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Abstract. The unique physical and chemical properties of silver nanoparticles (Ag NPs) of
different sizes and shapes made their synthesis expedient. The most important method of
NPs synthesis is the chemical process. However, the disadvantages of this method are the
need for specific conditions such as high temperatures, to ensure formation and stability of
NPs, as well as use of heavy aromatic solvents. Biosynthesis of NPs is considered
advantageous over the traditional chemical approach. In this paper, the first report of the
synthesis of silver oxide (AgO) NPs using Trigonella foenum-graecum leaf extract as a
reducing agent is presented. The NPs were characterized by X-ray diffraction (XRD),
thermogravimetric analysis/differential thermal analysis (TA/DTA), UV, photolumines-
cence, SEM, EDX and high resolution transmission electron microscopy (HRTEM). The
XRD confirmed the formation of high-purity AgO fine crystals. The average crystal size
ranged from 27 to 32 nm as was revealed by HRTEM. From the Tauc plot, the optical band
gap of the AgO crystals of 3.3 eV was determined. Thermal analysis provided the optimum
temperature for calcination of the AgO NPs to be 400 °C.
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1. Introduction

Today, nanotechnology has become an important
research area, which penetrates in all the fields of science
and technology, including chemical industry. The size,
orientation and physical properties of NPs can modify the
properties of any material. Various methods of NPs
synthesis are being investigated and implemented.
Among them, there is green synthesis of NPs, which is
easy, efficient and environmentally friendly as compared
to chemical synthesis that involves toxic solvents and use
of high pressures and temperatures [1]. Moreover,
products that have a connection with microorganisms
cannot be good due to test environments. Therefore,
green synthesis of NPs may be considered as the best
choice.

Metal oxide NPs, in particular AgO ones, are
interesting in view of their high technological potential.
Silver is a very valuable material and reacts with oxygen
to form various compounds such as Ag,0, AgO, Ags0,,

and AgQ,0z. Previously, silver NPs were synthesized
using Callistemon lanceolatus [2], Moringa oleifera [3],
and Millingtonia hortensis [4]. Although these methods
use bio extracts, they also require a lot of chemicals as
stabilizing or reducing agents [5]. Hence, in the present
work, we synthesized silver oxide NPs by using the
Trigonella foenum-graecum leaf extract [6], which acted
as a reducing agent. Fenugreek (Trigonella foenum-
graecum) is a medicinal plant found in nature. It belongs
to the legumes family growing in India and Pakistan. It is
known for its hypoglycemic, anti-helmintic, anti-
bacterial, anti-inflammatory, anti-pyretic and anti-
bacterial properties. This plant contains minerals, iron,
phosphate, para-aminobenzoic acid (PABA), A and D
vitamins, lecithin and choline, which help to dissolve
cholesterol and fat. It also contains health-promoting
neuroproteins, biotin and trimethylamine, which have a
positive effect on the nervous system. The main
ingredients are saponin, coumarin and fenugreekine,
which reduce metal ions [7].
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2. Experimental
2.1. Synthesis of silver oxide NPs

Silver nitrate is the most common precursor to silver
compounds [8]. Analytical grade AgNO; (silver nitrate,
>99.9%) was used as purchased without any further
purification. Fresh leaves of Trigonella foenum-graecum
(Fig. 1) were purchased in a local market in the
Tirunelveli district. To prepare the leaf extract, the leaves
were washed several times under running water to
remove bacteria and then rinsed with distilled water.
They were further blended with a mixer grinder and
filtered to use in the synthesis process.

0.1 M of a silver nitrate standard solution was
prepared using double distilled water. The leaf extract
was added to this solution until a precipitate formed.
Then the mixture was stirred for approximately four
hours. At this, the color of the solution changed from
transparent to dark brown (Fig. 2). The solution was
filtered with a Whatman filter paper. The precipitate was
washed twice with double distilled water and dried in an
oven at 100 °C for 24 hours to obtain dry powder with
AgO NPs.

Fig. 1. Trigonella foenum-graecum leaves.

