.

13C NMR (CDCE): 8= 165.68 £=0], 152.01 (aromatic GO), 156.96 (aromatic C,
CO), 133.95 (aromatic C), 130.46 (aromatic C), 18@a&omatic C), 129.65 (aromatic C),
128.83 (aromatic C), 114.00 (aromatic C), 113.9%r(atic C),113.55 (aromatic C),
113.52 (aromatic C), 109.63 (aromatic C) ppm.

3.1.4. Synthesis of 3-(M ethacryloyloxy) Phenyl Benzoate

Resorcinol monobenzoate (10 g, 0.0467 mol), triathyne (4.73 g, 0.0467 mol),
methylene chloride (25 mL) were added in into 100 three-necked round bottom flask
fitted in ice on magnetic stirring bar. Methacrlahloride (5.37 g, 0.0514 moles) in
methylene chloride (5 mL) was added into the mitdrop wise. After addition was
complete, the mixture was brought to room tempeeatihe mixture was washed with
sodium bicarbonate (saturated, 50 mL), then threest with 50 mL water. The organic
layer was separated, dried over sodium bisulfatesatvent was evaporated under reduced

pressure to give 10 g of monomer in 76 % vyield.

'H NMR (CDCh): &= 2.06 (s, 3HH, COCH), 5.77 (s, 1HH, HC=C), 6.36 (s, 1H,
H, HC=C), 7.11 (m, 3H, aromatld), 7.44 (t, 1H, aromatitl), 7.51 (m, 2H, aromatikl),
7.64 (m, 1H, aromatikl), 8.20 (m, 2H, aromatiel) ppm.

3C NMR (CDC): &= 165.72 £=0], 165.06 £=0], 151.67 (aromatic CCO),
135.87 (olefinic C), 134.07 (aromatic C), 130.04ofaatic C), 128.87 (aromatic C),
127.89 (olefinic C), 18.64 (aliphatic C) ppm.
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3.1.5. Synthesis of 3-Acetoxyphenyl Benzoate

Resorcinol monobenzoate (0.235 g, 1.1 mmol.),hylamine (0.111 g, 1.1 mmol),
methylene chloride (7 mL) were added into a 25 hreé-necked round bottom flask fitted
with a condenser and magnetic stirring bar. Acefyloride (0.079 g, 1 mmol) in
methylene chloride (3 mL) was added into the mixtdrop wise. Addition was complete
in 5 min. Reaction was monitored with thin layerarhatography (TLC) and completed at
2 hours. The mixture was washed first with NaOH%» to remove excess resorcinol
monobenzoate and second with 2N HCI to removehiriaimine, then three times with 250
mL water. The organic layer was separated, driegt gedium bisulfate and solvent was
evaporated under reduced pressure to give 0.133-@qoetoxyphenyl benzoate with 51 %

yield.

'H NMR (CDCL): 3= 2.22 (s, 3H, CHIH), 6.98 (m, 3H, aromatitl), 7.44 (m, 3H,
aromaticH), 7.57 (m, 1H, aromatid), 8.12 (m, 2H, aromatigl) ppm.

13C NMR (CDC}): &= 20.07 (OCHSs), 114.63 (aromatic), 118.04 (aromatic), 118.14
(aromatic), 127.60 (aromatic), 128.27 (aromati®8.X5 (aromatic), 129.18 (aromatic),
132.71 (aromatic), 150.17 (aromatic), 150.37 (atm)pal63.73 £=0], 168.03 C=0]

ppm.

3.1.6. Synthesis of Symmetrical Resorcinol Diether by the Reaction of Resorcinol

Monobenzoate and Ethylene Carbonate

Resorcinol monobenzoate (3.85 g, 0.014 moles), laiky carbonate (2.46 g,
0.028mol) and triphenylphosphine (0.011 g, 4.2Xhiol) were added into 25 mL one-
necked round bottom flask fitted and magneticisgribar in constant pressure. Reaction
was carried out under nitrogen at 1M for 5 h. The resulting mixture was dissolved in
methylene chloride and washed three times with R5vater. The product was purified by

silica column chromatography (methylene chloriece) 7% yield. [14]
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'H NMR (CDCh): 3= 4.20 (t, 4HH, O-CHp), 4.57 (t, 4HH, O-CHp), 6.48 (m, 3H,
aromaticH), 7.12 (m, 1H, aromatikl), 7.34 (t, 4H, aromatitl), 7.45 (m, 2H, aromatiel)
7.96 (d, 4H, aromatikl) ppm.

