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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 solution by using the mixing method and that use as addi-
tive to four types of face powdersand taking a best resultofabsorbing UV-
rays. All materials were diagnosed by (FT-IR) spectrum.
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INTRODUCTION

The utility of many organic colorants employed
in cosmetic products is restricted by their instabil-
ity on exposure to light. This instability normally
evinces itself as fading and is caused primarily by
wavelengthswithin theultraviolet portion of theelec-
tromagnetic spectrum, although wavelengthsin the
visible light range of the spectrum also may be re-
sponsibl €.

PEG 6000 is a water-soluble and waxy solid
that isused extensively intheseveral industriessuch
asrubber, textile, paper, metal, wood, pharmaceuti-
cal, cosmetics and coating. PEG recognizesby 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
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 pureform and dissolves
in cold (but not in hot) water, forming a clear vis-
cous solution or gel. It is sold under a variety of
trade names and is used as a thickener and emulsi-
fier in various food and cosmetic products and as a
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,
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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
works on 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
molecularsif thevalue 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 with the concen-
tration of the absorbed molecules and the thickness
of the model and on thefollowing®7:

Absorbance

Absorbance defined as the ratio between ab-
sorbed light intensity (1,) by material and the inci-
dent intensity of light (I )&
A=l 11, (1)
The light absorbance coefficient (o, ) , and films
absorption coefficient are given by the equation®:
+,=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 (Io) on it as follows, and con-
nected by absorbance asd:

—2.303A
T =e

Naturelifetime (T )

3)

In the near — UV regions, the following expres-
sion can be used for estimating the nature life time

of the excited stated12:
10
To=r——" (4)
0l o (MaX)

Where o, (Mmax) is optical absorption coefficient
of electromagnetic waves.
Refractiveindex (n)

The refractive index can be defined as a ratio
between the speed of light in vacuum (), to its speed
of light in medium (v), and given by therelation3:

c

n=7 (5)

The value of refractive index was calcul ated by
using equation depending on the reflectance and ex-
tinction coefficient (K) as in the following equa-
tion(t314],

-1 +K
e (6)

If extinction coefficient (K) equal to zero, then

equation (2.26) will be:
_(h-1)°+0

(n+1)*+0
\/R_ n+vR =n-1
1+VR =n (1-4R)

Then refractive index will become:
N = 1+\/E

1-vVR

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!*:

R :{n—l}2
n+1

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

Sincetheindex of refraction of airisvery nearly
unity. Thus, the higher the index of refraction of the

(7)

(8)
(9)

(10)

(11)
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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,).

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

R =

m (13)

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

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 nature!*®!:
n*=n-iK (14)

Where:

n: thereal part of refractive index.

n*: complex refractive index which it depends on
the material type, crystal structure (grain size),
crystal defects, stressin crystal and extinction
coefficient, so given by following equation!*® :

K= o, A/ 4n (15)

Where ) isthewavelength of incident photon rays.

Coefficient of finesse (F)

It is a measure of the sharpness of the interfer-
ence fringes, and defined as follows9:
4R

"U-R? (16)

—= Fyl] Peper
Critical angle(6, )

Thecritical angleisdefined asthe angle of inci-
dence which provides an angle of refraction of (90-
degrees), and given by following equationi®;

6, =Sin‘@/n) (17)

Brewster angle(0 )

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 un polarized 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) (18)

EXPERIMENTAL PART

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.

Absorbance spectrum

Absorbance measurements of PEGafter and be-
fore adding cellul ose derivatives polymers and pl ot-
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
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Figure 1 : Absorbance with different wavelengths
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Figure2: Absor bance of PEG after and before adding cellulose derivatives polymers

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) also 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-
pecially 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 pure 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 proportional to the
absorbance according to Lambert-Beer law. Further-
more we can be seen from absorbance, theincreases
proportion to additives especially in PEG mixed
with (0.5) additivesfrom xanthan cellulosegum with,
if comparing with (PEG-CMC) and (PEG-MC) and
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-
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Figure 3 : Refractive index of PEG and its blends
TABLE 1 : Absorption coefficient of PEG and its additives
Ty pe of polymer Absor ption coefficient (Lit./mol. cm)
PEG 6000 598.69
025CcMC 904.82
0.5CMC 11625
- 025MC 907.09
+

PEG + additives 0.5MC 98348
0.25X 111738
05X 12184

pliesto the law of Lambert-Beer.
Refractiveindex

The measured values of refractiveindex of PEG
6000 after and before adding cellulose derivative
polymersareshownin Figure(3). ThisFigure shows
that the refractive 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 same behavior of ref-
erence®l,

Optical calculations

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

Absor ption 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
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TABLE 2 : Natural life-time of PEG and its additives

