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The pure membranes of TiO, and manganese Mn are prepared in propor-
tions of 5, 3, 1 using the method of pulsed laser deposition (PLD), as the
sedimentation process is carried out on glass bases at room temperature,
and a thickness of 200 nm; here, the effect of manganese distortion on
the structural and optical properties is studied, as the results of x-ray
diffraction show that all the membranes are prepared as having a quater-
nary based structure (tetragonal) as well as within the structural charac-
teristics. The surface topography is studied with an atomic force micro-
scope, and the results show a decrease in the values of surface roughness
and mean square root of it with increasing the percentage of distortion;
the values of the roughness rate are of 3.935-2.983 nm, but, through
visual examinations, it is noted that the values of absorption and absorp-
tion coefficient increase with increasing the percentage of distortion,
while the optical energy gap decreases with increasing distortion with
manganese as 3—2.25 eV.

Yucri membpanu TiO, i Manrany Mn 6yau BUTOTOBJIEHI B IIPOMOPIIiaAX 5, 3,
1 3a OOIOMOTOI0 METOAY iMITyJIBCHOTO JIa3ePHOTO OCaIKEeHHS, OCKiJIbKU
mpoliec CeIMMEHTAllii TPOBOAMBCA Ha CKJIAHNX OCHOBaxX 3a KiMHATHOI TeM-
mepaTtypu, Ta ToBinuHO y 200 HM; TyT BUBUYaBCS BILJIMB CIOTBOpeHHs Ma-
HI'aHOM HA CTPYKTYPHi @ OINTHYHI BJACTHUBOCTi, OCKIJIBKM Pe3yJabTAaTH PEHT-
Tr'eHiBChKOI Au@pariiii MOKasyoTh, 1[0 BCi MeMOpaHu, AKX OYJIO OJep:KaHO
AK Taki, 10 MalOTh YETBEPTHUHHY CTPYKTYPY (TeTparoHalabHy), a TaKOXK ¥
MerKaxX CTPYKTYPHHX xXapaKTepucTuk. Tomorpagiro moBepxXHi ZOCTim:KyBaIn
3a JOIIOMOTOI0 aTOMHO-CHJIOBOTO MiKPOCKOIIa, i pesyJbTaTH IOKa3ajlu 3Me-
HIIeHHS 3HaUeHb INIEePCTKOCTU IOBEPXHi Ta CepelHbOKBAAPATHUUYHOTO 3HA-
uyeHHA 11 3i 30iIbIIIEHHAM BiJ[COTKa CIIOTBOPEHHS; 3HAUEHHS PiBHA IIEPCTKO-
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ctu ctaHoBuau 3,935—2,983 um, aje mim uac BisyaJabHUX AOCIIIMKEHDL OYJIO
3a3HAYEHO, IO 3HAUEHHA IOTJIMHAHHA Ta KoedillieHTa HmOTIMHAHHS 36iJb-
IIYIOThCA 3i 301MBIITEHHAM BiflCOTKA CIIOTBOPEHHA, TOAi AK OINTHUYHA eHepre-
TUYHA IiJNHA 3MEHIITYEThCSI 31 30iMBIITEHHAM CIIOTBOPEeHHS 3 MaHTaHoOM AK
3-2,25 eB.

Key words: titanium oxide, jamming, deposition, pulsed laser, optical
properties, compositional properties.

KarouoBi cmoBa: okcuj TUTaHy, TJIYITiHHSA, OCaIsKeHHS, iMOYyJIbCHUI JIasep,
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(Received 25 October, 2023; in revised form, 13 March, 2024)

1. INTRODUCTION

Thin films are one of the most important newly innovative technol-
ogies in materials science and technology [1]. Thin films have a
small thickness ranging from several nanometers (nm) to several
micrometers (um) [1, 2].

Thin films are used in a variety of applications, such as medical
devices, thin electronics, renewable energy, precision manufactur-
ing and many other fields [3, 4].