3C NMR (CDC}): 3= 63.52 (GCH,), 66.33 (GCHy), 102.36 C, aromatic), 107.69
(C aromatic), 128.59C¢ aromatic), 129.97C¢ aromatic), 130.16G aromatic), 130.30Q
aromatic), 133.31¢ aromatic), 160.10 (OH aromatic), 166.720=0] ppm

3.2. Polymer Synthesis

3.2.1. The Solution Polymerization of Olefinic Monomerswith AIBN

All liquid chemicals were purged with nitrogen far least 20 minutes prior to use.
The polymerization was conducted in a one-neckadddottom flask. The solid initiator
Azobisisobutyronitrile (AIBN) and the monomer(s) weadded into a reaction flask fitted
with a stirring bar and which had been sealed wittber septa and purged with nitrogen
for 15 minutes. Toluene (1:1 in volume with monog)avas added to the reaction flask by
syringe. The resulting mixture was stirred and degd until the initiator and monomer
were dissolved. Polymerization was carried out umieogen at 70C for 4 h. The final
polymer was dissolved in methylene chloride, prégipd into hexane and dried in a

vacuum oven overnight. [15]

Monomer conversion was determined by gravimetrithods. The determination of
the molar masses and the molecular weight distabsthas been carried out by size
exclusion chromatography (SEC) with a refractonsetietector with poly (styrene) (PS)
standards. Characterization of the polymer sampées been performed by proton and

carbon NMR spectroscopy.
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3.2.2. The Procedurefor the Purification of the Resulting Polymers

Resulting polymers were precipitated into methylenleride / hexane and dried in a
vacuum oven overnight. The pure polymers were tlissan chloroform and analyzed by
GPC and NMR.

3.2.3. Solution polymerization of 3-(methacryloyloxy) phenyl benzoate

All liquid chemicals were purged with nitrogen far least 20 minutes prior to use.
The polymerization was conducted in a one-neckadddottom flask. The solid initiator
Azobisisobutyronitrile (AIBN) (1.74x18 g, 1.06x1¢ mmol) and 3-(methacryloyloxy)
phenyl benzoate (0.6 g, 0.0021 mol) were addedamnteaction flask fitted with a stirring
bar and which had been sealed with rubber septgampgkd with nitrogen for 15 minutes.
Toluene (1 mL) was added to the reaction flask yaynge. The resulting mixture was
stirred and degassed until the initiator and monowezre dissolved. Polymerization was
carried out under nitrogen at 70 for 4 h. The final polymer was dissolved in métimg

chloride, precipitated into hexane and dried irmawm oven overnight.

'H NMR (CDCk): 3= 0.87 (m,H, at the backbone), 1.43 (H, at the backbong
1.49 (m,H, at the backbone), 1.70 (4, at the backbone), 1.73 (4, at the backbone),
2.21 (m,H, at the backbone), 6.96 (m, aromaltic on the pendant group), 7.39 (m,
aromaticH, on the pendant group), 7.52 (m, aromé&tjoon the pendant group), 8.06 (m,

aromaticH, on the pendant group), ppm.

3.2.4. Solution copolymerization of 3-(methacryloyloxy) phenyl benzoate with methyl

methacrylate

Experiment 1 (Preparation of 10 % copolymer), All liquid chemlis were purged with
nitrogen for at least 20 minutes prior to use. pbe/merization was conducted in a one-
necked round bottom flask. The solid initiator Ami$obutyronitrile (AIBN) (8.3x10 g,
5.09x10° mmol) and 3-(methacryloyloxy) phenyl benzoate (,3.1 mmol) were added
to a reaction flask fitted with a stirring bar awtiich had been sealed with rubber septa

and purged with nitrogen for 15 minutes. Toluenen(l) and methylmethacrylate (0.957
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g, 9.56 mmol) were added to the reaction flask yaynge. The resulting mixture was
stirred and degassed until the initiator and monowezre dissolved. Polymerization was
carried out under nitrogen at 70 for 4 h. The final polymer was dissolved in métimg

chloride, precipitated into hexane and dried irmawm oven overnight.

