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In this work, the concentration effect of mixed tin dioxide and zinc oxide on optical properties
of titanium dioxide thin films was studied. Thin films were prepared by using spray chemical
pyrolysis technique on glass substrate at 350 °C. The optical results revealed a weak optical

transmittance for Un-doped TiO- at the end of ultraviolet spectrum followed by an increase,
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more than 48%, at the near IR spectrum. TiO, thin films revealed more transparent with blue
shift in the absorption edge when the SnO,-ZnO mixed increased. A significant decrease in the
absorption coefficient with increasing the mixed of SnO,-ZnO. According to the results of the
electronic transition of TiO», thin films have direct and indirect energy gap, about 3.2 eV and

2.11 eV, respectively. An increase in both types of energy gap was observed with the mixing

concentrations of Sn0,-ZnO increase. In addition, a significant decrease also was in the
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refractive index and extinction coefficient with the increasing SnO»-ZnO concentration.

1. INTRODUCTION

Thin film technology is one of the important
techniques that helps in the development of electronic science
and engineering of surfaces. Because of the thinness of these
films and the ease of cutting, they are deposited on other
materials to be used as substrates, depending on the nature of
studying and using such as glass, quartz, silicon, aluminum
and other metals [1]. The type of substrate Recently, they have
been used in the manufacture of ordinary and thermal mirrors,
filters and sensitive panels for electromagnetic waves,
imaging, solar cells, integrated circuits and they have
contributed to the development of building computers and
aerospace Technology [2]. Thin film technology contributed
significantly to the study of semiconductor properties and it
gave a clear idea about many of its physical and chemical
properties[3].
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The method of chemical spray pyrolysis technique
(CSP) has been adopted by many researchers and in our
research. CSP has several characteristics; the most important
are simplicity and low cost of equipment used which can be
used in normal weather conditions. In addition, films and
materials with high melting point can be prepared by this
technique and they can produce a good homogeneity surface
in large areas that may not be prepared in other ways [4].

Titanium dioxide was used as the base material in our

study because of its unique characteristics. It is a white
inorganic solid, thermal stability with a large energy gap of
3.2 eV, non-flammable and non- toxic with good
semiconductor properties [5]. Commercially, It is an important
material that has been used in paints and thin films coating
applications because it has a high optical transparency [6].
Titanium dioxide constitutes a very valuable material for
optical applications in recent years [7-12]. Many efforts have
been directed toward transference the optical sensitivity of the
TiO2 from UV to the visible-light spectrum for the efficient
use of solar radiation or synthetic visible light [13].

The objectives of the present work include studying the
doping effect with different concentrations of mixed SnO:-
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ZnO on the optical properties of titanium dioxide thin films
according to the system (TiO2)1x:(SnO2-ZnO)x with [(1 -

x): (E + g)], where (x= 0, 3, 5, and 7) wt.%. After that,
finding the possibility of using the prepared films in the wide
fields of electronic applications.

2. THEORETICAL PART

2.1. Transmittance

The transmittance spectrum (T) of the prepared thin
films was calculated using the absorption spectrum depending
on the following formula: [14]

T=exp 23034 e (D
T : Transmittance and A : the absorbance.

2.2. Absorption Coefficient

The absorption coefficient (o) was practically
determined by the measuring of absorption (A) and
transmittance (T), as following: [15]

@ = 23033 e (2)

A: The absorbance after correction, and t: the thickness.

2.3. Energy Gap

The energy gap was calculated by the following
relation: [15]
ahv = B(hv — Eg)" v (3)
E,: Optical energy gap (eV) and hv: absorbed photon energy

(eV)

B: Constant depends on the nature of the material.
r : the exponential coefficient depends on the nature of the
transitions, it is equal to 1/2 for allowed direct transition and
3/2 for the forbidden direct transition, while it equals to 3 and
2 for allowed and forbidden indirect transition respectively.
2.4.Refractive Indiex

The refractive index (n) was calculated according to
the relation: [15]

1++R
n=—w——..
1-+vR

R: thin film reflectance.

. (4

2.5. Extinction Coefficient:
The extinction coefficient (K) represents the energy absorbed
in the film. It was calculated from the relation: [15]

K = Aa/AT oo e vev e v ve v vee e (B)
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A: Incident photon wavelength.

