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ABSTRACT

In this research the optical properties of Polyethylene Glycol (PEG)with
(0.1,0.2,...,0.8) concentrations mixed with some cellulose derivative poly-
mers as CMC,MC and Xanthan gum added as (0.25 and 0.5) g everyone
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alone have been studied by spectrophotometer system. From (PEG-MC)
blend prepared a film by using casting method and that use as tire package
as compared with exported tires packages and taking a best results of ab-
sorbing UV-rays. The hardness of all films were measured by using (Shore
D) tester. All materials were diagnosed with (FTIR) spectrum.
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INTRODUCTION

Tire packaging, also called tire guards or tire
protectors, slip over wheels to shield them from
weather and harmful ultra-violet rays that can pre-
maturely age rubber. Ungaraged vehicles, especiadly
those that are driven less often, are at higher risk to
develop cracked sidewalls from sitting in the sun.
Tire coverscan protect your investment by blocking
UV and retarding the aging process. There is no
greater enemy of rubber than UV and ozone. To com-
bat these environmental effects, tires are made with
acompetitiveabsorber known as carbon black. This
compound iswhat givestirestheir color. The mol-
ecules in carbon black absorb UV rays converting
them to heat that can dissipate off thetire. Over time,
however, carbon black becomes depleted and the

rubber turns gray and brittle. By shading tires with
UV-blocking covers, method is effectively extend-
ing thelife of tired™.

PEG 6000 is a water-soluble and waxy solid
that isused extensively inthe severa industriessuch
asrubber, textile, paper, metal, wood, pharmaceuti-
cal, cosmeticsand coating. PEG recognized by many
characteristic such as, highly compatibleto various
kinds of organic compounds, high boiling point, easy
control of the degree of condensation, controllable
hygroscopic property, lesstoxicity and less skin ir-
ritation!?.

Sodium carboxymethyl cellulose (Na-CMC) or
cellulose gum is a cellulose derivative with car-
boxymethyl groups (-CH2-COOH) bound to some
of the hydroxyl groups of the glucopyranose mono-
mers that make up the cellulose backbone.CMC is
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used as alubricant in nonvolatile eye drops and ar-
tificial teardd.

Methyl cellulose (or methylcellulose) isachemi-
cal compound derived from natural cellulose. Itisa
hydrophilic white powder in pure form and dis-
solvesin cold (but not in hot) water, forming aclear
viscous solution or gel. It is sold under avariety of
trade names and is used as a thickener and emulsi-
fier invariousfoods and cosmetic productsand asa
treatment of constipation(,

Xanthan cellulose gum is a polysaccharide se-
creted by the bacterium xanthomonascampestris, used
asafood additive and rheol ogy modifier, commonly
used as afood thickening agent (in salad dressings,
for example) and astabilizer (in cosmetic products,
for example, to prevent ingredients from separat-
ing). Itiscomposed of pentasacchariderepesat units,
comprising glucose, mannose®.

Theoretical part

When light incidents on substance a number of
reactions are triggered by of the interaction light
beam with the material asit absorbsthe photon who
workson theirritation of the molecules almutharh.
The spectrum of ultraviolet and visibleuseful inthe
complexes characteral, as it gives a distinctive ab-
sorptionintheultraviolet - visibleasisuseful inthe
diagnosis of complexes containing antioxidants.
Materia cause absorption of the raysfalling active
electronically may lead to the dissociation of their
moleculesif the value of energy absorbed isgreater
than the value of the dissociation of one of thelinks
or move to a higher energy level, since the prob-
ability of absorption increases with the concentra-
tion of thelow energy level and increase the number
of photons of light beam. The probability of photon
absorptionisdirectly proportional to the concentra-
tion of the absorbed molecul es and the thickness of
themodel and on the following®™:

2-3-1Absorbance

Absorbance defined as the ratio between ab-
sorbed light intensity (1,) by material and the inci-
dent intensity of light (I )&

A=1,/1(1)

The light absorbance coefficient (o, ) , and
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films absorption coefficient are given by the equa-
tion:

a,,=2.303A/d(2)

Where (d) represent athickness of film.