'H NMR (CDCH): &= 0.86 (m,H, at the backbone), 0.96 (H, at the backbone),
1.38 (m,H, at the backbone), 1.43 (i, at the backbong 1.70 (sH, at the backbone),
1.73 (s,H, at the backbone), 1.81 (H, at the backbone), 1.92 (i, at the backbone),
2.11 (m,H, at the backbone), 7.07 (m, aromaltic on the pendant group), 7.42 (m,
aromaticH, on the pendant group), 7.52 (m, aromé&tjoon the pendant group), 7.63 (m,
aromaticH, on the pendant group), 8.18 (m, arombkjon the pendant group) ppm.

Experiment 2 (Preparation of 20 % copolymer), All liquid chemls were purged with
nitrogen for at least 20 minutes prior to use. pb/merization was conducted in a one-
necked round bottom flask. The solid initiator Aigobutyronitrile (AIBN) (5.8x10 g,
3.55x10%* mmol) and 3- (methacryloyloxy) phenyl benzoatd @. 1.42 mmol) were added
to a reaction flask fitted with a stirring bar awtlich had been sealed with rubber septa
and purged with nitrogen for 15 minutes. Toluenen(? and methylmethacrylate (0.567
g, 5.67 mmol) were added to the reaction flask yaynge. The resulting mixture was
stirred and degassed until the initiator and monowezre dissolved. Polymerization was
carried out under nitrogen at 70 for 4 h. The final polymer was dissolved in métimg

chloride, precipitated into hexane and dried irmawm oven overnight.

Experiment 3 (Preparation of 30 % copolymer), All liquid chemlis were purged with
nitrogen for at least 20 minutes prior to use. pbi/merization was conducted in a one-
necked round bottom flask. The solid initiator Amiobutyronitrile (AIBN) (5.8x10 g,
3.55x10° mmol) and 3 (methacryloyloxy) phenyl benzoate @.8.12 mmol) were added
to a reaction flask fitted with a stirring bar awtiich had been sealed with rubber septa
and purged with nitrogen for 15 minutes. Toluenen? and methylmethacrylate (0.496
g, 4.96 mmol) were added to the reaction flask yaynge. The resulting mixture was
stirred and degassed until the initiator and monoweze dissolved. Polymerization was
carried out under nitrogen at 70 for 4 h. The final polymer was dissolved in métimg

chloride, precipitated into hexane and dried irmaumm oven overnight.
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3.3. Investigation of Absorption Behaviorsat UV region

3.3.1. UV Spectra of 3-Acetoxyphenyl Benzoate, Resor cinol Diether and Polymers

For the measurements parent stock solutions usatijytene chloride were prepared
and other solutions were obtained from the dilutbthe parent ones. Molar absorptivity
constants were calculated from the absorption gersmincentration graphs drawn with
Microsoft Excel. Photoreactions were performed i\ reactor (Ultraviolet Co, RPR-

2537 A’ Temp lamps were used)

3.3.2 UV Spectra of 3-Acetoxtphenyl Benzoate

2.1 mg 3-acetoxyphenyl benzoate was dissolved imR5Snethylene chloride (3.28
x 10% M 3-acetoxyphenyl benzoate). This stock soluti@s when diluted to 0.82 x Tom,
0.41 x 10* M, 0.21 x 10¢* M for other measurements. UV spectra of these $olutions
were taken with the spectrophotometer and molaorakisity coefficients were calculated

from the absorption versus concentration graph.

3.3.3 UV Spectra of Resorcinol Diether

25.8 mg resorcinol diether was dissolved in 100 nmthylene chloride (1 x TOM
resorcinol diether). This stock solution were ditlito 5 x 13 M, 1 x 10* M, 5 x 10° M.
UV spectra of these three diluted solutions wekerawith the spectrophotometer and
molar absorptivity coefficients were calculatednfraéhe absorption versus concentration
graph. [12]

3.3.4. UV Spectra of Polymers

10.4 mg of polymers was dissolved in 50 mL methglemloride (0.208 g/L of
polymer). Five solutions (0.104, 0.052, 0.026, G.@hd 0.0065 g/L) were prepared by
dilution of stock one. UV spectra of these six $iols were taken with the
spectrophotometer and molar absorptivity coeffitsemere calculated from the absorption

versus concentration graph.
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3.3.5. Procedurefor the Photor eactions

The prepared stock solutions of materials wereipuat the irradiation box where
they were exposed to UV radiation for 25 min. Tiarges in absorption behaviors of
materials were monitored with the UV spectrophottemat &, 6", 9", 15" 25" minutes

of the reaction.
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4. RESULTS AND DISCUSSION

The aim of this project is to obtain UV absorbinglymers with improved

weatherability and elongated life time.

