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Article Info ABSTRACT

The aim of the research is the infrared imaging technique IR Imaging was used to detect

Received temperature changes andtheireffects onth_e skin.In this stud_y,ZnO nanoparticles_ (ZnONPs) were
11/03/2023 prepared by Green's synthesis method. This method is considered the safest, easiest, and cheapest
way to manufacture nanomaterials. The optical and structural properties of ZnO NPs have been

studied by various techniques such as UV visible, X-ray diffraction, Field emission scanning

Revised electron microscopy, and Transmission electron microscopy. ZnO NPs had a UV- visible
10/05/2023 absorption peak at around 300 nm. ZnO's average crystallite diameter was calculated to be 1541
nm using Scherrer'sequation, whichwas derived fromthe width at half maximum of the peak more
intense onthe 101 planesat36.28°. The Field emission scanningelectron microscopy data showed

Accepted that the synthesized ZnO NPs have a consistent shape and size throughout their range, these NPs
21/05/2023 are characterized by their diameter and were assembled into cylindrical clusters of varying
diameters, with an average size of 106. Different magnifications of the ZnO NPs examined by

Published Transmission electron microscopy showed that the majority of the particles were homogeneously
30/09/2023 scattered. Infrared thermal imaging technique (IRT) is used to clarify the change in temperature

with the effect of the substance on the skin. The material was placed on the skin in two ways and
putonthe rabbit's frontand back feet. When mixing the powder material of ZnO NPs with distilled
water, and mixing the powder material of ZnO NPs with commercial Vaseline, we notice in both
cases a temperature rise. The radiance was calculated for each image related to the change of
temperature in the band (3-5) um. The highest value in the range (3-5) um for image R2 with
radiation was (0.9209). The total spectral radioactive emission is proportional to the area under the
curves and shifts towards shorter wavelengths with increasing temperature.
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INTRODUCTION
Zinc oxide is a relatively bio-safe and
biocompatible material, making it highly suitable

for sensor and transducer applications.
Furthermore, nanostructured metal oxides have
been found to exhibit attractive nano

morphological, functional, biocompatible, non-
toxic, and catalytic properties [1-6]. ZnO
nanoparticles are in high demand because of their
many practical applications in a variety of
industries, including UV filters, catalysts, corrosion
inhibitors, and antibiotics. In recent years, they
have found their primary application in sunscreens
as UV-blocking additives. Zinc oxide nanopowders
can also be used for things like electrophotography,
photo printing, capacitors, protective coatings,
antimicrobials, conductive thin films in liquid
crystal display screens, solar cells, and blue laser
diodes [7]. Synthesis of ZnO NPs via Salvia
officinalis is a widely adopted technique because
many of them are available and can be used easily
and safely. The plant extracts contain many
bioactive compounds such as alkaloids, flavonoids,
terpenoids, tannins, polysaccharides, phenols, and
vitamins, as well as many enzymes, amino acids,
and proteins. Due to the presence of these bioactive
molecules in the plant extract, the synthesis of
bioactive ZnO NPs using Salvia officinalisis more
stable and easier [8].

Without the need for touching the object, infrared
thermography can map surface isotherms across
specific regions or the entire object [9]. Notably,
IRT is a passive (non-invasive, non-radiative)
approach, unlike other medical imaging options.
Many physical laws underpin the operation of
infrared cameras, allowing for the imaging of the
temperature distribution on a screen surface while
seeing a body at a temperature greater than absolute
zero from a particular distance. They include the
laws of Stefan-Boltzmann, Wien, Planck, and
Kirchhoff. See the theoretical works for a deeper
dive into these rules [10-12].

Surface temperatures of all living things are higher
than absolute zero (27315 °C), are formed of
randomly moving matter, and contain heat due to
kinetic energy. The electromagnetic radiation
emitted by these substances has two dimensions:
wavelength (A) and strength (Q). The surface
temperature of the emitting object determines both
the wavelength at which the radiation is strongest
and its overall strength. Hence, objects of the same
temperature radiate at various wavelengths.
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Humans have varying degrees of sensitivity to
different parts of the electromagnetic spectrum, but
typically we can see wavelengths between 400 and
760 nm [13][14].

The term "body infrared” refers to the limited
range of wavelengths between 8 and 12
micrometers that are frequently employed in
medical applications [15].

An infrared camera functions by converting the
energy of radiation emitted from a body into a
temperature reading.