Titanium dioxide (TiO,) membranes have played a large and wide-
spread role in scientific applications due to their great potential in
various functional applications such as solar photovoltaics [5], envi-
ronmental purification [7] and hydrogen production through water
splitting [5, 7]. The energy gap of pure TiO, oxide provides effec-
tive absorption of ultraviolet radiation with a wavelength of less
than 400 nm [8], preventing it from obtaining visible light-induced
functions [9]. To expand the functions of the visible light region of
TiO,, significant attempts have been made to reduce the bandgap in
TiO,, using non-metallic elements and transition metals as grafting
and chopping elements [10].

Titanium oxide (TiO,) or Titania is one of the most widely used
metal oxide semiconductors because it possesses interesting physical
and chemical properties. From a technological point of view, this
material has the following unique properties: corrosion resistance,
non-toxicity, high dielectric constant, high refractive index, high
permeability, wide blocked gap, high sensing capabilities, inert sur-
face characteristics, long-term stability and biocompatibility [11,
12].

TiO, has found extensive applications in the field of photocataly-
sis [13], solar cells [14], gas sensors [15], corrosion protective coat-
ings [61], anti-reflective coatings [71], memory devices [81], self-
cleaning [91], water treatment [20], antibacterial application [12].
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2. WORKING METHOD AND MATERIALS

The used materials are presented in Table 1, which shows the char-
acteristics of these materials.

3. PREPARATION OF MODELS

A sensitive balance of 0.001 of German origin was used to weigh
the samples, as a total weight of 2 gm of titanium oxide and man-
ganese was taken, where the percentages of manganese were 1, 3, 5
of the total weight and the rest of the percentage is due to the base
material titanium oxide.

After preparing the samples and taking the proportions, the hy-
draulic press device manufactured by Sky Spring was used; the
samples are placed in a mold with a diameter of 12 mm and exposed
to high pressure by 5 Tons.

The pressure and time are carefully adjusted to ensure that co-
herent and homogeneous samples are obtained, and Fig. 1 shows the
hydraulic piston device.

TABLE 1. Specifications of the materials used.

Material Purity | Density, g/cm? | Company
TiO, 99.9% 4.5 Titanium industries
Mn 99.7% 7.2 BHP Billiton

Fig. 1. Hydraulic press.
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4. SEDIMENTATION PROCESS

After the pressing process, the samples are processed to prepare
them for membrane formation, a pulsed laser device of the type of
laser Nidemum—Yak shown in Fig. 2 was used, pulsed laser deposi-
tion technology was used with a capacity of 500 mdJ to heat the sur-
face of the sample tightly and form a thin layer of material on the
surface of the glass base with dimensions 50x20x1.2 of Chinese
origin. In the laser deposition process, laser parameters such as
power, frequency and time are precisely controlled to ensure accu-
rate membrane formation and high quality. Table 2 explain the
specifications of the laser device used in the sedimentation process.
Using the sampling and laser sampling process, Mn-impregnated
titanium oxide samples are prepared to form the membrane and
achieve excellent results in manufacturing applications and tech-
nical research that require precise, high-quality installations, such
as electronic devices, solar panels and optical technologies.

5. THICKNESS MEASUREMENT

Thin film thickness measurement helps to understand the physical
properties of membranes and their behaviour. This information can
be used to improve membrane design and improve the performance

Fig. 2. UV spectrophotometer.

TABLE 2. Specifications of pulsed laser device used in sedimentation.

Properties Value
Energy 100-1000 mJ
Wave length 532-1064 nm

Frequency 1-6 Hz
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of associated applications. The diffraction method of the laser beam
was used to measure the thickness of the prepared membranes using
a helium-ion laser source He—Ne, lens and sample, after the laser
light passes from the lens to the eye, there will be optical input
(which is dark and luminous lines), and the thickness is calculated
as follows:

a-2% (1)
y 2
where D means membrane thickness, Ay is the path of laser light

deviation y interference hem width, A—wavelength of helium—neon
laser of 632.8 nm.