In this section, we report the synthesis and mation of UV absorber monomers,
polymers. Then, the absorption behaviors of thehgsized polymers will be discussed. In
addition, we will report the formation of an unegfe resorcinol diether product from the

reaction of resorcinol monobenzoate and ethylensooate.

4.1. Synthesisand Purification of the monomer (3-(Methacryloyloxy) Phenyl

Benzoate

3-(Methacryloyloxy) Phenyl Benzoate was synthesigetivo steps. In the first
step, resorcinol and benzoyl chloride were reaatetthe presence of triethylamine in
methylene chloride at room temperature to formn@sol monobenzoate (Figure 4.1).
At the second step, resorcinol monobenzoate wasekavith methacryloyl chloride in
the presence of triethylamine in methylene chlo@tleoom temperature to form the
monomer 3-(Methacryloyloxy) Phenyl Benzoate (Figdi/d).

4.1.1. Synthesis of Resorcinol M onobenzoate

This reaction gave two products; resorcinol monod aibenzoate. To obtain
resorcinol monobenzoate as the major product wed tesorcinol in excess amount. In
this reaction, TEA was used for three reasons.fifsiereason is to neutralize HCI that
formed during the reaction. The second reason isn&ke resorcinol soluble in
methylene chloride. TEA can also act as an acdelersince it may form a acyl
ammonium intermediate with benzoyl chloride whisha better leaving group than
chloride and thus the reaction is accelerated. rEigd.2. displays the reaction

mechanism in the presence of TEA.
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TEA, CHZCIZ
20 min, RT o

Figure 4.1. Synthesis of Resorcinol Monobenzoate
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©)‘\ N(Et)3+C| \©/ : JL /O\

Figure 4.2. Mechanism of the Reaction of Resoramith Benzoyl Chloride

<o

4.1.2. Characterization of Resorcinol M onobenzoate

In the synthesis of resorcinol monobenzoate, mation was carried out with basic
aluminum oxide column chromatography. We confirntieel purity of resorcinol mono-

and dibenzoate biH- and**C- NMR as indicated at the experimental section.

Figure 4.3 shows théH-NMR of the product of the reaction of resorciraid
benzoyl chloride before purification. This spectrumdicates the formation of resorcinol
mono- and dibenzoate in the reaction. We calculttegercentages of these two products
by looking at the integration values in the proddMR. Calculations show that, resorcinol

monobenzoate was formed in 75 %.

For the purification, we tried to segga resorcinol mono- and dibenzoate by

deprotonation of monoester with NaOH (5 %) durirgyaction. However, monoester was
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hydrolyzed rapidly by the addition of NaOH. Themefo we purified resorcinol
monobenzoate by column chromatography. The putificawas carried out with basic
aluminum oxide packed column with solvent systenxahe: ethyl acetate (4: 1).

Resorcinol monobenzoate was obtained with an dwaeddl of 54 %.

The 'H and *C NMR of the purified resorcinol monobenzoate dhdNMR of
resorcinol dibenzoate are shown in Figure 4.4.,. 46d 4.6 respectively. The
corresponding peaks for each carbons and protomsingiicated in the experimental

section.
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Figure 4.3*H NMR of the Product of the Reaction between Resot@nd Benzoyl Chloride before any Purification.
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4.1.3. Synthesis of (3-(Methacryloyloxy) Phenyl Benzoate from Resorcinol

M onobenzoate

In this synthesis, resorcinol monobenzoate and aceytoyl chloride were used as
reactants, methylene chloride was used as solvehTBA was used as catalyst and base
scavenger (Figure 4.7.). Methacryloyl chloride added in excess amount to simplify the
purification step where the excess acid chloride lma extracted out easily in the form of
an acid salt by simple basic extraction. This fieactvas carried out at room temperature

and it was monitored with TLC (silica plates witletinylene chloride).

