Studying the photodegradation of............... Hammed Hashem

Studying the photodegradation of ethylcellulose and
methylcellulose in the presence and absence of

benzophenone (BPh)

Hammed Hashem

Mohamed

Al-Mustansiriya
University,College of
Science, Department of

chemistry.
y

bl
b sl Jiially sl JAY) DY &indll 8 guml) A9l Audyy Canl) 134 e

& My benzophenone (BPh) ((sids ) Jsall Guwaiiall 35 ade g 35a9 olsel)
i gl A5 dplee Audya) syl i e gslall Janal) Slen Aol sy gl
Yo) Slansy Hshilual) die D) N i o5l (e (¢, YWE%) ddlial ol o2

& sl QA (e gl Bty 3 5 sl DU 38 sl 25500 iy (Lfises Soke
55l ey Culiiy J g8 Ao sama Galaiial 3 523l Adalus sy A guall Ajacil) g
x| g elyendl and AaiV) Calidal aladinly adlsdl & (BPh) (psidssudl (Kg) A secal
Al sleal 800S00 - 51 2 Liilally Ll S0 (g A pall 5 Amasiial) (38
i (abiaial 3ads fiaasili VIV a0 Jshay o g aladinlyy shliadl chldidial

Ja £0 3yl day 5 3.49%107 einsteins.dm™>.S!

O9aar]ll gylull mmell Q Rpala Yl a3l 2,12 &loa



Studying the photodegradation of............... Hammed Hashem

ABSTRACT

The induced photodegradation of ethylcellulose (EC) and
methylcellulose (MC) films in air was investigated in the presence and
absence of benzophenone (BPh) (photosensitizer) by accelerated
weathering tester. The addition of (0.2wt %) of benzophenone (BPh) to
cellulose derivatives films (25um in thickness) enhanced the
photodegradation of the ethylcellulose (EC) more than methylcellulose
(MC) films.The photodegradation rate was followed by increase in
carbonyl absorbance of polymers and decomposition rate constant (kq) of
benzophenone in polymers using I.R and U.V-Vis. spectra respectively.

According to the kinetic data and spectra results, the induced
photodegradation mechanisms of cellulose derivatives films were
suggested under the experimental conditions employed using
u.v.-radiation at L = 313 nm , light intensity 3.49*10 einsteins.dm?>.S™! at
temperature 45 °C.

1- Introduction

Polymer degradation is of increasing importance in the production and
use of implantable and other medical devices'). In recent years, there is a
growing awareness caused by fast increase of pollution by plastics.
Recycling and incineration of plastic waste have many, serious
limitations, thus, the production of new materials with enhanced
degradation — plastic friendly for environment — seems to be solution of
this problem. Accelerated decay of macromolecules can be achieved
during their exposure to UV light®. New environmental regulations,
societal concens, and a growing environmental awareness throughout the
world have triggered the search for new products and processes that are
compatible with the environment®. Degradation of polymeric materials

occurs in a wide variety of environments and service conditions, and
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very often limits the service lifetime. It occurs as the result of
environment-dependent chemical or physical attack, often caused by a
combination of degradation agents, and may involve several chemical and
mechanical mechanisms®. The induced photodegradation of cellulose
triacetate (CTA),cellulosediacetate (CDA) , cellulosemonoacetate (CMA)
and methylcellulose (MC) films in air, were investigated in the absence
and presence of aromatic carbonyl compounds (photosensitizers): 1,4-
naphthaquinone (NQ), benzophenone (BPh) , dibenzoylperoxide (DBP)
and acetophenone (APh) by accelerated weathering tester’®.

The aim of this work is studying and compared the photodegradation of
some of ether derivatives for cellulose in presence and absence of
benzophenone as photosensitizer.

2- Experimental

2-1 Material used

a- Laboratory ethylcellulose and methylcellulose powder ( B.D.H. Ltd
A.R.Grade , purity 99%) was used at the test sample .
b- Benzophenone (BPh)®

Laboratory benzophenone ( B.D.H. Ltd A.R.Grade) was recrystallized

from methanol, then dried in air at room temperature.

2-2 Ultraviolet visible spectrophotometry (U.V):

The absorption spectra was recorded using the ultraviolet visible
spectrophotometer using the Hitachi U-2000 and Cary 100 conc. to record
the absorption spectra in the wavelength range between (200-600)nm.