6. OPTICAL MEASUREMENTS

Optical examinations of titanium oxide membranes with percentages
of 1, 3, 5% of manganese were measured using ultraviolet rays us-
ing the SP-8001 spectrometer and its wavelength is between 200-
1100 nm, and Fig. 2 shows an image of the device used in measur-
ing visual examinations, the sample is highlighted and the amount
of light absorbed at a specified wavelength is measured. This meas-
urement can give information about the level of light absorption
and changes in the electronic structure of the material, and then
through these measurements, we can calculate the rest of the visual
examinations such as transmittance, energy gap and reflectivity.

7. STRUCTURAL MEASUREMENTS WITH X-RAYS

X-ray diffraction test was measured for membranes prepared from
manganese-tinged titanium oxide, the device was used type 6100Lab
X, to perform the x-ray diffraction examination process, the follow-
ing steps can be carried out:

1) sample preparation of pure manganese-tinged titanium oxide
membranes by pulsed laser deposition (PLD) method;

2) the XRD device prepared is properly equipped and set the neces-
sary parameters such as the deviation angle, the deviation range
and the appropriate x-ray source;

3) in the x-ray reflexology, x-rays are directed towards the sample
and reflected rays are measured; x-rays are guided by control of the
angle of deviation and proper recording of reflected rays;

4) the data obtained from the XRD device (Table 3) are analysed
using special analysis programs to analyse the results, including
comparing the resulting patterns with the approved international
databases of known crystal patterns, determining the crystal struc-
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ture, and information related to atomic arrangement and distances
between crystal layers.

8. ATOMIC FORCE MICROSCOPY

AFM examination is a technique used to analyse and examine sur-
faces at the atom and particle level. AFM relies on the use of a sen-
sitive needle to interact with the sample surface and measure the
forces between them. A small compressive force is applied to the
surface using a needle, and by measuring the change in height and
interacting forces, a detailed map of the surface is created and var-
ious properties are analysed. The atomic force microscopy examina-
tion of the prepared membranes was performed using the Bruker
dimension icon atomic device force microscope.

9. RESULTS AND DISCUSSION
9.1. Structural Properties

The structural properties of pure manganese-tinged titanium oxide
(TiO,) films were studied by x-ray diffraction technique to know the
crystal structural changes of the materials, the crystal size, the
homogenization process of the constituent elements of the prepared
membranes, the topography of the membranes with the technique of
atomic force microscopy, the knowledge of particle roughness and
grain size.

9.1. X-Ray Diffraction

The results of an examination using x-ray diffraction technology
for pure titanium oxide membranes TiO,, as titanium oxide appears
in the case of pure sample, show through Fig. 3 that the x-ray spec-
trum of Ti membranes as having a quaternary structure (tetrago-
nal), by observing the diffraction pattern and knowing the locations
of peaks of the membranes prepared by pulsed laser deposition
method, the appearance of levels (101), (111), (211), (002), (301)
and (202). As shown in Table 3, this corresponds to the internation-
al card (ASTM) (ICDD) numbered (00-001-1197). After the distor-
tion with manganese, manganese appeared at two levels, namely
(210) at the angle 29.547° and (221) at the angle 43.395°, when
adding larger percentages of manganese, the intensity of manganese
peaks increases and the intensity of titanium oxide peaks decreases,
and according to the international card numbered (00-154-1139),
the crystal structure of manganese is a cubic structure, but after
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Fig. 3. X-ray diffraction patterns of prepared membranes.

adding it to titanium oxide, it has the same crystal structure as ti-
tanium oxide. Consistent with the results of the crystal size, as the
crystal size decreases with increasing the percentage of manganese
grabbing, and Table 3 shows the results of diffraction of x-rays of
membranes prepared from titanium oxide tinged with manganese
and for all ratios of distortion, and this is consistent with the find-
ings of the researcher Kharoubi and his group, but they were the
crystal size in their study is larger and a slight difference in some
peaks and their intensity [22]. Through the results of the x-ray dif-
fraction examination, it was observed that there is crystal growth
due to the tendency of titanium oxide peaks to decrease their inten-
sity by adding manganese, which is explained by the crystal growth
that occurs during the sedimentation process, and this is consistent
with the researcher Bhandarkar and his group [23]. However, in
their study, the addition hinders the crystal growth of some peaks
as a result of the change in surface energy [24].