/@\ TEA, CH2CI2 /@\
O OH Cl 20 min, RT (0} (0}
Figure 4.7. Reaction of Resorcinol Monobenzoaté Wiethacryloyl Chloride
4.1.4. Characterization of (3-(Methacryloyloxy) Phenyl Benzoate
Purification of the monomer, (3-(Methacryloyloxyhéhyl Benzoate, was done by
extraction with saturated NaHGOPurity of the monomer was verified Byl and *C

NMR as listed in the experimental section.

Figure 4.8. and 4.9. displays the and®*C NMR of (3-(Methacryloyloxy) Phenyl

Benzoate respectively.
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4.2. Homo- and Copolymerization of the monomer (3-(M ethacryloyloxy) Phenyl

Benzoate

The monomer was polymerized via conventional rdgolymerization in solution.

Polymers were synthesized at 70 in toluene. Homopolymer of (3-(Methacryloyloxy)

Phenyl Benzoate, and copolymers with 10, 20, 30 %4hs monomer with methyl

methacrylate were synthesized. This allowed us dmpare absorption behaviors of

polymers that contain different amounts of the U&bdizer moieties (resorcinol esters).

[13]

Purification was done by precipitation in hexanelyfers were characterized Hy
NMR (figure 4.10., 4.11., 4.12., and 4.13.) and GR@le 4.1.).

Table 4.1. Molecular Weights and Polydispersityeiadata of Polymers

Entry Polymers
Monomer 1 | Monomer 2 Mh NMR ratio of | PDI
(g/mol) Monomer 1
1 10 % 90 % 32,126 16 % 2.052
2 20 % 80 % 39,364 23 % 2.126
3 30 % 70 % 36,555 28 % 2.639
4 100 % 0 % 68,952 100 % 4.509

i: (3-(Methacryloyloxy) Phenyl Benzoate

ii: Methyl Methacrylate
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Figure 4.10'H NMR of Copolymer of (3-(Methacryloyloxy) PhenykBzoate (10 %) with Methyl Methacrylate
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Figure 4.11H NMR of Copolymer of (3-(Methacryloyloxy) PhenykBzoate (20 %) with Methyl Methacrylate
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Figure 4.12'H NMR of Copolymer of (3-(Methacryloyloxy) PhenykBzoate (30 %) with Methyl Methacrylate
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4.2.1. UV Absor ption Behavior of Polymers Before and After Perfor ming Photo-

Fries Rearrangement

Absorption behaviors of the polymers in the UV oegwere investigated to find out
the relationship of these behaviors with the pesges of the uv absorbing moieties in the
polymers. For each polymer, a stock solution aonthfthis stock solution five solutions
wich differ in concentrations were prepared in mylthe chloride. Their UV spectra
(Figure 4.14., 4.15., 4.16. and 4.17.) were takethe wavelengths between 200 and 600
nm. The maximum wavelength shifted to the longerelengths as the UV absorber
contents of the polymers were increased. Calibmatiorves (absorption vs. concentration
curves) at the maximum wavelength of each polymerewdrawn (Figure 4.18., 4.19.,
4.20. and 4.21.) to find ogt(mass extinction coefficient) values. Table 4i2plays the

values of each polymer.

As the concentration of the polymer was increaedmaximum absorbance point
was increased also. When concentration is increasmdatic rings of polymers get closer
to each other. Consequently, electron mobilitieshenpolymers increase also. This results
a bathochromic shift in the UV spectra. The simééffiect was seen when we compared
polymers with different percentages of the uv-absw moities at same concentrations.
As the UV absorber content of the polymer increatieel maximum wavelength increased

also. This can be explained by the increase ofreleenobilities also.
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Figure 4.14. UV Spectrum of the Copolymer of (3-{Meeryloyloxy) Phenyl Benzoate (10
%) and Methyl Methacrylate for the concentratior3065, 0.013, 0.026, 0.104 and 0.208
g/L
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Figure 4.15. UV Spectrum of the Copolymer of (3-{Meeryloyloxy) Phenyl Benzoate (20
%) and Methyl Methacrylate for the concentratior3065, 0.013, 0.026, 0.052, 0.104 and
0.208 g/L
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Figure 4.16. UV Spectrum of the Copolymer of (3-{Meeryloyloxy) Phenyl Benzoate (30
%) and Methyl Methacrylate for the concentratior3065, 0.013, 0.026, 0.052, 0.104 and
0.208 g/L
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Figure 4.17. UV Spectrum of the Homopolymer of K8thacryloyloxy) Phenyl Benzoate
for the concentrations 0.0065, 0.013, 0.026, 0.05)4 and 0.208 g/L
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For the homopolymer, the last two solutions (0.20d 0.208 g/L) gave the same
absorbance results. This shows that, the amourabsérption of the polymer does not
change after a certain amount of UV content ofptblgmer. In other words, our polymers
get saturated with a certain amount of UV absorbeieties. This result tells us the use of
copolymers can protect materials from the solanatamh in same amount with the

homopolymer by adjusting the concentration of thyatymers.