3. EXPERIMENTAL PROCEDURE

Un-doped TiO2 and doped with (3, 5, and 7) wt.%
mixed oxide of SnOz2 and ZnO (TSZ) thin films according to
Table1by using spray pyrolysis technique on glass substrate at
optimal temperature of 350°C with 125 nm as a thickness.
Before deposition process, the glass substrates were cut with
dimensions (2.5%2.5) cm followed by cleaning with D.W and
ultrasonically bath for 15 minutes to make sure the removal of
oily impurity. Finally, they were washed with D.W to be ready
for deposition.

Table 1: Wt.% of TSZ doped TiO: thin films.

TSZ
concentrations % System
0 TiO,
3 TiO; (0.97):(Sn0O2:Zn0O) (0.015+0.015)
5 TiO3 (0.95):(Sn0O2:Zn0O) (0.025+0.025)
7 TiO> (0.93):(Sn0O2:Zn0) (0.035+0.035)

Titanium trichloride (TiCls) solution with 0.05 M
was used as a source of TiO; depending on the following
reaction: [24]
2TiCl; + H,0 - Ti(OH),Cl, + TiCl,

Ti(OH),Cl, - 1 TiO,+T 2Hcl

The doping solutions were prepared from Tin (II)
chloride dehydrate (SnCl.2H,O) and Zinc acetate
dehydrate [Zn(CH3COOH),.2H,0] to obtain SnO, and
Zn0O, respectively. The powders were dissolved in
distilled water without any other additives. UV-visible
spectrometer with a wavelength ranging from 300 to 900
nm with double beam was used to study the absorption,
optical transmittance, absorption coefficient, electronic
transition, refractive index and extinction coefficient.

After completing the process of substrate and
solutions preparation, thin films deposit was the next
step. The glass substrates were placed on the middle of
the electric heater, which controlled by NiCr/Ni as a
type of thermocouple. After making sure that the
solution falls vertically and regularly on all parts of the
substrates, a selective factors and conditions were
depended; temperature about (350+5 °C), spray time
(5sec) , stop time (12sec) , flow rate of solution (2
ml/min), spray distance (29 + 3cm) and air pressure (3
Nt./m?).
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4. RESULTS AND DISCUSSION

Figure.l shows the transmittance spectrum at
room temperature that was calculated by equation (1)
within the spectrum range 300 to 900 nm.
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3% (SnO,+Zn0O)
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Fig.1: Transmittance as a function to the wavelength for Un-

doped TiO2 and doped with TSZ.

The transmittance spectrum is mainly composed
of two parts. It reveals a weak optical transmittance for
Un-doped TiO,, less than 20%, at the beginning of
visible spectrum. Slight linear the
percentage of transmittance within the range 325 to 370
nm followed by a jump in transmittance values after the
edge of absorption to reach the higher value in the end of
spectrum, about 84%, agreement result with [16]. The
reason for the weak transmittance within this range was
due to the high absorption within this region of the
spectrum as the transmittance is inversely proportional
to the absorbance based on the equation (1).

Figure 1 also shows the obvious effect on the
transmittance spectrum at the TSZ doping with the same
behavior for Un-doped films. It was found that the
transmittance increased with the increase of the doping

increases in

concentrations reaching the highest transmittance value,
more than 89% at the near IR for the films with 7%
TSZ. Another observation of the same figure that
showed there was a shift in the edges of the absorption
towards the short wavelengths (blue shift) with the
increase of TSZ, as shown in Table 2. This is due to the
possession of nanoparticle description for the prepared
films [17] and the doping process changed the grain size
of these nanoparticles [18]. This shift refers to an
increase in the energy gap values as TSZ increased, as
seen below.
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Since the doping process has resulted in a significant
increase in transmittance especially in the visible spectrum
region, it is possible to benefit from such types of films in the
fields of electronic applications as optical windows where its
effective region is in the range of the visible spectrum.

Table 2: Variation of transmittance according to the
wavelength: maximum at A1, at the absorption edge A2, at the
end of spectrum Asz.