Theratio (1 /1) called (Transmittance) (T ), so
can be defined as the ratio of the intensity of the
transmitting rays (1) through thefilmto theintensity
of the incident rays (I on it as follows, and con-
nected by absorbance as[lol

T —2 303A 3)

2-3-2 Naturelifetime (T )

In the near — UV regions, the following expres-
sion can be used for estimating the nature life time
of the excited stateg'12:

107*

TL - 4
ot ., (Max) @)

Where a ,, (max) is optical absorption coefficient
of electromagnetic waves.
2-3-3 Refractiveindex (n)

The refractive index can be defined as a ratio
between the speed of light in vacuum (c), to its speed
of light in medium (v), and given by the rel ation*®!:

n=J 5

The value of refractive index was calculated by
using equation depending on the reflectance and ex-
tinction coefficient (K) as in the following equa-
tion(334],

(n-1)2+K?
Re—M (6)
(n+1)2+K?2

If extinction coefficient (K) equal to zero, then

equation (2.26) will be:

_(n=-1)?+0
- (n+1)?+0 ()
\/R_n+«/E=n—l (8)
1+vVR =n 1-VR) 9
Then refractive index will become:
_ 1+\/E
"TIR (10)
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2-3-4 Reflectance (R)

When light radiation passes from one medium
into another having a different index of refraction,
some of the light is scattered at the interface be-
tween the two media even if both are transparent.
Thereflectance can be represented depending on the
value of refractive index by the relation™:

k=
n+1 (11)

Reflectance also can be obtained from absorp-
tion and transmission spectrum in accordanceto the
law of conservation of energy by the relation!®:
R+T+A=1(12)

Sincetheindex of refraction of airisvery nearly
unity. Thus, the higher theindex of refraction of the
solid, the greater is the reflectivity. For typica sili-
cate glasses, thereflectivity isapproximately (0.05).
Just astheindex of refraction of asolid depends on
thewavelength of theincident light, so also doesthe
reflectivity vary with wavel ength. Reflection losses
for lenses and other optical instruments are mini-
mized significantly by coating the reflecting surface
with very thin layers of dielectric materials such as
magnesium fluoride (MgF,).

2-3-5 Molar Reflectance (R )

It’s a relation between the density of material
and molecular weight, and measured by (m? / mole)
unit, and given by!*":

n>-1M,

n+1 p (13)

So can be defined as the multiplication relation
between the specific reflectance and molecular
weight.

2-3-6 Extinction coefficient (K)

It represents the imaginary part of complex re-
fractive index (n’):

Theextinction coefficient representsthe amount
of attenuation of an e ectromagnetic wavethat istrav-
eling in amaterial, where it values depends on the
density of free electronsin the material and also on
the structure naturel®:

n*=n-iK

R =

R =

m

(14)

Where; n: thereal part of refractiveindex; n*: com-
plex refractiveindex which it depends on the mate-
rial type, crystal structure (grain size), crystal de-
fects, stressin crystal and extinction coefficient, so
given by following equation® :

K =aopk/41r (15)
Where A isthe wavel ength of incident photon rays.
2-3-7 Coefficient of finesse (F)

It is ameasure of the sharpness of the interfer-
ence fringes, and defined as follows*:

4R
C(Q-R°?

6, )2-3-8 Critica angle
Thecritical angleisdefined asthe angle of inci-

dence which provides an angle of refraction of (90-
degrees), and given by following equationi®:
6, =Sin'(/n)

0 ;) 2-3-9 Brewster angle

Brewster’s angle (also known as the polariza-
tion angle) is an angle of incidence at which light
with a particular polarization is perfectly transmit-
ted through atransparent diel ectric surface, with no
reflection. When unpolarized light isincident at this
angle, the light that is reflected from the surface is
therefore perfectly polarized. This specia angle of
incidence is named after the Scottish physicist Sir
David Brewster (1781-1868), and given by follow
equation?y;

0, = tan " (n)

(16)

(17)

(18)

EXPERIMENTAL PART

1- Optical measurements

The main purpose of studying the optical prop-
erties of the PEG after and before adding cellulose
derivatives polymer as a blends is to identify the
effect of adding these materials onthe optical prop-
erties of PEG. The research covers the recording of
the spectrum of absorbance and transmittancefor the
blend solutions at the room temperature and cal cu-
lating the absorption coefficient, extinction coeffi-
cient and other optical constants.
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Figure 1 : Absorbance with different wavelengths

1-1Absorbancespectrum

Absorbance measurements of PEGafter and be-
fore adding cellulose derivatives polymersand plot-
ted against different wavelengths in the range be-
tween (190-1100) nm as shown in Figure (1). This
Figure showsthat absorption spectrum of PEG after
and before adding cellulose derivatives polymers
in solution blends method as afunction of thewave-
length of theincident light. It is shown that the add-
ing of the additives to the basic polymer leads to
increase the intensity of the peak. So, there is no
shift in the position of the peak for all amounts of
additivestothe polymer. Chemically that meansthis
addition do not change the structure of the (PEG-
cellulose derivatives) blends.