2.1. Characterization techniques

The powder XRD spectra of the AgO NPs were
measured by an Analytical EXPERT-PRO diffractometer
using a CuK, monochromatic radiation source
(1.5406 A). The 20 value ranged from 0° to 80°. The
measurements took place at the Manonmaniam
Sundaranar University, Tirunelveli, Tamilnadu, India.
The NPs were characterized at room temperature using
Analytical Record. The UV-Vis spectra of the NPs were
measured in the range of 200 to 900 nm using a Jasco
UV650 UV-Vis spectrophotometer. The photolumines-
cence spectra were recorded on a spectrofluorometer.
The SEM analysis was performed using a JEOL,
JSM6390 scanning electron microscope, and the EDAX
analysis was carried out using an Oxford Instruments
INCApentaFETx3 energy dispersive X-ray spectrometer.
The photoluminescence spectra were analyzed using a
(G9800 AA Cary Eclipse fluorescence spectrophotometer
at the Standard Fireworks Rajaratham College for
Women, Sivakasi, TamilNadu, India. The TGA/DTA
analyses were performed using an STA-600 (Perkin
Elmer). The HRTEM images were recorded using a
JEOL JEM 2100 high resolution transmission electron
microscope.

3. Results and discussion
3.1. Structural analysis

The XRD spectra of the AgO NPs are shown in Fig. 3.
The observed peaks match the JCPDS card no. 84-1108
data [8], which indicates the tetragonal crystal structure
of the NPs. Presence of all the (hkl) peaks confirms that
the NPs are polycrystalline. The 26 peaks located at 26°,
32°, 39°, 46°, 55°, 57°, 67°, and 76° correspond to the
Miller indices (112), (202), (004), (132), (224), (402),
(206) and (136) of the AgO nanoparticles. No other

AgNO,+
T.foenum-
graecum leafl
extract

T. foenum-graecum
leaf extract

Colour Deposition
change after of
four hours Precipitate

-
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Fig. 2. Synthesis process using Trigonella foenum-graecum and the obtained AgO NPs.
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Fig. 3. X-ray diffraction pattern of AgO NPs.

distinct peaks related to impurities are observed
indicating the NPs high purity. The average crystallite
size D (in nm) is estimated using the Scherrer formula,
D =k MB cos (0) [9, 10], where A is the wavelength of the
incident X-ray radiation (1.5406 A), B is the half-width
of the diffraction maximum (in radians), 6 is the Bragg
diffraction angle, and k is the Scherrer constant,
respectively. The XRD results also confirm the tetragonal
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Fig. 4. Williamson—Hall plot.

crystal structure of the NPs. The hkl plane is well
indexed to the tetragonal phase with the lattice
parameters a = b =6.7902A and ¢ = 9.3659 A. The
average size of the NPs crystallites is around 32 nm. The
effects of X-ray broadening, crystallite size and lattice
stress on the peak width were investigated using the
Williamson—-Hall (W-H) analysis and mass-strain
diagram [11]. The (Ecos0) versus (4sinf) dependence
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Fig. 5. SEM micrographs at different magnifications (a) x10,000, (b) x20,000, (c) x30,000, and (d) x55,000.
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Fig. 6. EDX spectrum of AgO NPs.

was plotted to obtain the best expected values for the
tetragonal phase of the AgO NPs. The slope of the
inserted line and the y-intercept represent strain and
crystallite size, respectively. The crystallite size and the
value of micro-strain in the NPs were estimated to be
27 nm and 1.5218-107, respectively. Fig. 4 represents
the W-H plot for the synthesized NPs.

3.2. Morphological and elemental analysis

Scanning electron microscopy was used to study the
morphology of the NPs. EDX was used to confirm the
presence of metal traces. Fig.5 shows the surface
morphology of the silver oxide NPs at different
magnifications. It is evident from the SEM images that
the particles have a high density and swad together. The
boundaries of individual particles are difficult to identify
because of the clustering effect.

Fig. 6 shows the EDX spectrum of the biosyn-
thesized AgO NPs. The high-intensity peak at 3 keV
corresponding to silver and the peaks at 0.3 and 2.6 keV
corresponding to oxygen and chlorine, respectively, are
clearly visible. Metallic silver NPs show an optical peak
of about 3 keV due to surface plasmon resonance [12].
Similar results in the 2-4 keV range were also reported
for silver NPs produced using Artemisia nilagirica leaves
and Artocarpus heterophyllus seed extracts [13].