Dopin; A A A

Rago‘Vgo (nnll) T (m;) % (mil) T
0 327 | 11.52 | 387 | 2533 | 900 | 55.44
3 324 | 179 | 370 | 38.53 | 900 | 86.76
5 317 | 17.47 | 362 | 47.02 | 900 | 88.53
7 314 | 22.90 | 358 | 47.42 | 900 | 89.22

calculated from
equation (2) and it is shown as a function to the
wavelength in Figure.2. All films have a strong
absorption edge in the Ultraviolet region, due to the
electronic transitions between bands at this wavelength
[19]. Figure.2 also shows that Un-doped TiO, has a
strong absorbance peak, 11x10* cm™, at the wavelength
of 327 nm then a significant decrease in the absorption
coefficient with increasing wavelength. It is attributable

The absorption coefficient was

to the increase of the transmittance in this spectral range.

Pure
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7% (SnO,+Zn0)

o x10° (em™)
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Fig.2: Absorption coefficient variation with the wavelength.

In general, the absorption coefficient values decreased
after doping with TSZ with the same behavior for Un-doped
films, as shown in Table 3. The reason for the decrease in the
absorption coefficient values within the wavelength range
from 400 to 900 nm was due to the fact that the electronic
transition in this wavelength range were few. In other words,
the energy of the falling photons was not sufficient to excite
these electrons and then transfer them to the valence band
from conductive band [20].
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Table 3: Variation of absorption coefficient with wavelength:
maximum at A1, at the absorption edge A2, at the end of

spectrum As.
Doping | N a x10* A | ax10t | A4 a x10*
Ratio% | (im) | ecm?! | (nm) | cm! | (nm) | cm’!
0 327 11 387 | 6.86 | 900 | 2.77
3 324 | 872 | 370 | 471 | 900 | 0.62
5 317 | 858 | 362 | 3.86 | 900 | 0.56
7 314 | 7.37 | 358 | 3.63 | 900 | 0.51

All prepared films had an absorption coefficient greater
than 10* cm™!, approach to its findings by [16], which gives the
impression that the films under study will have an energy gap
of the direct type. According to these results, the doping with
this concentration of TSZ can be used in the field of reflective
coatings to take advantage of the low absorbance property at
the spectrum range from visible to infrared radiation.

According to many previous studies, Titanium dioxide
films have both types of energy gap, direct and indirect type.
The values of the energy gap in general depend on many
factors, one of the most important is the crystal structure of
the nanoparticle thin films in addition to how the atoms are
distributed and arranged in the lattice of the crystal [21].
Results of direct and indirect band gap calculations are shown
in the figures 3 and 4, which were calculated by plotting the
relation between (ahv)? as a function of the photon energy

(hv) for direct E; while (ahv)% as a function of the photon
energy (hv) for indirect E; depends on equation (3). The
values of the direct and indirect optical energy gap represent
the intersection point between the photon energy, (X-axis),
and a straight line extending from a curve of (ahv)? and

1
(ahv)z , respectively, at a = 0.

The values of direct and indirect optical energy gap
were tabulated in Table4. They are very close to many results
by researchers [17,22]. This shows that there was an increase
in both types of E; with an increase of dopant concentration.
That may be due to the doping with TSZ which leads to
improve the crystalline growth by reducing localized states
and thus reducing the structural defects of the crystal structure
[23].

Table 4: Direct and indirect E, g for Un-doped TiO2 and doped

with different concentration of TSZ.

Doping Ratio % | Direct E, (eV) | In direct E, (eV)
0 3.2 2.11
3 33 2.42
5 3.38 2.6
7 347 2.67
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Fig. 3: Variation of direct optical energy gap as a function to
the photon energy
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Fig. 4: Variation of indirect optical energy gap as a function to
the photon energy

Figure.5 shows the variation of refractive index for Un-
doped TiO2 and doped with different concentrations of TSZ
depending on equation (4). For Un-doped film, there is a
linear increase in n values within the range 340 to 387 nm
then exponential decrease to the end of the spectral range at
900 nm. However, doping with 3, Sand 7% with TSZ refers to
a significant decrease in refractive index and extinction
coefficient. That may be as a result of changing in the atoms
distribution on the surface of the prepared thin films and then
in the roughness of films, this is in agreement with [24], also,
the reason may be due to a decrease in the granular size of the
prepared membranes and the surface density of the
nanocrystals [8]. Table 5 shows the variation value of
refractive index as a function to the wavelength for all
prepared films; minimum value at A1, at the absorption edge
A2 and at the end of spectrum As. Films with high refractive
index are suitable for anti-reflective coatings and multilayer
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optical coatings, such as optical fibers, applications [25].
Decreasing the refractive index with TSZ increase made the
prepared films more transparent, which could be used in the
field of optical windows [9].