Typeof polymer Natural lifetime(s)
PEG 6000 167x107
0.25CMC 1.10x107
05 CMC 8.60x10°®
. 025 MC 1.16x107
+
PEG +additives 0.5MC 1.01x107
0.25 X 8.94x10°
0.5X 8.20x10®
O
) > 9
2 24
= (=
1 0.1
Concentration (g / mol.%) Concentration (g / mol.%)
["u‘
05
8 0.4
% o>
o 5
E 0.2
01
0
01 0.2 0.3 0.5 0.6 0.7 08 0.9

Concentration (g / mol.%)

PEG PEG+0.25X

PEG+0.5X

Figure 4 : The transmittance of PEG and its polymeric blends

referstothevalues of the absorption coefficient as
in Figure (2), and the TABLE (1) illustrates the
changein the values of the absorption coefficient
for solutions 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
solutions asaresult of theincreased concentrations,

that led to theincrease of light absorbed becausethe
interaction of the electromagnetic waveandthelarge
molecules of the polymer increases with concentra-
tion, according to thelaw of Lambert- Bear and thus
increase the absorption coefficient.

TABLE (1) showsthat (PEG-X) polymer blend
has higher val ue of absorption coefficient and there-
fore (PEG-CMC) than (PEG-MC), because these
two polymers have the higher values of molecular
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Figure 6 : The molar reflectance of PEG and its polymeric blends
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Figure 7 : The coefficient of finesse of PEG and its polymeric blends
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Natural life— time

Inthe near ultraviolet region thevalues of natu-
ral life time of PEG after and before adding cellu-
lose derivative polymers, that cases excitation inthe
ultraviolet spectrumwere obtained by using equa-
tion (4). Sincethe natural lifetimeisinversely pro-
portional with the absorption coefficient, for that note
decrease lifetimeunder theinfluence of adding cel-
lulose derivative polymers and thisisillustrated in
TABLE (2).

(PEG-CMC) polymer blend has higher values
than al 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.

Thetransmittance spectrum
Thevaues of transmittance of al concentrations

L

of PEG after and before adding cellulose derivative
polymer were cal culated theoretical by using equa-
tion (3). Theresults show that decreasingintheval-
ues of transmittance with al concentrations, thisis
because the values of absorbance is directly pro-
portional with concentration and there are logarith-
mic rel ation between absorbance and transmittance.

Figure (4) shows that the relationship between
transmittance and concentrations after and before ad-
dition, from Figure note that after addition the val-
ues of transmittance are decrease and thisreturn to
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
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Figure 8 : Brewster angle of PEG and its polymeric blends

vacantpositions of energy bands, thus part of thein-
cident light is absorbed by the substance and dose
not penetratethroughit.

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-
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 referencé®. It’s a clear from Figure be-
low the values of reflectance are increases with in-
creasing concentration before and after the adden-
dum at the wavelength (191 nm), asillustrated, and
thereason for thisisdueto the increased number of
polymer mol eculesin solution and thereforeincrease
the density of the solution as the reflectiveness is
entirely dependent on the density!®,

Themolar reflectance
Molar reflectance values were calculated by

using equation (13), the results showed increased
thevalues 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 isconsistent with reference!, when study-
ing the polymersCMC, MC and X.

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 have the same be-
havior to their reflectance, because this coefficient
depends on reflectance, from another aspect thein-
fluences of addition lead to increase the values of
finesse coefficient, thisis because the increasing of
reflected light as a result of increasing the density
after addition, and thisresults agreement with refer-
ence?,

Brewster and critical angles
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Figure 9 : Critical angle of PEG and its polymeric blends

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 proportional to their refractive
index, or it isaclear that as concentration increase,
the density aso increase therefore the incident rays
will bend toward normal and causes critical angle
to decrease and the result benefit with23.,

3-Inthisstudy four types of face powdersin dif-

L

ferent colors (cosmetics material) as shownin chap-
ter three, were used. Its known that the ultraviolet
raysisone of the most dangerousthat effect on skin
and causes many skin diseases, such as sensitive,
infection and skin cancer, therefore we took these
factorsin bear of mind and we added polymer blend
to these cosmetics as shown in Figure (10). Figure
(10) shows that the UV-spectrum of four cosmetic
material s after and before adding (PEG-MC) blend.
The result shows that the absorbance of these mate-
rial increase after adding polymer blend, thisislead
to decreasethetransmittance, then the skin been more
secure. Theincreasing of absorbance after addition
return to the molecules of polymer made on absorb
the energy of incident photon, and because the ab-
sorbanceisinversaly proportiona with transmittance
then transmittance decrease.
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Figure 10 : The effect of polymer blend on face powders

CONCLUSIONS

t

1- Thehigher absorptionin (UV-region) makesthe
films good materia for screening off (UV-por- [1]
tion) of electromagneti c spectrum, whichisdan-
gerousto human and animal health. Thesefilms
can be used for eyeglass coating for protection [2]
from sunburn and in the saving of tires and any

rubber types.