Figure (1) aso showsthat cellulose derivatives
polymers used in thiswork have astrong absorbance
at awavelength around (191 nm), but appear to be
completely transparent at a longer wavelength, es-
pecialy for MC when added to PEG, but for (PEG-
CMC) and (PEG-X), polymers show good absor-
bance and bad transparent medium, and thisisagree-
ment with reference?.

Figure (2),represent the relation between the
absorbance of purity and its blends with cellulose
derivatives polymers with various concentrations.
We can note from this Figure, the increasing values
of absorbance due to a steady increase of the con-
centration where it is directly proportiona to the
absorbance according to Lambert-Beer law. Further-
more we can be seen from absorbance, theincreases
proportion to additives especialy in PEG mixed

Absoabance

Concentration[g/mol.%)

Absarbance

Concentratien(g/mel. 5}

Absorbeance

Concentration{g/mal.%)

Figure 2 : Absorbance of PEG after and before adding
cellulose derivatives polymers
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with (0.5) additivesfrom xanthan cellulosegum with,
if comparing with (PEG-CMC) and (PEG-MC) and

L

thereason for thisisdueto theincreased focuswithin
the same volume of the solution by adding cellulose
derivatives polymers, so increasing the number of
moleculesthat wereto absorb theincident light and
thus increasing the absorbance value and this ap-
pliesto the law of Lambert-Beer.

1-2 Refractive index

The measured values of refractiveindex of PEG
6000 after and before adding cellulose derivative
polymersareshownin Figure(3). ThisFigureshows
that therefractive index values of pure polymer and
itsadditivesareincreasing linearly with theincrease
of the concentrations of these polymers. Thisincre-
ment with concentrations are clearly satisfied, be-
causerefractiveindex isafunction of density, since
the density increase uniformly by increasing con-
centrations, the refractive index of these polymer
blends aso have uniformly increment. It’s a clear
that the best values of refractive index absent in
(PEG-CMC) because thisblend has greatest values
of density comparing another blends as shown in
Figure (3), and thisresult take the same behavior of
reference?.

2- Optical Calculations

From optical measurements, we can calculate
other optical parameters as.

2-1 Absorption coefficient of electromagnetic
waves

Thevaues of the absorption coefficient of light
are obtained by creating a slope of straight line be-
tween absorbance and molar concentration which
referstothevalues of the absorption coefficient as
in Figure (2), and the TABLE (1) illustrates the
change in the values of the absorption coefficient
for solution polymer of PEG before and after the
addition of cellulose derivative polymers at the fo-
cuswavelength (191nm). Noting that theincreasing
of absorption coefficient values under theinfluence
of addition because of the increased density of the
solutionsasaresult of theincreased concentrations,
that led to theincrease of light absorbed becausethe
interaction of the electromagnetic waveand thelarge
molecules of the polymer increases with concentra-
tion, according to thelaw of Lambert- Bear and thus
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TABLE 1 : Absorption coefficient of PEG and its additives

Type of polymer

Absor ption coefficient (Lit./mol. cm)

PEG 6000 5986 9

0.25 CMC 904.82

0.5CMC 1162.5

PEG + additives 025MC 907.09

0.5MC 983.48

0.25X 1117.8

05X 1218.4

TABLE 2 : Natural life-time of PEG and its additives
Type of polymer Natur al life-time (s)
PEG 6000 1.67x107

0.25 CMC 1.10x107
0.5CMC 8.60x10®
3 025MC 1.16x107
PEG+ aiditives 0.5MC 1.01x10”
0.25X 8.94x10®
05X 8.20x10°®

increase the absorption coefficient.

TABLE (1) shows that (PEG-X) polymer blend
has higher value of absorption coefficient and there-
fore (PEG-CMC) than (PEG-MC), becausethesetwo
polymers havethe higher values of molecular weight.

2-2 Natural life— time

Inthe near ultraviolet region thevalues of natu-
ra life time of PEG after and before adding cellu-
lose derivative polymers, that causes excitation in
the ultraviol et spectrum was obtained by using equa-
tion (4). Sincethe natural lifetimeisinversely pro-
portional to the absorption coefficient, for that note
decreaselifetime under the influence of adding cel-
lulose derivative polymers and thisisillustrated in
TABLE (2).

(PEG-CMC) polymer blend has higher values
than all others, and (PEG-X) polymer blend has
lower value than others, because the molar absor-
bance of (PEG-CMC) has the lowest value and for
(PEG-X) thehighest one.

2-3Thetransmittancespectrum

Thevauesof transmittance of al concentrations
of PEG after and before adding cellulose derivative
polymer were cal cul ated theoretical by using equa-
tion (3). Theresults show that decreasingin theval-

ues of transmittance with all concentrations, thisis
because the values of absorbance are directly pro-
portional to the concentration and there are loga-
rithmic relation between absorbance and transmit-
tance.