Pure
3% (SnO,+Zn0)
5% (SnO,+Zn0)
7% (SnO,+Zn0O)

T
300 400 500 600 700 800 900
Wavelength (nm)

Fig. 5: The variation of refractive index as a function for the
wavelength.

Table 5: Variation of refractive index with wavelength:
maximum n at A1, at the absorption edge A2, at the end of

spectrum As.
Doping Al A2 A3
. n n n
Ratio% | (nm) (nm) (nm)
0 643 | 2.66 | 387 | 2.65| 900 | 2.38
3 365 | 2.65| 370 | 2.64 | 900 | 1.60
5 347 | 2.64 | 362 | 2.58 | 900 | 1.57
7 337 | 2.64 | 358 | 2.57 | 900 | 1.54

The extinction coefficient is influenced by many
factors, including the loss of incident wave energy due to the
absorption process. A similar behavior to the absorption
coefficient is due to the relationship between them, equation
(5). Figure 5 revealed the changing in the extinction
coefficient values with the wavelength.

The highest extinction coefficient values for prepared
thin films were within the absorption edge followed by sharp
decreasing to the end of spectrum, as shown in Table 6. This
decrease is due to the amount of radiation that attenuated on
the surface of the films [7]. The highest extinction coefficient
values within short wavelength can be attributed to the losses
in the energy of the falling radiation because of the
fundamental absorption process. In other words, the higher
energy of incident radiation means the greater possibility of
absorption. Whereas, the low values of the extinction
coefficient at long wavelengths can be attributed to the
increase in transmittance within this spectral region of the
prepared films [26].
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Fig.6: The variation of extinction coefficient as a function for
the wavelength.

Table 6: Variation of K with wavelength: maximum at A1, at
the absorption edge A2, at the end of spectrum As.

Doping M A2 A3

Ratio% | (nm) K (nm) K (nm) K
0 327 | 0.231 | 387 0.17 | 900 | 0.19
3 324 | 0.188 | 370 0.11 | 900 | 0.045
5 317 | 0.184 | 362 | 0.105 | 900 | 0.041
7 314 | 0.156 | 358 | 0.101 | 900 | 0.038

From Figure 6, it is clear that Un-doped film has a
rapid decrease in the extinction coefficient within the UV
spectrum and then an exponential increase within a visible
rang followed by relatively stability within infrared spectrum.
However, this variation in the behavior of films depends on
many factors; elemental type of the composition, roughness
and density of the surface films, atoms distribution, the type of
the crystalline structure, etc. [27]. The TSZ dopant
concentration effect was decreased the extinction coefficient
with the same behavior of absorption coefficient as the same
reasons, because of the relation between a and K, according to
relation (5). An important indicator from the low values of the
extinction coefficient in the visible and near IR spectrum
range, that the surfaces of the prepared TiO2 films were
smooth [28].

5. CONCLUSION

Thin films of Un-doped TiO:z and doped with different
concentrations of Sn02-ZnO mixture (TSZ) on glass
substrates are prepared by chemical spray pyrolysis. Results of
optical calculations showed an increase in optical
transmittance with increase of the dopant concentration, while
the absorption coefficient decreases. Direct and indirect
optical band gap increases from 3.2 to 3.47 eV and from 2.11
to 2.67 eV, respectively. The TSZ doping ratio reduced
refractive index from 2.65 to 2.57, while the extinction
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coefficient has the maximum value within the range of UV
spectrum.

REFERENCES

[1] Jamal, M. Rzaij., 2016 “Characterization of CuO thin films
for gas sensing applications,” Iraqi J. Phys., vol. 14, no.
31, pp. 1-12.

[2] Thi,Ly. Le.,2016 ~Preparation of transition metal oxide
thin films used as solar absorbers materials, » Universite
paul Sabatier— Toulouse III, English.

[3] Anderson.J.,and Chris .G .Van de .Walle.,2009,"
Fundamentals of Zinc Oxide As a Semiconductor,”
Materials Department, University of California, Santa
Barbara, Rep. Prog. Phys.,Vol. 7, no. 2, PP. 29.

[4] Tbraheam.A. S., Jamal.M. Rzaij., and FakhriM. A.,
2019,“Structural, optical and electrical investigations of
Al:ZnO nanostructures as UV photodetector synthesized
by spray pyrolysis technique,” Mater. Res. Express, vol.
6, no. 5.