9.1.2. Results of Atomic Force Microscopy (AFM)

The study of membranes prepared from manganese-tinged titanium
oxide was carried out using atomic force microscopy analysis.
Figure 4 shows pictures of the membranes prepared for pure ti-
tanium oxide and tinged with manganese for all proportions, as it
can be seen that the nests have a closely homogeneous granular sur-
face and that the surface is very uniform without any cracks.
The AFM image of the sample shows that the addition of manga-
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TABLE 3. Test results for x-ray diffraction of the prepared membranes.

Sample|2Theta, deg.[FWHM, deg.|C.S., nm | hEkl | a, b, c; Phase No. Card
36.102 0.110 90.591 101 o<
% 41.228 0.109 97.947 111 %ﬁ Té
%] 54.070 0.204 67.076 211 <o c% No. Card TiO,
S | 62.160 0200  86.071 002 19 E  |(9g.001-1292)
& 68.727 0.308 71.947 301 [
76.235 0.413  81.711 202  °
29.547 0.142 65.223 210 Crystal system
36.134 0.192 51.896 101 ot Tetragonal
o 41.175 0.170 62.713 111 o< Té
= 43.395 0.150 73.614 221 i
§ 54.094 0.261 52.392 211 g HIT %
62.950 0.285 61.950 002 o e No. Card Mn
68.375 0.328 66.517 301 S (00-154-1139)
76.276 0.495 68.425 202
29.631 0.178 52.012 210
36.699 0.290 34.512 101
41.280 0.211 50.730 111 °<C°<
g 43.466 0.212  52.256 221 X o
i 54.187 5.901 2.325 211 Klb 3 Crystal s.ystem
& 62.791 11115 1.580 002 =7 Cubic
68.650 6.561 3.362 301 s °
76.252 7.680 4.399 202
29.446 0.178 51.917 210
36.397 0.390 25.567 101
41.210 0.411 25.993 111 ~
§ 43.651 0.312 35.601 221 g
i 54.372 6.998 1.970 211 %”
) 62.140 11.115 1.546 002 5
68.834 6.981 3.186 301 =
76.124 7.865 4.257 202

nese on the titanium oxide membranes leads to improved roughness
and this is consistent with what the researcher came and this is
consistent with the results of the researcher Yang et al. [52], as the
crystal size began to increase and roughness began to decrease.
These results indicate the process of improvement in the mem-
branes because the increase in roughness reduces the number of self
on the surface and collects them to be in the form of larger assem-
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Fig. 4. Atomic force microscopy images of membranes prepared for all al-
loy ratios: a—TiO, pure; b—1% Mn; c—2% Mn; d—3% Mn.

TABLE 4. Results of the examination of atomic force microscopy.

Content, % |Average roughness, nm| r.m.s, nm |Average dimeter, nm

TiO, pure 3.935 6.981 18.451
1% Mn 3.794 6.036 18.987
3% Mn 3.201 5.249 19.768
3% Mn 2.983 4.780 20.341

blies.

This improvement is due to the effect of manganese on the crys-
tal growth process of titanium oxide membranes and the change in
the crystal structure of manganese too because it has a cubic struc-
ture as shown in Table 4.
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Fig. 5. Absorbency spectrum of titanium oxide membranes.