Figure (4) shows that the relationship between
transmittance and concentrations after and beforethe
addition, from Figure notethat after adding theval-
ues of transmittance are decreasing and this return
to the same case.

The Figure shows that transmittance decrease
with theincrease of the added concentration, thisis
caused by the added of cellulose derivative poly-
mers contains electrons in it is outer orbits can be
absorb the electromagnetic energy of the incident
light and travel to higher energy levels, this process
Is not accompanied by emission of radiation because
thetraveled electron to higher level s have occupied
vacant positions of energy bands, thus part of the
incident light isabsorbed by the substance and dose
not penetratethroughit.

2-4 Thereflectance spectrum

Reflectance of all sampleswas computed by us-
ing equation (11). The results of reflectance were
plotted in the Figure (5). It shows to have the same
behavior of their refractive index, because reflec-
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tance equation has only one variable parameter,
which is a refractive index. The uniformly incre-
ment of reflectance of PEG after and before adding
cellulose derivatives polymers are similar to those
given by reference?. It’s a clear from Figure be-
low the values of reflectance are increased with in-
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creasing concentration before and after the adden-
dum at the wavelength (191 nm), asillustrated, and
thereason for thisisdueto the increased number of
polymer moleculesin solution and thereforeincrease
the density of the solution as the reflectiveness is
entirely dependent on the density!®,

2-5 Themolar reflectance

Molar reflectance values were calculated by
using equation (13), the results showed increased
thevaues of molar reflectance after the addition of
cellulose derivative polymers is due to an increase
inthevalues of viscosity average molecular weight
under the influence of added fact molar reflectance
is directly proportional with molecular weight and
thisresult is consistent with referenceé?, when study-
ing the polymersCMC, MC and X.

2-6 Coefficient of finesse

The coefficients of finesse of PEG after and be-
fore adding cellul ose derivative polymerswere cal-
culated by using equation (16), as shown in Figure
(7). ThisFigure showsthat the coefficient of finesse
of basic polymer and its blends has the same behav-
ior to their reflectance, because this coefficient de-
pends on reflectance, from another aspect the influ-
ences of addition lead to increase the values of fi-
nesse coefficient, this is because the increasing of
reflected light as a result of increasing the density
after addition, and thisresults agreement with refer-
ence,

2-7Brewster and critical angles

The Brewster angle of PEG after and before add-
ing cellulose derivative polymers were calculated
by using equation (18). Figure (8) shows that
Brewster angle values for different concentration.
It’s a clear from the equation above that Brewster
angle shown to have the same behavior of refractive
index.

Thecritical anglewas calculated by using equa-
tion (17). Figure (9) shows that the critical angle
values of PEG and its polymeric blends decrease
linearly with the increase of the concentration, be-
cause it isinversely proportiona to their refractive
index, or it isaclear that as concentration increase,
the density also increases, therefore theincident rays
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Figure (8): Brewster angle of PEG and its polymeric
blends
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will bend toward normal and causes critical angle
to decrease and the result benefit withl23,
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madein Chine, trade mark (Toyota), and other from
(OPTIMA). The measurements were be doneby us-
ing spectrophotometer to known the absorbance as
shown in Figure (10), that represents the compari-
son between the original package and fabricated
package. The new package was made by mixing
(PEG-MC) and gave a good absorbance comparing
with original packages, and thisisbecausethisblend
has molecules that able to absorb ultraviolet rays
and prevent it from transmittancetotiresand thisis
increase the time of storage and absorb UV-spec-
trum from sun light. The hardness of all packages
were measured by using (Shore D) device and the
result shows that the hardness of (Toyota) package
iS(96.2) and (OPTIMA) is(96.5) but the fabricated
package was (97.6). The new package was covered
by nylonto saveit from externa weather conditions.

CONCLUSIONS

1- Thehigher absorptionin (UV-region) makesthe
films good materia for screening off (UV-por-
tion) of electromagneti c spectrum, whichisdan-
gerousto human and animal health. Thesefilms
can be used for eyeglass coating for protection
from sunburn and in the saving of tires and any
rubber types.

2- Adding cellulose derivative polymers to PEG
lead to increase reflectivity in (UV region),
thereforeit can beused asacoating for different
types of glassto protect the level of solar radia-
tion and reduceit.

3- From fabricated (PEG-MC) film, we getting on
anew tire packagethat best comparing with oth-
ers.

4- Thenew tire package take a best hardness com-
paring with others.

5- From (FT-IR) spectrathere are no chemical in-
teraction happen between materials.
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