3.3. Optical analysis
3.3.1. UV and visible-range spectroscopy

Reduction of Ag® ions to AgO from the removed leaves
was monitored by recording the changes over time using
a UV-Vis spectrophotometer as shown in Fig. 7. The
plasmonic field resonance band is visible at 300 nm. The
maximum absorbance corresponds to the band edge
absorption. Beyond this band, the absorbance decreases
due to the relatively lower number of absorption states.
The transparency of metal nanoparticles is usually
determined by SPR, which red- or blue-shifts depending

on the size, shape, aggregate state of NPs and
surrounding dielectric medium [14]. The optical band
gap (OBG) of the metal nanoparticles is given by the
Tauc equation, ohv =A(hv—Egn, where o is the
absorption coefficient, A is a constant and hv is the force,
respectively. Layers in the event correspond to the n
directory implicit change permission. It can be seen from
the inset in Fig. 7 that OBG is equal to 3.3 eV.

3.3.2. Photoluminescence analysis

PL of the biosynthesized AgO NPs was studied to
understand their fluorescence properties. The PL spectra
were measured at the excitation wavelengths in the range
of 200 to 900 nm as shown in Fig. 8. The high-intensity
peak around 380 nm (3.3 eV) corresponds to the silver
NPs. It has a good agreement with the peak obtained in
the UV analysis. The lower-intensity peaks at 520 and
790 nm are due to oxygen vacancies and surface defects,
respectively. It can be seen from the HRTEM image that
the sample contains particles of multiple sizes which give
rise to the PL peaks. It should be noticed as well that the
PL peak observed in the present work has pretty good
agreement with the previously published results [15-18].
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Fig. 7. UV absorbance spectrum and Tauc plot of AgO NPs.
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Fig. 8. Photoluminescence spectrum of AgO NPs.
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Table. Percentage of weight loss at different temperatures.

Temperature Percentage of weight loss
80170 °C 2.271%
170-400 °C 29.72%
400 - 700 °C 17.98%

3.4. Thermal analysis

Thermogravimetric and differential thermal analysis
enable determination of the calcination temperature
of the synthesized NPs. The TGA/DTA curves for the
synthesized AgO NPs are shown in Fig. 9. The TGA
analysis was carried out in the temperature range of
80°C to 900°C to determine the decomposition
temperature and rate [19]. The thermal weight decreases
as the temperature increases (Fig. 10). Table represents
the percentage of weight loss at different temperatures
determined from the thermogravimetric analysis.

The initial weight loss of 2.27% is due to the
desorption of water molecules present in the sample.
Second weight loss of 29.72% is attributed to impurities
or adsorbents. Finally, the weight loss of 17.98% is
caused by thermal dehydration/decomposition during
formation of crystalline AgO NPs. This process is
accompanied by respective DTA transitions. Since no
exothermic or endothermic reactions seem to take place
above 400 °C, this temperature is considered to be the
optimum one for calcination.

Weight %
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Fig. 9. TGA/DTA graph of AgO NPs.
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Fig. 10. Percentage of weight loss versus temperature.

3.5. HRTEM analysis

The morphology and the structure of the synthesized NPs
were studied using HRTEM. Figs 1la to 11d represent
the HRTEM images of the AgO NPs at different
magnifications. It can be seen from these figures that the
particles are spherical and agglomerated forming a
porous structure. The NPs agglomerate to reduce the high
surface energy caused by the high surface to volume
ratios [20]. It can be seen from the images that the
particles have different sizes ranged from about 20 to
35nm, The selected area electron diffraction (SAED)
pattern of a AgO NP is shown in Figs 12a to 12d, which
agrees well with the value of about 29 nm determined by

Fig. 11. HRTEM images of AgO NPs.

Fig. 12. SAED patterns of AgO NPs.
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powder XRD. The lattice planes of the NPs are shown in
Figs 12c and 12d. It can be seen from these figures that
atoms are arranged in three-dimensional lattices.

4. Conclusions

An environment-friendly method was employed to
synthesize silver oxide NPs. Ag NPs prepared in this
process were quite stable and remain intact if it protected
under light proof conditions. The synthesized NPs were
about 29 nm in size as determined by the XRD and
confirmed by HRTEM, and had tetragonal crystal
structure. The NPs band gap of 3.3 eV was determined
by the UV and PL analysis. The SEM investigations
revealed the high density of the AgO NPs. A high-
intensity peak at about 3 keV in the EDX spectrum is due
to the presence of metallic silver in the synthesized NPs.

Acknowledgement

I, M.Irfana Amrin (Register number: 19211192132015),
Research Scholar, Department of physics, Sadakathullah
Appa College, Tirunelveli, grateful to the management of
my college for the encouragement and support given to
us to carry out the research work. Research supports
given by Manonmaniam Sundaranar University at
Tirunelveli, Tamilnadu is gratefully acknowledged.