2-3 Infrared spectrophotometry (IR)
A Pye-Unicam SP3-100 infrared spectrophotometer was used to

record the IR spectra between (600-4000) cm ™.
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2-4 Film preparations

0.2% solution of BPh (in acetone or distilled water) was added to 1%
solution of ethylcellulose in acetone and methylcellulose in distilled
water in suitable ratio .A thikness of about 25um was measured by a
micrometer type, (2610 , Germany) , ethylcellulose and methylcellulose
films with and without BPh were obtained by casting of solutions into
horizontal glass plate . After solvent evaporation , samples were dried in
vacuum for 24 hrs. this was found to be adequate to completely remove
of solvent from films .
2-5 Irradiation

The accelerated weather-o- meter, Q.U.V. tester, (Q-panel company ,
U.S.A), was used for irradiation of ethylcellulose and methylcellulose
films. The films were positioned (25um) apart from the u.v.lamps (eight
fluorescent lamps give essentially monochromatic light at A=313 nm) .

Temperature of the tester chamber is nearly constant at 45 °C

2-6 Analysis

The photodegradation of the polymer film was followed by I.LR and
U.V-Vis. spectrophotometer. The absorption spectra ( for I.LR method) of
the film samples were recorded in the wavenumber ranged from 600 to
4000cm™". Carbonyl index were calculated by comparison of the LR
absorption peak at 1730 cm! and 1740 cm'! for (C=0) group with
reference peak at 1450cm™ for (-CH, ) group for ethylcellulose and
methylcellulose. The ultraviolet-visible spectrophotometer was used to
measure the change in the U.V-Visible spectrum during irradiation and
this was used in calculating the rate of photodecomposition of the BPh by

monitoring the increase in absorbance at A=367 nm with irradiation time .
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3- Results and Discussion

3-1 Photoactivity of Photosensitizers

ethylcellulose (EC) Films.

Hydrocarbon polymer degrade by a free radical chain reaction involving
oxygen of the atmosphere. The primary products are hydroperoxides and the
latter either thermolyse or photolyse with chain scission and the production of
biodegradable low molar mass oxidation products such as carboxylic acids,
alcohols and ketones”. The UV-visible spectrum of irradiated MC film (25um
in thickness) at different time intervals is shown in figure (1). The decrease in

absorbance in the region (200-300)nm due to the scission of main chain bonds

in MC polymer.
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Figure (1): U.V. —visible spectral change of MC film (control) (25 pm in
thickness). Number on the spectra are the irradiation times in hours

The spectral changes during photolysis of MC films (25um in thickness)
with 0.2% of BPh photosensitizers are shown in figures (2) , where the
decrease in absorption in the region at wavelength below 300 nm was
attributed to photodissociation of the photosensitizers with

macromolecular chain breaking
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Figure (2): U.V. —visible spectral change of MC film with
BPh photosensitizer (25 pm in thickness). Number on the

spectra are the irradiation times in hours

The spectral changes during photolysis of EC film (control) (25um in
thickness) is shown in figures (3) ,where the increase in absorption in the
region at wave length (280-350)nm with irradiation time. The small peaks
at longer wave lengths might be attributed to the formation of the

200 300 400 500
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Figure (4): U.V. —visible spectral change of EC film with
BPh (25 pm in thickness). Number on the spectra are the
irradiation times in hours

Figure (5) and (6) show the variation of In (Ax - A¢) and In (A; - Ax) of

ethylcellulose and methylcellulose films respectively with benzophenone
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(BPh) with irradiation time at A=313 nm at wave length (A = 339 nm) ,
(A = 254 nm) respectively . A straight line is obtained which indicates
primarily a first order reaction and the decomposition rate constant (kg)
for polymers was calculated from the slope value .The
photodecomposition rate constant (kq) was calculated and it has been
found the (kg ) of ethylcellulose films with benzophenone (BPh)
(kg = 0.01147 min! ) is higher than ( kq) for methylcellulose films with
benzophenone (BPH) ( kg =0.00069 min! ) .It is concluded that the
photodegradation rate for ethylcellulose is higher than methylcellulose,
this could be attributed to formation secondary free radical in
ethylcellulose which is more stable than primary free radical in

methylcellulose through photodegradation processes (see scheme 1) .
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Figure (5) : Variation of natural logarithm of (A~ - A¢) with irradiation time for
ethylcellulose film with BPh
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Figure (6 ) : Variation of natural logarithm of (A«-Ax) with irradiation time for
methylcellulose film with BPh
The IR spectrum in figure (7) of EC films (control) (25um in thickness)

shown small changes in carbonyl group located at 1730 cm™ for EC after

irradiation time .
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Figure (7): Change in IR spectrum of EC (control) (25 pm in

thickness).Numbers on the spectra are the irradiation times in hours
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Figure (8): Change in IR spectrum of EC with BPh (25 pm in

thickness).Numbers on the spectra are the irradiation times in hours

It has been observed that the carbonyl group in figures (8) increases
greatly with irradiation time for EC films with BPh photosensitizers
compared to EC films (control). Accordingly, this photosensitizer is
considered as photoinducer for MC and EC films degradation.Table (1)
show the calculated values of the carbonyl index (Ico) with different
irradiation time for MC and EC in the absence and presence
benzophenone (BPh) photosensitizers