Emissions from objects, reflections from the
environment, and atmospheric emissions all
contribute to the total amount of energy. A thermal
imaging camera's detector sequentially amplifies
and transmits an electronic video signal based on
the power of incident electromagnetic radiation
generated from the body. Each pixel in the thermal
image acquired by the infrared camera has a
corresponding digital value that is proportionate to
the amount of energy received, and this thermal
image is known as a thermogram. 30 fps temporal
resolution allows dynamic temperature changes to
be analyzed. To correctly calculate surface
temperatures based on emitted radiation, the
emissivity of the object must be known [16][17].
Concerning the spectral domain, human skin is a
blackbody radiator with an emissivity of 0.97-0.99
[18] and also functions perfectly as a room-
temperature infrared radiator.

Planck's Law states that the electromagnetic waves
emitted from a heated object are not a continuous
flow, but are composed of discrete units of energy,
or quanta and that their magnitude is related to a
fundamental physical constant (Planck'’s constant).

2mhe? 1

5 hc
A ekTA — 1

Ry(T) = 1)
Where, R= spectral radiant emittance, (W cm=2u=b
h =6.62 x 10734] - s, k = Boltzmann’s Constant
=1.381 x 10-23 J/Km

In this study, the infrared imaging technique IR
Imaging was used to detect temperature changes
and their effects on the skin.

MATERIALS AND METHODS

Materials

10 mL Salvia officinalis Extract (1.890)
Zn(NOs3).6H,0 (India) and (0.4 g) NaOH (India)
were used as starting materials for the green
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synthesis of Ag nanoparticles, Double distilled
water was used as the solvent in the experiment.

Preparation of Salvia Officinalis Extract

Salvia officinalis were rinsed with distilled water to
remove dust and impurities, finely chopped, and
dried for 10 days in the shade. The dried leaves
were ground into a fine powder using a domestic
grinder. 20g of Salvia officinalis powder was added
to 100 ml of deionized water and built at 100 °C for
20 min under magnetic stirring. The solution was
cooled down to room temperature, filtered then
centrifuged at 3500 rpm for 10 min. The extract
will be ready to use.

Synthesis of Zno Nanoparticles

0.4g NaOH was dissolved in 50 ml of distilled
water, placed in a beaker, and stirred over a stirrer
until dissolved. Zn(NO3).6H,0O 1.89 is also placed
in another beaker with 50 ml of distilled water and
placed over a stirrer until completely dissolved.
Then 10 ml of the plant extract was added to the
NaOH, stirred until uniform, and added drop by
drop to the mixture in the second beaker. The
material was centrifuged and washed several times
with water and ethanol. Finally, the material was
dried at 30 °C on a stirrer. A similar result was
obtained as in reference [19].

IR Imaging

After we prepared ZnO NPs, it was placed on the
skin of the rabbit (rabbit's feet) [all animal handling
procedures were conducted under the Care and Use
of Laboratory Animals Institute for Laboratory
Animal Research Division's ARRIVE (Animal
Research: Reporting of In Vivo Experiments)
guidelines] [(https:// grants. nih. gov/ grants/law/
guide- for- the- care- and-use-of-labor story-
animals. Pdf).

Where we removed the fur from the feet of the
rabbit, as shown in Figure 1, then the substance was
applied to the skin in two ways. The first method is
tomix 0.2 g of ZnO NPs with 2ml of distilled water,
and the second method is to mix 0.2g of ZnO NPs
with 0.1g of commercial Vaseline. Pictures were
taken. Then we repeated the same steps, but this
time the skin was irradiated with a heat source that
was 75 cm away from the skin, and pictures were
taken with the camera every two minutes.

EDX Analysis

Energy-dispersive X-ray analysis (EDX) can be
used to determine the elemental makeup of any
substance. EDX complements SEM in some ways.
When an electron beam with an energy of 10-
20keV meets the surface of a conducting sample,
X-rays are emitted from the material; the energy of
the produced X-rays is dependent on the
composition of the sample. Since the X-rays
produced by EDX are only produced at a depth of
roughly 2 microns, it cannot be classified as a
technique for surface science. An image of each
component in the sample can be obtained by
scanning the material with an electron beam [20].

Field Emission Scanning Electron Microscope
To learn more about the size and shape of
nanoparticles, promising methods for examining
surface  morphology include field emission
scanning electron microscopy (FESEM) and high-
resolution scanning electron microscopy. Instead of
a light beam, electrons are focused on the specimen
[20].