References

1. Santhosh P.B., Genova J., Chamati H. Green
synthesis of gold nanoparticles: An eco-friendly
approach. Chemistry. 2022. 4. P. 345-369.
https://doi.org/10.3390/chemistry4020026.

2. Rotimi L., Mike 0.0., Omobola O.0., Anthony I.0O.
Silver nanoparticles mediated by Callistemon citrinus
extracts and their antimalaria, antitrypanosoma and
antibacterial efficacy. J. Mol. Lig. 2019. 273. P. 615
625. https://doi.org/10.1016/j.mollig.2018.10.020.

3. Mohammed G.M., Hawar S.N. Green biosynthesis

of silver nanoparticles from Moringa oleifera leaves

and its antimicrobial and cytotoxicity activities.

Int. J. Biomater. 2022. 2022. P. 4136641.

https://doi.org/10.1155/2022/4136641.

Gnanajobitha G., Vanaja M., Paulkumar K. et al.

Green synthesis of silver nanoparticles using

Millingtonia hortensis and evaluation of their

antimicrobial efficacy. Int. J. Nanomater. Biostruct.

2013. 3. No 1. P. 21-25.

5. Shakeel A., Mudasir A., Babu Lal S., Saiga I. A
review on plants extract mediated synthesis of silver
nanoparticles for antimicrobial applications: A
green expertise. J. Adv. Res. 2016. 7. No 1. P. 17—
28. https://doi.org/10.1016/j.jare.2015.02.007.

6. Aromal S.A., Daizy P. Green synthesis of gold
nanoparticles using Trigonella foenum-graecum and
its size-dependent catalytic activity. Spectrochim.
Act. Part A. 2012. 97. P. 1-5.
https://doi.org/10.1016/j.saa.2012.05.083.

7. Visuvanathan T., Than L.T.L., Stanslas J. et al. Revi-
siting Trigonella foenum-graecum L.: Pharmacology
and therapeutic potentialities. Plants. 2022. 11, No
11. P. 1450. https://doi.org/10.3390/plants11111450.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Gauri B., Vidya K. Gadale-Dagade S.R.,
Waghmode S. Synthesis and characterization of
Ag/AgO nanoparticles as alcohol sensor. Res. J.
Chem. Environ. 2016. 20. No 10. P. 1-5.

Pratheepa M.l., Lawrence M. Conversion of
Lagenaria siceraria peel to reduced graphene oxide
doped with zinc oxide nanoparticles for super-
capacitor applications, SPQEO. 2021. 24. P. 115-
123. https://doi.org/10.15407/spge024.02.115.
Vorona I.P., Ishchenko S.S., Okulov S.M., Nosenko
V.V. Some features of Mn** EPR spectra in cubic
nano-ZnS. SPQEO. 2020. 23. No 1. P. 60-65.
https://doi.org/10.15407/spge023.01.60.

Yaremiy 1.P., Bushkova V.S., Bushkov N.I.,
Yaremiy S.I. X-ray analysis of NiCrFe, Oy
nanoparticles using Debye-Scherrer, Williamson-
Hall and size-strain plot methods. J. Nano-
Electron. Phys. 2019. 11, No 4. P. 04020.
https://doi.org/10.21272/jnep.11(4).04020.

Jagtap U.B., Bapat V.A. Green synthesis of silver
nanoparticles using Artocarpus heterophyllus Lam.
seed extract and its antibacterial activity. Ind. Crops
Prod. 2013. 46. P. 132-137.
https://doi.org/10.1016/j.indcrop.2013.01.019.
Vijaykumar M., Priya K., Nancy F.T. et al. Biosyn-
thesis, characterisation and anti-bacterial effect of
plant-mediated silver nanoparticles using Artemisia
nilagirica. Ind. Crops Prod. 2013. 41. P. 235-240.
https://doi.org/10.1016/j.indcrop.2012.04.017.
Tharayil N.J.,, Raveendran R., Vaidyan A.V.
Chithra P.G. Optical, electrical and structural
studies of nickel-cobalt oxide nanoparticles. Indian
J. Eng. Mater. Sci. 2008. 15. P. 489-496.

Vasireddy R., Paul R., Mitra A.K. Green synthesis
of silver nanoparticles and the study of optical
properties. Nanomater. Nanotechnol. 2012. 2.
https://doi.org/10.5772/52329.