[5] Asahi.R., and Taga.Y., Wolfgang. Mannstadt, and
Freeman.A. J.,2000," Electronic and Optical Properties
of Anatase TiOz,” Phys. review. B, Condensed matter,
Vol. 61, no. 11.

[6] Gultekin Gulsen, and M. Naci. Inci,2002,"Thermal optical
properties of TiO: films,” Opt. Mater, Vol. 18, no.4, PP.
373-381.

[7] Mistrik .J., Kasap .S., Ruda.H. E., Koughia C., and Singh
J.,2017, -Optical Properties of Electronic Materials:
Fundamentals and Characterization BT- Springer
Handbook of Electronic and Photonic Materials~, Eds.
Cham: Springer International Publishing, p. 1.

[8] Bakr A.,2016, “Effect of Fluorine Doping on Structural
and Optical Properties of SnO2 Thin Films Prepared by
Chemical Spray Pyrolysis Method,” Adv. Mater., vol. 5,
no. 4, pp. 175-182.

[9] Baco. S., Chik.A., and Yassin.F. Md.,2012, “Study on
Optical Properties of Tin Oxide Thin Film at Different
Annealing Temperature,” J. Sci. Technol., vol. 4, no. 1,
pp. 61-71.

[10] Al-Saadi .T. M., Hussein .B. H., Hasan.A. B., and Shehab
A. A, 2019, “Study the Structural and Optical Properties
of Cr doped SnO: Nanoparticles Synthesized by Sol-Gel
Method,” Energy Procedia, vol. 157, pp. 457-465.

[11] Hussain. N., Zulfigar.S., Khan.T., Khan.R.,Khattak.SA.,
Ali.S., and Khan.G., 2020 “Investigation of structural,
optical, dielectric and magnetic properties of SnO2

Journal of University of Anbar for Pure Science (JUAPS)

48

Open Access

nanorods and nanospheres,” Mater. Chem. Phys., vol.
241, p. 122382.

[12] Ali.S. M., Hussain.S. T., Bakar.S. A., Muhammad.J., and
Rehman ..N. U.,2103 “Effect of doping on the Structural
and Optical Properties of SnO2 Thin Films fabricated by
Aerosol Assisted Chemical Vapor Deposition,” J. Phys.
Conf. Ser., vol. 439, no. 1.

[13] Janitabar .D. S., R.Mahjoub. A., and Bayat. A.,2016,"
Synthesis and characterization of visible light active S-
doped TiO2 Nanophotocatalyst," Int. J. Nano Dimens.,
Vol. 7, no. 1, PP: 33-40.

[14] Konan.F.K. Hartiti. B.,Tchognia Nkuissi.H. J.,and
Boko.A.,2019," Optical-structural characteristics of i-
ZnO thin films deposited by chemical route,” J. Mater.

Environ. Sci., Vol. 10, no.10, PP. 1003-1010.

[15] ArwaaF. Saleh, Batool. D. Balawa and Arecj.A.
Hateef,2010," Effect of the Thickness on the Optical
Properties of (TiO2) Thin Films,” Al- Mustansiriya J.
Sci, Vol. 21, No 4.

[16] Nihad.A., Alsiddig.T. Kaffi, Abdalskhi.S.M.H and
Sawsan.A. E. Ahmed,2019," The Effect of Silver Doping
on Optical Properties of TiO2," IOSR Journal of Applied
Physics, Vol. 11, No. 5, PP. 14-19.

[17] Essalhi.Z., Hartiti.B., Lfakir.A., Siadat.M., and
Thevenin..P.,2016, “Optical properties of TiO2 Thin
films prepared by Sol Gel method,” J. Mater. Environ.

Sci., vol. 7, no. 4, pp. 1328-1333.

[18] Zhao.B. X., ZhoulJ. C., and Rong.L. Y.2010,
“Microstructure and optical properties of TiOz thin films
deposited at different oxygen flow rates,” Trans.
Nonferrous Met. Soc. China English Ed., vol. 20, no. 8,

pp. 1429-1433.

[19] Guidong.Y., Zifeng.Y., and Tiancun.X.,2012,"
Preparation and characterization of SnO2/ZnO/TiO2
composite semiconductor with enhanced photocatalytic

activity," Applied surface science 258, PP. 8704-8712,.