Structural Analysis

X-ray diffraction examination is used to ascertain
the degree of crystallinity in the material. It can be
put to use for other purposes besides just
identification. If the sample is a combination, the
XRD pattern can be used to calculate the relative
amounts of each element. Analysis of the data can
also reveal the -element's crystallinity, its
divergence from the ideal composition, and its
structural condition [21].

Transmission Electron Microscopy
The contrast of TEM images differs from that of
light microscopic images. When the electron beam
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interacts with the material, diffraction occurs rather
than absorption. The diffraction intensity changes
as a function of the plane's angle relative to the
electron beam. If you want the electron to be able
to pass through your sample, you'll need to make it
into a very thin foil. [22]

UV-Vis Spectroscopy Analysis

To study the optical characteristics of
nanomaterials, UV-visible spectrophotometry is
employed. Quantum confinement alters the optical
characteristics of semiconductor nanoparticles in
comparison to their bulk counterparts. The sample
is not involved in the path of the reference beam,
which travels from the light source to the detector.
By interacting with the sample beam, ultraviolet
light of varying wavelengths is continually shone
on the sample [23][24].

RESULTS AND DISCUSSION

EDX Analysis

This study was used to show the presence of (ZnO)
in the mixture in specific ratios. As shown in Figure
2, the analysis listed various patterns for ZnO NPs.
The EDX characterization data shown in the table
and Figure 2 indicates that the ZnO powder is
relatively pure (Zn content: 73.4%, O, content:
20.4%). Theoretically, the stoichiometric mass
percentages of Zn and O are expected to be 80.3
and 19.7 %, respectively [25]. The composition of
zinc is higher than that of synthesized ZnO nano-
powders.

Field Emission Scanning Electron Microscope

Figure 3 shows the surface morphology of a ZnO
compound with plant extractants; in Figure 3 (A,
B), ZnO is homogeneously distributed and
relatively homogeneous in morphology, These NPs
are assembled as nanorods. from the entire FESEM
image, the average size of nanoparticlesis 106 nm
is evident
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Figure 2: Representing the percentage of metals inset is the
atomic weight percentage of elements of the ZnO NPs.
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Figure 3: FE-SEM i'rﬁges 6FZnO,TA) with scale bar 200
nmwith size, (B) with scale bar200 nm.

Structural Analysis (XRD)

Synthesized ZnO NPs exhibited the X-ray
diffraction pattern depicted in Figure 4. The figure
displays distinct ZnO peaks, indicating that it is
essentially crystalline. The crystalline peaks
located at (20) peak angles of 31.83°, 34.47°,
36.30°, 47.58°, 56.62°, 62.87°, 67.94°, and 77.35°
are respectively (100), (002), (101), (102), (110),
(103), (112) to (202) correspond to reflections from
the crystal plane. Scherrer's equation was used to
calculate an average crystallite diameter of ZnO of
15.41 nm based on the width at half maximum of
the peak stronger on the 101 planes at 36.28°.
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Figure 4: XRD patterns of synthesized ZnO NPs.
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Transmission Electron Microscopy

The crystalline characteristics and particle size of
produced NPs can be analyzed by TEM. Images
taken at various magnifications (1 m, 250 nm, 150
nm, and 60 nm) and analyzed with a JEOL-2100
are presented in Figure 5. The TEM pictures
showed a spectrum of particle sizes, from 69 to
145nm.

(A)

Mag = 6,000 KX DayPetronic Company

Mag = 35970 KX Day Petreaik Company

UV-Vis Spectroscopy Analysis

As shown in Figure 6, the optical absorption
spectrum of ZnO nanoparticles was investigated in
the range of 300-700 nm at room temperature; the
absorption peak of ZnO is at 300 nm.

(D)

:::::

Mag = 60000 KX DayPetronic Company

Figure 5: TEM images of ZnO NPs with an inset of different magnifications, (A) with scale bar 1 um, (B) with scale bar 250

nm, (C) with scale bar 150 nm, (D) with scale bar 60 nm.
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Figure 6: UV—Vis spectra of synthesis the absorption
spectrum of ZnO NPs.
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IR Thermography Result

The photos were taken in the laboratories of the
Department of Renewable Energy of the Ministry
of Science and Technology (Baghdad), the IR
thermography was used using a thermal camera
(Camera Model: Til10 Fluke. Image Range: 20.6°C
to 140.1°C Lens description: 20mm, Accuracy: 5
°C or 5% (whichever is larger) Temperature
Sensitivity (NETD): 0.2 °C at 30 °C (200 mK)
Visual: We viewed infrared (IR) light from the
camera's lens as a temperature gauge, therefore
enabled both full-screen IR and picture-in-picture
modes. This technique, show the amount of
temperature change with the effect of the substance
on the skin. Each image was multiplied by a

Noncommercial4.0 International License.
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specific number to enlarge the scale of IR radiance, highest value inthe range of (3-5) um for image R2
and the final result was illustrated in Table 1. The  with radiation was (0.9209).