y =13.332x + 0.0336

2 _
Polymer 1 R” =0.9997

2.5

N

pd

Absorbance

0 O.‘OS O‘.l O.‘15 O‘.2 0.25
Concentration (g/L)

Figure 4.18. Absorbanas. Concentration Graph of Polymer 1 (Copolymer of (3-
(Methacryloyloxy) Phenyl Benzoate (10 %) with MdtMethacrylate)
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y = 14.13x + 0.0481
Polymer 2 R? = 0.9992

35

254

2 -

15

Absorbance

0 0.05 0.1 0.15 0.2 0.25

Concentration (g/L)

Figure 4.19. Absorbanas. Concentration Graph of Polymer 2 (Copolymer of (3-
(Methacryloyloxy) Phenyl Benzoate (20 %) with MdtMethacrylate)

y = 18.675x + 0.0534
Polymer 3 R? = 0.9994
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Figure 4.20. Absorbanas. Concentration Graph of Polymer 3 (Copolymer of (3-
(Methacryloyloxy) Phenyl Benzoate (30 %) with MdtMethacrylate)
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| y = 37.55x + 0.0223
Polymer 4 R? = 0.9996

4.5

3 e
25 /
2 e

/

15

Absorbance

0 0.02 0.04 0.06 0.08 0.1 0.12

Concentration (g/L)

Figure 4.21. Absorbanas. Concentration Graph of Polymer 4 (Homopolymer of
(3-(Methacryloyloxy) Phenyl Benzoate)

Table 4.2. The results from the UV spectra of tblymers

Entry Polymers
Monomer| Monomer NMR Mass Maximum
1 2" Ratio of Extinction | Wavelengths
Monomer | Coefficient (A max/nm)
1 (em/ g*L cm?
)

1 10 % 90 % 16 % 13.33 238

2 20 % 80 % 23 % 14.13 240

3 30 % 70 % 28 % 18.68 243

4 100 % 0 % 100 % 37.55 244
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From the table 4.2., it is seen that, mass extinatoefficient increases as the UV
absorbance content of the polymers increases.méans that, polymers that have higher

UV absorber moieties have stronger absorbing aslih the UV region as expected.

As we discussed earlier our polymers contain mesetihat are susceptible to Photo-
Fries Rearrangement. It is after this rearrangertientour polymers behave like a real UV
stabilizer. Thus, we investigated the absorptiomaber of our polymers after the
rearrangement. To induce rearrangement, the potymare dissolved in methylene
chloride, were irradiated with light with a wavetgh of 254 nm for 25 minutes. As
expected there has been a considerable change ab#iorption behavior of the polymers
after the rearrangement. We observed a shift inUYiespectra to longer wavelengths as
seen in the Figure 4.22. and these spectra reséntbé& uv-vis spectra of hydroxyl
benzophenones reported in the literature [16]. Dhiservation support that Photo-Fries
Rearrangement occurred to form hydroxy benzophenaits at the pendant groups of the

polymer.

08 \Q* —{min

\\\ —— after 3 min.

\ after 8 min
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\\ ——after 13 min
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06
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02 ~ i
i o ™
V\/VJ _\\\\

-0,2
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Figure 4.22. UV Spectra of the Copolymer of (3-(Natryloyloxy) Phenyl Benzoate (10
%) and Methyl Methacrylate and Its Rearranged Retsdduring the Photo-Fries
Rearrangement Process.
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In addition to these, we synthesized a test comghoniisee the effect of the polymers
backbone to the uv absorbing unit. Thus, we syitbhdsa small molecule additive, 3-
Acetoxyphenyl Benzoate, from the reaction of resmic monobenzoate with acetyl
chloride. Purity of compound was confirmed by theand**C NMR that were displayed
in Figure 4.23. and 4.24. respectively.
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Figure 4.23'H NMR of 3-Acetoxyphenyl Benzoate
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UV spectra of 3-Acetoxyphenyl Benzoate were takemliierent concentrations.
Absorbancers concentration graph (Figure 4.25.) was drawn gndalue equals to slope
of the curve (45.22°HL cm’). The mass extinction coefficient of this compdiis close
to that of the homopolymer. Therefore, our UV absorpolymer has approximately

similar absorption strength with this small absortaEmpound.