Desarkar H.S., Kumbhakar P., Mitra A.K. Synthesis
of silver hollow nanoparticles and observation of
photoluminescence emission properties. J. Lumin.
2013.134. P. 1-7.
https://doi.org/10.1016/j.jlumin.2012.10.007.
Al-Ghamdi H.S., Mahmoud W.E. Synthesis of self-
assembly plasmonic silver nanoparticles with tunable
luminescence color. J. Lumin. 2014. 145. P. 880—
883. https://doi.org/10.1016/j.jlumin.2013.09.018.
Wang Y.H., Shen J.-H., Li N.-J. et al. Photolumi-
nescence of silver nanoparticles. Spectrosc. Spect.
Anal. 2012. 32, No 11. P.2935-2938. https://
doi.org/10.3964/j.issn.1000-0593(2012)11-2935-04.
Kayani Z.N., Butt M.Z., Riaz S., Naseem S.
Synthesis of NiO nanoparticles by sol-gel
technique. Mater. Sci. Pol. 2018. 36. P. 547-552.
https://doi.org/10.2478/Msp-2018-0088.
Ponnusamy P.M., Agilan S., Muthukumarasamy N.
etal. Studies on cobalt doped NiO nanoparticles
prepared by simple chemical method. J. Mater. Sci.:
Mater. Electron. 2016. 27. P. 399-406.
http://dx.doi.org/10.1007/s10854-015-3767-8.

Amrin M.1., Roshan M.M., SaiGowri R., \ella Durai S.C. Green synthesis of silver oxide nanoparticles ...

167


https://doi.org/10.3390/chemistry4020026
https://doi.org/10.1016/j.molliq.2018.10.020
https://doi.org/10.1155/2022/4136641
https://www.researchgate.net/profile/Mahendran-Vanaja?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Kanniah-Paulkumar-2007024343?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1016/j.jare.2015.02.007
https://doi.org/10.1016/j.saa.2012.05.083
https://doi.org/10.3390/plants11111450
https://doi.org/10.15407/spqeo24.02.115
https://doi.org/10.15407/spqeo23.01.60
https://doi.org/10.21272/jnep.11(4).04020
https://doi.org/10.1016/j.indcrop.2013.01.019
https://doi.org/10.1016/j.indcrop.2012.04.017
https://nopr.niscpr.res.in/browse?type=author&value=Raveendran%2C+R
https://nopr.niscpr.res.in/browse?type=author&value=Vaidyan%2C+Alexander+Varghese
https://nopr.niscpr.res.in/browse?type=author&value=Chithra%2C+P+G
https://doi.org/10.5772/52329
https://doi.org/10.1016/j.jlumin.2012.10.007
https://doi.org/10.1016/j.jlumin.2013.09.018
https://doi.org/10.2478/Msp-2018-0088
http://dx.doi.org/10.1007/s10854-015-3767-8

SPQEO, 2024. V. 27, No 2. P. 162-168.

Authors and CV M. Mohamed Roshan, born in 1972,
undertook a Doctoral program in Phy-
sics at the Manonmaniam Sundaranar
University, Tirunelveli, Tamilnadu,
India. He received his PhD degree in

August 2018. Currently, he is an

M. Irfana Amrin, born in 1994,
defended her MPhil thesis in Physics
(green synthesis and characterization
of silver and silver oxide

nanoparticles) in 2018 at the Assistant Professor and Head of the
Sadakathullah Appa  College, Department of Physics at the Sadaka-
Tirunelveli, Tamilnadu, India. She thullah Appa College, Tirunelveli, Tamilnadu, India. He
is pursuing PhD in Physics at is associated with this institution since September 2007.
the Sadakathullah Appa College Dr. M. Mohamed Roshan authored 16 publications in
(Affiliated to the Manonmaniam  Sundaranar international peer-reviewed journals. His academic
University), Tirunelveli, Tamilnadu, India. She authored interests are broad and encompass crystal physics,
4 publications. Her scientific interests include material science, and ultrasonics.
nanoparticles and crystal growth. E-mail: mohamedroshan@sadakath.ac.in,
http://orcid.org/0000-0002-0543-3855 http://orcid.org/0000-0001-8350-6215