[20] Cardona.M.,and Yu.P.Y., 2011, ~Optical Properties of
Semiconductors” Comprehensive Semiconductor Science
and Technology, vol. 1-6, pp. 125-195.

[21] Yahya.K. Z., Haider.A. J., Tarek.H. S., and Al-Haddad
.R.M.,2014,“Effect of Substrate Temperature on
Nanostructure Titanium Dioxide Thin Films Prepared by
PLD,” Eng. &Tech.Journal, vol. 32, no. 3, pp. 3-4.

[22] Kumar.R., Sharma.N., and Arora.N.,2016, “Study of
spray deposited titanium dioxide films,” Adv. Appl. Sci.
Res., vol. 7, no. 3, pp. 142-147.



P-ISSN 1991-8941 E-ISSN 2706-6703 Journal of University of Anbar for Pure Science (JUAPS) Open Access
2020,14 (1 ):43- 49

[23] Bin Mo .L., Bai.Y., Yun Xiang. Q., Q. un Li, Wang .J. Gel Vanadium Pentoxide Thin Films using
Ou, Ibrahim.K.h, and Jiang-Li.C.,2014,“Band gap Transmittance and Reflectance Spectra,” Inter., J., Appl,
engineering of TiO: through hydrogenation,” Appl. Sci, & Tech,, Vol. 9, no. 3.

Phys. Lett., vol. 105, no. 20. . .. .
[27] Stal., JlassiM., Hajji.M., Boujmil M.F., Jerbi.R.,

[24] Bouachiba.Y., Bouabellou.A., Hanini.F., Kermiche.F., Kandyla.M., Kompitsas.M., and Ezzaouia.H.,2014,
Taabouche.A., and Boukheddaden.K.,2014,“Structural “Structural and optical properties of TiO: thin films
and optical properties of TiO: thin films grown by sol- prepared byspin coating”, Journal of Sol-Gel Science and
gel dip coating process,” Mater. Sci. Pol., vol. 32, no. 1, Technology 72, 421 (2014).
pp. 1-6. [28] Sahoo.A., Jayakrishnan.A.R., Kamakshi.K., Silva.J.P.B.,

[25] Yildiz.A., Lisesivdin.S.B., Kasap.M., and Sekhar.K.C., and Gomes.M.J.M.,2017,“Optical and
Mardare.D.,2008," Electrical properties of TiOz thin electrical properties of sol-gel spin coated titanium
films,” Journal of Non-Crystalline Solids 354, pp. 4944— dioxide thin films,” IOP Conf. Ser. Mater. Sci. Eng., vol.
4947. 225, no. 1, pp. 299-305.

[26] Nehad.M. Tashtoush A. S. Momani., and
Mousa.J.,2019," Determining Optical Constants of Sol-

i) Ay B ypanal) 488 1) TiOQ, 4l Y 4 padl) pailiadl) o Sn0,-ZnO bild 585 5
AN (Al

E0 A Jle Juar g ikl s £3Mad

GUal— (sl ) S daals , aglal) AS, sLjdll acd

E-mail: sc.jam72al@uoanbar.edu.iq

: DAY

A58 AueY) jpdand a3 gl el AN AREN LS Lipadl patladl) Ao i sy juaall) el B 3G il Aals i (Jaad) 13 b
TiO2 4.5y ddmda dupar L o0 Ayl il ddS . Aujalu 4300 350 Bls o tie zlajl (e 18 o Glall Sibasl) (i) 48 aladiul
Cinjg Aol lad 488 TIO2 i) cughl Ll shasl) cial dady) Cibs (e o/ 48 (e ST (Bl lgali audial) (3 gb Cial) Algs B Augdial)
sy .SN02-ZNO guje 53L) g pabaiad) Jalaa (4 S Galdadl .ZN0 5 SN0, gije desi 5aL) g Bmeaill) Lingall Jlshi¥) oladhs Galialiay) dls b
p b Bl U culs . g o clsh 2,115 sk 3.2 gs byl ydy Bpibea 4Bl Bad o AR il Y) geiad (THO, I g ASIy) JUY) gl

-8N0,-ZNn0 S5 514 e 3gail) Jalaag JLuSiy) Jalea B 4a€ (alidd) dlia (il diLa) .SN0,-ZN0 Ladd 55 Bali) aa ABUal) Bgad o58 DS

oyl alsall (i) ssad (dad) Ludel (TIO, :dualidal) cilals))

49