y =45.218x + 0.1688
3-Acetoxyphenyl Benzoate R? = 0.9962

4.5

351

254

Absorbance

15

0.5 1

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

Concentration (g/L)

Figure 4.25. Absorption vs. Concentration GrapB-éfcetoxyphenyl Benzoate

4.3. Formation of Unexpected Resorcinol Diether from the Reaction of Resorcinol

Monobenzoate with Ethylene Carbonate

Resorcinol monobenzoate was reacted with ethylangooate, to prepare a second
set of polymers. The expected reaction was thelatihfree phenolic hydroxyl-group to
the ethylene carbonate, in other words a ring ogeneaction. Then, to obtain the final
product the resulting product would be reacted waitéthacryloyl chloride to form the
second methacrylic monomer. Figure 4.26. displéngs éxpected reaction of the mono

ester with ethylene carbonate.
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Figure 4. 26. Expected Reaction of Resorcinol M@mzioate with Ethylene
Carbonate

However, the reaction between ethylene carbonatke rasorcinol monobenzoate

(Figure 4. 27.) gave an unexpected product thainse® be the result of an initial

hydrolysis of resorcinol monobenzoate before thenapy of ethylene carbonate.

[o o o
—0

Ho O\H/O o o> o
\©/ g PPh3, toluene

17¢°C, 5h

Figure 4. 27. Unexpected Product Formation fromRbaction of Resorcinol

Monobenzoate with Ethylene Carbonate

The purification was carried out with silica packemdumn. The purity was verified

with *H and**C NMR which are displayed in the Figure 4. 28. 4né9. respectively.
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The obtained compound does not have any hydroxy@in its structure. This was
verified by the IR spectrum of the compound whiglhlisplayed in the Figure 4.30.. This
proves that, this compound is not the expectedymtofiiom the reaction. The integration

values in the NMR are another proof of that.
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Figure 4. 30. IR Spectrum of Resorcinol Diether
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Absorbance vs. Wavelength
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Figure 4. 31. UV Spectra of Resorcinol Diether befand after uv-irradiation

Absorption behavior of the compound was investigatey the UV-Vis
spectrophotometer. Two absorption maxima were @bdgem the UV spectrum of the
compound due to the two aromatic units in the campowith different electronic
environment. In addition to this, resorcinol dietheompound do not perform any
rearrangement when it is exposed to UV radiatiorfigure 4. 31., we do not observe any
change in the maxima of the spectrum. There id thtaugh 400 nm which may be due to

secondary decompositions by UV radiation.
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5. CONCLUSION

In summary, we have synthesized potentially weathler polymers that have UV
absorbing moieties at their pendant groups. Thertapt property of these moieties is that
they are converted to hydroxy benzophenones, a amulass of UV absorbers, under
solar radiation so that the polymer they are inoajed in can gain an improved resistance

to outdoor conditions, in other words, the weath#itg of these polymers is improved.

The synthesized polymers were characterized wit @Rl NMR instruments. Their
absorption behaviors were investigated with UV spghotometer. As the UV absorber
content increases, the electron mobility on themata ring increases and as a result the
maximum wavelength of the polymers increases dlsts expected that, there is an
increase in the absorption strength of the polyasethe UV absorber content increases and

the mass extinction coefficients of the polymergegihis expected result.

UV spectra of polymers show that, copolymers ofm@ihacryloyloxy) phenyl
benzoate with methyl methacrylate absorb UV radimatat the same region with the
homopolymer of (3-(methacryloyloxy) phenyl benzoalberefore, using copolymers of
our UV responsive monomer can be enough to proteterials from solar radiation.
Weathering tests for our polymers have to be ingatdd with a weathering test

instrument.

Finally, another result of this study was the fotiora of an unexpected product
from the reaction of ethylene carbonate with resoicmonobenzoate. The reaction
mechanism of this reaction can be studied to enliga formation of this unexpected

product.
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