Table 1: The radiance foreach image in the band (3-5 um), with radiation and without radiation
Radiance (W-cm?2-u)
R1(°C) R2(°C) R3(°C) R4(°C) R5(°C) R1(°C) R2(°C) R3(°C) R4(°C) R5(°C)
44.6-47.3 43.8-46.6 43.1-448 412-423 55.8-59.2 34.7-37.6 43.9-485 40.8-47.4 50.0-51.5 55.8-59.2
0.0059 0.0183 0.0635 0.0299 0.0225 0.0007 0.0002 0.0000 0.0595 0.0225
0.0087 0.0277 0.0824 0.0360 0.0307 0.0014 0.0004 0.0000 0.0705 0.0307
0.0127 0.0417 0.1067 0.0432 0.0417 0.0027 0.0008 0.0001 0.0836 0.0417
0.0185 0.0625 0.1378 0.0519 0.0565 0.0051 0.0015 0.0004 0.0990 0.0565
0.0268 0.0931 0.1777 0.0622 0.0761 0.0098 0.0029 0.0011 0.1170 0.0761
0.0387 0.1380 0.2287 0.0745 0.1023 0.0186 0.0054 0.0029 0.1383 0.1023
0.0556 0.2036 0.2938 0.0892 0.1370 0.0349 0.0100 0.0074 0.1632 0.1370
0.0797 0.2990 0.3767 0.1066 0.1828 0.0648 0.0181 0.0187 0.1925 0.1828
0.1136 0.4370 0.4820 0.1274  0.2431 0.1192 0.0325 0.0461 0.2268 0.2431
0.1613 0.6358 0.6156  0.1521 0.3223 0.2171 0.0578 0.1106 0.2669 0.3223
0.2281 0.9209 0.7849  0.1813 0.4259 0.3919 0.1016 0.2591 0.3138 0.4259

After preparing the ZnO NPs, they were placedon  shown in Figure 7 (A, B, C) the second method is
the skin of a rabbit, where the rabbit's fur was to mix the powdered ZnO NPs with Vaseline, as
removed, the material was applied to the skin in shown in Figure 7 (D, E). Both methods show an
two ways: the first method is to mix the powdered increase in temperature.

ZnO NPs with water and apply it to the skin, as

-20.4

(o]

Figure 7: Original photos taken without radiation for rabbitskin, (T1, T2, T3) mix ZnO NPs with water, (T4, T5) mix ZnO
NPs with Vaseline.
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Figure 8 shows the same two methods of placing
substances, Figure 8 (A, B, C) combined with water
and Figure 8 (D, E) combined with Vaseline, and it
can be seen that the temperature also increases

(©)

significantly by placing the radioactive substance
after applying the substance to the skin with the two
methods.
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Vaseline.

In Tables 1, Planck’s equation (Eq. 1) was applied.
The radiation was calculated for each image based
on the temperature change in the 3-5 um bands,
taking into consideration the band in which the
camera was operating.

The total radiative emission, which is proportional
to the area under the curve, increases rapidly with
increasing temperature. The wavelength of the
maximum spectral radiation shifts toward shorter

wavelengths with increasing temperature. The
higher the temperature, the more spectral radiation
is emitted at all wavelengths. When data from line
profiles from different temperatures are compared,
as shown in Figure 9 (A, B), radial heat diffusion is
observed, causing energy to be transmitted to the
surrounding regions from the immersed NPs.

Noncommercial4.0 International License.
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Figure 9: data from line profiles from different temperatures.

CONCLUSION

ZnO NPs were prepared using Green's synthesis
method, which is considered the safest, easiest, and
most cost-effective approach for manufacturing
nanomaterials. The crystal size of the generated
ZnO NPs was calculated to be 15.41 nm.

IR thermography is a useful method for studying
the material's properties and its impact on the skin.
Since the substance resulted in an increase in skin
temperature, we recommend that it be blended with
other materialsifitisto be used as a moisturizer for
human skin, such as silver.
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