9.2. Optical Measurements
9.2.1. Absorption

The results of the absorbance values of pure titanium oxide TiO,
membranes tinged with manganese Mn prepared by pulsed laser
deposition decrease with increasing wavelength and the process of
distortion with manganese, as Fig. 5 shows that the value of ab-
sorbance is the greatest possible at short wavelengths 300 nm and
then the absorbance values gradually decrease with increasing wave-
length until the absorbance reaches its lowest value at the wave-
length 1100 nm, indicating that the membranes The preparation of
manganese-tinged titanium oxide has a large absorbency at the visi-
ble light area, which makes it suitable in some electronic applica-
tions such as solar cells, and decreases with increasing wavelength,
and the reason is that the energy of the incident photon is less than
the value of the energy gap of the semiconductor and this prevents
the electron from moving from the valence beam to the conduction
beam [26].The reason for the increase in absorption values with in-
creased manganese distortion ratios is due to the generation of de-
fect sites and thus the creation of additional energy states within
the energy band gap. The high concentration of the defect site with
the concentration of Mn thus contributes to increased absorption
[27].

9.2.2. Absorption Coefficient (A)

Figure 6 shows the relationship between the absorption coefficient
and photon energy of membranes prepared by pure pulsed laser
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Fig. 6. Relationship between absorption coefficient and photon energy of
titanium oxide films.

deposition method with distortion percentages 5, 3, 1. It was found
that the values of the absorption coefficient of the membranes are
equal to (a0 < 10.000) and this indicates the electronic transfers that
occurred are of the type of direct transitions [28]. Through this
figure, we notice that the process of morphism with manganese
leads to an increase in the values of the absorption coefficient, and
this means that the membrane material began to crystallize and
homogeneity when it was saturated with manganese and that the
process of distortion led to a reduction in crystal defects and a re-
duction in the levels of localized crystal that exist within the pro-
hibited energy gap that was generated due to defects or defects
within the crystal structure, and this is consistent with the re-
searcher [29].

9.2.3. Transmittance

Figure 7 shows the relationship between permeability and wave-
length, if the results show there is a decrease in permeability values
whenever the percentage of manganese distortion increases as in
Fig. 7, titanium oxide membranes have the highest permeability of
about 80-90 at room temperature within the visible spectrum re-
gion, and Fig. 7 shows the transmittance spectrum with the wave-
length of pure titanium oxide membranes tinged with manganese
with smearing percentages of 1, 3, 5%. It is noted from the figure
that the transmittance decreases with increasing distortion rates,
but it begins to increase gradually and for all the prepared mem-
branes when the wavelength increases, and this is consistent with
Ref. [30], as the transmittance spectrum of these prepared mem-
branes can be used in the manufacture of the photodetector because



120 Mohammed Ghazi KARIM and Reham Zaid HADI

90
. —TiO, Pure
c\o 1% Mn : | "]
& 700 |
& 60 23) ﬁz A i
g S (¢}
o i / i
g 40 L2 // '/
g 30 o / ,/
o : ?
190 400 500 600 700 800 900 1000 1100

Fig. 7. Permeability spectrometry of prepared titanium oxide membranes.

it is a window to the visible and infrared regions.

9.2.4. Energy Gap

The optical energy gap of the membranes prepared from TiO, and
pure and tinged with manganese was calculated and a graphical re-
lationship was drawn between 2ahv with the energy of the incident
photon (hv) as shown in Fig. 8, as this figure shows that the change
is linear in a certain range of photon energies (the range of the vis-
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Fig. 8. Energy gap values of prepared titanium oxide membranes.
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ible region). The energy gap value of the pure TiO, membrane was
equal to 3 eV, but when titanium oxide was imbued with manga-
nese, the energy gap began to decrease, and this is consistent with
what the researchers came up with Ref. [31], the increase in distor-
tion led to a decrease in the energy gap value from 3 eV for pure
membranes to 2.25 eV for the retained membrane showing that the
energy gap ratios for all distortion ratios and the reason is due to
the presence of surface defects to the tail of the absorption curve
[32].
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