Table (1): The calculated values of the carbonyl index (Ico) with different

irradiation time for MC and EC in the absence and presence benzophenone
(BPh) photosensitizers

Comp. Irradiation time (hrs)

0 25 100 200 360

EC 0.60 1.03 1.12 1.20 1.93
(control)

EC 0.34 2.36 3.60 4.60 5.96
(with BPh

MC 0 0 0 0.09 0.10
(control)

MC 0 0.28 0.76 0.91 0.95
(with BPh
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The photoactivity of MC and EC films (control)(25 pum in thickness) and
with 0.2% of BPh photosensitizers is followed by the growth of carbonyl
group only, which is expressed in term as carbonyl index (Ico), where
figures (9) , (10 ) and (11) shows the relationship between carbonyl index
and irradiation time for MC and EC films (25 pum in thickness) with and
without (0.2 wt %) of BPh photosensitizers , and also compared between
EC and MC films in presence (0.2 wt %) of BPh photosensitizer. It has
been observed that the carbonyl index increases greatly with irradiation
time for EC, MC films with BPh photosensitizers compared to EC and MC
films (control) , also the carbonyl index increases with irradiation time for
EC films compared with MC films in presence BPh photosensitizers. It can
be concluded that photo-oxidative degradation of EC and MC is more
efficient in the presence of BPh as photosensitizer, and EC was degraded

higher than MC .

4  MC (control)
[ ] MC (with 0.2% BPH)

Ico

0.00 100.00 200.00 300.00 400.00
Irradiation time (hrs)

Figure (9 ): The relationship between carbonyl index and irradiation time for MC

films(25 pm in thickness) with and without (0.2 wt %) of photosensitizers
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Figure (10 ): The relationship between carbonyl index and irradiation time for

EC films(25 pm in thickness) with and without (0.2 wt %) of photosensitizers
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Figure (11 ): The relationship between carbonyl index and irradiation time for
EC films and MC films (25 pm in thickness) with (0.2 wt %) of photosensitizers
The photosensitizers initiated the degradation of the MC and EC

polymers via the generation of free radical, as in photodegradation of

cellulose acetate derivatives with the same photosensitizers. The
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produced radicals from irradiated photosensitizers can abstract hydrogen
from the methyl group of the MC and EC polymers .
The rate of carbonyl index formation is higher than that for similarly
exposed EC (control) or EC with BPh compared with MC . The above
results are similar to results of photodegradation of poly methyl metha
acrylate — co — cellulose monoacetate film by BPh® | photodegradation of
poly styrene ) and methylcellulose ©.

Therefore the following mechanism for photodegradation of MC and

EC by photosensitizers might be suggested® (scheme 1):

hv

S s (n-n%°
[ J
R . -CH,-O-RH + & — Reen -CH,-0-R + sH
(6]
. ?
Rcell 'CHZ'O‘R + 02 > Rcell 'CHZ‘O‘R
L J
0 ?OH e
Re -CH,-O-R + PH ——= R -CH,-0O-R t P
o
(POH (P -
Reeir -CH,-0-R ——> R -CH,-O-R OH
®
? .
Reenn -CH,-0-R — ™ R -CH,-0O + RO
PH
®
— R¢en -CH,-OH  + P
®
OH
— & Ry -CHO + H,0
[ J
Ree -CHp-0 —|
rearangment
> chain scission
®
Reen -CH,-O-R
— Reeir -CH,-0-R-0-CH-Rey

Where : S = Photosensitizers (BPH),SH = BPH — H ,Rcei = cellulose molecule
PH = ethyl or methylcellulose,RH = -CH3 or - CH,-CH3
R-= -CH; or - CH-CH3

Scheme (1) : Mechanism for photodegradation of MC and EC by

photosensitizers
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Conclusion

The results presented in this work have shown that the effect of UV
radiation on the photodegradation of ether cellulose derivatives. It has
been found that photo-oxidative degradation of ether cellulose derivatives
was more efficient in the presence of benzophenone and the

ethylcellulose was degraded higher than methylcellulose.
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