2- Adding cellulose derivative polymers to PEG

[3]

lead to increase reflectivity in (UV region), [4]
thereforeit can beused asacoating for different
types of glassto protect the level of solar radia-

tion and reduceit.

3- Fromadding (PEG-MC) solution, we gettingon  [5]
a clear improvement to absorb (UV) and this
property is very important for skin save.

4- From (FT-IR) spectrathere are no chemical in-

eraction happen between materials.
REFERENCES

SKilleen; “UV-filters in cosmetics — prioritisation
for environmental assessment”, Environment Agency
Handbook, (2008).
J.Kahovec, R.B.Fox, K.Hatada; “Nomenclature of
regular single-strand organic polymers” Pure and Ap-
plied Chemistry, 74(10), 1921-1956 (2002).
CodexAlimentarius; “Sodium carboxymethyl cellu-
lose (Cellulosegum)”, Hand book, 2™.Edd., (2009).
M .Takahashi, M.Shimazaki;
“Polym.Phys.Formation of Junction Zones in
thermo reversible methylcellulose gels”,
J.polymer.sci., Part B, (2001).
O.F.Garcia, V.E.Santos, J.A.Casas, E.Gomez;
“Xanthan gum: Production, Recovery, and proper-
ties “, Biotechnology Advances J., 18, 549-579
(2000).

e, Research & Reolews On

Polymer



82 Adding (PEG-cellulose derivatives) on optical properties of cosmetics face powders

RRPL, 6(2) 2015

Full Peper =

[6] C.Mwolfe, N.Holouyak, G.B.Stillman; “Physical
properties of Semiconductor”, prentice Hall, New
York, (1989).

[7] M.A.Khashan, A.M.EL-Naggar; “Optics Commu-
nications”, 174, 445 (2000).

[8] S.Hadi,A.Jewad, A.Hashim; “Optical properties of
(PVA-LiF) Composites, Australian Journal of Basic
and Applied Sciences, 9(5), 2192-2195 (2011).

[9] JH.lbrahim; “Effect of gamma radiation on physi-

cal properties of styrene butadiene rubber”, Journal

of Babylon University, 17(1), (2009).

S.H.AbdAl- Amiree; “Effect of gamma ray and tem-

perature on some physical properties of poly sty-

rene- butadien (SBR)”, M.Sc.Thesis, College of

Science, Babylon University, (2003).

[11] V.N.Reddyl, K.S.Rao, M.C.Subha, K.C.Rag; “Mis-

cibility behavior of dextrin/PVA blendsinwater at

35°C “, International Conference on Advances in

Polymer Technology, India, Feb., 26-27, 356-368

(2010).

GR.Fowds; “Introduction to modern optics”, Holt

Rinehart and Winston, Inc., 2" Edition, 70-160

(2975).

[13] B.H.F.AL-Khayat, F.A.Awni;
JAm.Ceram.Soc.Bull., 64(4), 598-601 (1985).

[14] N.M.Saeed, A.M.Suhail; “Enhancement the optical
properties of zinc sulfide thin films for solar cell
applications”, Iragi Journal of Science, 53(1), (2012).

[10]

[12]

L

[15] N.A.EL- Shistawi, M.A.Hamada, E.A.Gomaa;
“Opto- mechanical properties of FeCl, in absence
and presence of PVA and 50% (V\V) Ethanol- Wa-
ter Mixtures”, Chemistry J., 18(5), 146- 151 (2009).

[16] R.Tintu, K.Saurav, K.Sulakshna,V pn.Nampoori,
Pradhakrishnan, Sheenuthomas; Ge28Se60Sb12 /
PVA compositefilmsfor photoni application”, Jour-
nal of Non-Oxide Glasses, 2(4), 167-174 (2010).

[17] S.Killeen; “UV-filters in cosmetics — prioritisation
for environmental assessment”, Environment Agency
Handbook, (2008).

[18] Diew Saijunl, Charoen Nakasonl, Azizon
Kaesaman, Pairote K linpituksa; “Water absorption
and mechanical properties of water-swellable natu-
ral rubber”, Songklanakarin J.of Sci.and Technol.,
31(5), 561-565 (2009).

[19] I.Das, S.Kumer; “PEG degradation by UV irradia-
tion “, Indian J.of Chem., 44 A, 1355-1358 (2005).

[20] F.Rodriguez; “Principle of polymer systems”, 2™
Edition, John Wiley and Sons, New York, (1983).

[21] A.Takar; “Physical Chemistry of Polymers”, Uni-
versity of Moud, (1984).

[22] A.Blyth; “Electrical properties of polymers”, John
Wily and Sons, New York, (1979).

[23] F.Herman; “Encyclopedia of Polymer Science and
Technology”, John Wiley and Sons Int., New York,
14, (1971).

Research & Reotews On
Polymer