S.C. Vella Durai, born in 1983, de-
fended his PhD thesis in Physics (poly-
mer based metal oxide nanocompo-
sites) in 2019 at the Manonmaniam
Sundaranar University, Tirunelveli,
Tamilnadu, India. He is an Assistant
. University, Tirunelveli, Tamilnadu, Professor at the PG and Research De-
J India. She is pursuing PhD in Physics partment of Physics, Sri Paramakalyani

at the Sadakathullah Appa College College, Alwarkurichi, Tamilnadu, India. Dr. S.C. Vella

| R. SaiGowri, born in 1992, defended
her MPhil thesis in Renewable
Energy Science (investigation of
osmotic pressure gradient) in 2017
| at the Manonmaniam Sundaranar

(Afflllated to the Manonmaniam Sundaranar University) Durai authored over 30 publications, 4 patents, and 1 text-
Tirunelveli, Tamilnadu, India. Her scientific interests book. His scientific interests include nanoparticls and
include nanoparticles and crystal growth. nanocomposites. E-mail: duraipree@gmail.com,

E-mail: gowrisail992@gmail.com http://orcid.org/0000-0002-9897-3403

Authors’ contributions

Amrin M.1.: conceptualization, material preparation, investigation, data curation, writing — original draft.
Roshan M.M.: project administration and supervision, writing — review & editing.

SaiGowri R.: writing — review & editing.

Vella Durai S.C.: formal analysis, visualization, conceptualization, methodology, writing — review & editing.

3eJieHMil CHHTE3 HAHOYACTHHOK OKCH/Y cpifiia 3 BAKOPUCTAaHHAM eKcTpakTy JucTs Trigonella foenum-graecum
Ta iX XapaKTepu3auis

M.1. Amrin, M.M. Roshan, R. SaiGowri, S.C. \ella Durai

AHoTanis. YHikanpHI (Pi3uUK0-XIMIYHI BIACTHBOCTI HAHOYACTHHOK cpibiia (Ag HY) pisaux po3mipiB Ta ¢popm 3po0uiu
JOUUTbHMM iX cuHTe3. HaiiBaxxnmupimmm metomom cuutesy HY e ximiunmit mpouec. Hemosnikamu 1poro meromy €
cneuudiyHi BUMOTH J0 YMOB CHHTE3Y, Taki sSIK BHCOKI TeMIepaTypH, Ui 3a0e3le4eHHs] MOXKJIMBOCTI YTBOPEHHS Ta
crabinmpHOCTI HY, a Tako BHKOPHUCTaHHS BHCOKOAPOMATHYHHMX PO3YMHHUKIB. BBaxkatoTh, mo OiocmHTe3 HY Mae
nepeBary Inepei TPaguLifHUM XIMIYHEM MiaxonoM. Y mili poOoTi Brepiie nopizomisieTsest npo cuate3 HU okcnmy
cpibma (AgO) 3 BuKkopucTaHHAM ekcTpakty Jmcts Trigonella foenum-graecum sk BimHoBHMKa. HY Gymm
OXapaKkTepHU30BaHI 3 BHKOPHCTaHHSIM JUQpaKmii pPEHTTeHIBCBKMX IPOMEHIB, TEpMOTPaBIMETPUYHOrO aHamizy/
nmudepeHiianpHOro TepMiuHoro ananizy, YO, doronrominectenuii, SEM ta EDX anaiizy, a Tako) BHCKOPO3IUIbHOT
MIPOCBIYYIOUOT EIEKTPOHHOT MIKPOCKOTTi. 3 BUKOPHCTAaHHIM TU(PPaKIlii PeHTTeHIBCHKUX MTPOMEHIB OYIIO MiATBEPIKEHO
yTBOpeHHs ApiOHuX KpuctaiaiB AgO Bucokoi unctoTu. CepeaHi po3Mipyu KpUCTATIB CTAHOBHIM Bix 27 1o 32 HM, 10
Oy/lo BHABICHO BHCOKOPO3ALUIHPHOIO IPOCBIUYIOUOIO EJIEKTPOHHOK0 MiKpockomiero. OnTuuHa 3a00poHEHA 30HA
kpucraniB AgO, BusHaueHa 3 rpadika Tayka, nopiBHioBasa 3,3 eB. Tepmiunuii aHaii3 mokasas, IO ONTHMallbHA
Temnepatypa ais npoxaproBanas AgO HY cranosmna 400 °C.

KaiouoBi ciioBa: 6iocuHTe3, 3a00pOHEHA 30Ha, KPUCTAIIT, CTPYKTYPHI, ONTHYHI BIACTUBOCTI.
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