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This paper reports on the relationship between the crystalline structure and optical properties of Er:O3
films grown by spray pyrolysis. The films were deposited on Si(100) substrates heated to 400 °C via ther-
mal decomposition of an erbium nitrate precursor. Additional annealing was performed at 600 and 800 °C
in a nitrogen atmosphere. The structural and optical properties of the films were investigated in compari-
son with powder samples using X-ray diffraction (XRD), Raman spectroscopy, and Fourier transform infra-
red (FTIR) spectroscopy, complemented by an analysis of precursor decomposition. XRD results confirm
the formation of single-phase cubic Er:03 with a bixbyite structure. A pronounced preferred crystallo-
graphic orientation is observed in thin films, in contrast to randomly oriented powder samples. Annealing
significantly enhances diffraction peak intensity without noticeable changes in peak positions, indicating
improved crystallinity and texture development without phase transformation. Raman spectra reveal a
gradual evolution from a disordered structure in as-deposited films to well-defined vibrational modes asso-
ciated with Er—O bonds after annealing. FTIR analysis confirms the formation of Er—O bonds and the ab-
sence of nitrate-related features, indicating complete precursor decomposition. The results demonstrate
that thermal treatment plays a crucial role in transforming precursor-derived films into chemically pure
and structurally ordered Er:0s with pronounced preferred orientation governed by substrate effects and

growth conditions.
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1. INTRODUCTION

Rare-earth oxide thin films attract considerable atten-
tion due to their potential applications in nano- and elec-
tronic devices, including high-%& dielectrics, optical coat-
ings, and integrated photonic structures. Among them,
erbium oxide (Er203) is of particular interest owing to its
relatively high dielectric constant (& = 10-20) [1], wide
band gap (~5.5-6.5 eV) [2, 3], and optical activity of Er3+
ions associated with intra-4f electronic transitions [1, 5].
These properties make Er:03 a promising material for
dielectric and optoelectronic applications.

Various techniques have been developed for the dep-
osition of Er203 thin films, including vapor-phase meth-
ods such as metal-organic CVD [1, 5], aerosol assisted
CVD [6], atomic layer deposition (ALD) [3, 7]), as well
as solution-based approaches, including sol-gel [8, 9],
spin-coating [1] and spray-pyrolysis [11, 12]. Among
these, spray pyrolysis is considered as a simple and
cost-effective technique suitable for large-area deposi-
tion, where film formation occurs through thermal de-
composition of precursor droplets on a heated substrate.

In such processes, the properties of the precursor
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play a decisive role in determining the film formation
mechanism, phase composition, and defect structure. In
particular, suitable precursors must exhibit sufficient
solubility, chemical stability in solution, and controlled
thermal decomposition leading to oxide formation. Vari-
ous classes of erbium precursors have been reported,
including inorganic salts and metal-organic compounds,
which differ significantly in their solubility and decom-
position behavior.

Inorganic lanthanide nitrate precursors show high
solubility in polar solvents such as water and ethanol
[13, 14], making them well suited for spray-based tech-
niques. However, they undergo multistep thermal de-
composition involving the formation of intermediate
species. In contrast, metal-organic precursors
Er(TMHD)3 and Er(CpMe)s may exhibit more controlled
decomposition behavior [4, 7, 15], but their limited sol-
ubility and reduced stability complicate their use in
solution-based deposition. Unlike these organometallic
precursors, erbium nitrate, Er(NOs)s-xH20, represents a
a relatively stable and safer compound that can be easi-
ly processed in polar solvents.
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Based on these considerations, erbium nitrate was
selected in this work as a model precursor, and spray
pyrolysis was employed for thin film deposition. The
structural and optical properties of the resulting Er203
thin films were investigated using Raman spectroscopy,
X-ray diffraction (XRD), and Fourier transform infrared
(FTIR) spectroscopy. The results provide insight into
the relationship between crystalline structure, local
bonding, and electronic properties, which is essential for
the optimization of Er20s-based materials for nano- and
electronic applications.

2. EXPERIMENTAL DETAILS

Er20s3 thin films were deposited by a spray pyrolysis
technique using a home-built setup operating at atmos-
pheric pressure. Single-crystalline silicon substrates
with (100) orientation, 2 inches in diameter and a resis-
tivity of 15 Q-cm, were used for film growth. Prior to
deposition, the substrates were sequentially cleaned in
acetone and ethanol, rinsed in deionized water, and
dried in air.

The precursor solution was prepared using erbium
nitrate hydrate (Er(NO3)s-6H20, analytical grade, Alfa
Aesar) dissolved in the mixture of distilled water and
ethanol (1:1 by volume) under magnetic stirring at
room temperature. The precursor concentration was
adjusted to 0.05 M. The resulting solution was filtered
to remove possible insoluble particles and continuously
stirred during deposition. The solution was atomized
using compressed air and sprayed onto the heated
substrate through a nozzle positioned at a distance of
approximately 10-12 cm. The flow rate was maintained
at approximately 1-2 ml/min. Under these conditions,
the film growth rate was estimated to be about
8-10nm/min. The deposition time (number of spray
pulses) was adjusted to obtain films with a thickness of
approximately 180 nm.

The deposition was carried out in a pulsed spray re-
gime in order to allow sufficient time for solvent evapo-
ration and precursor decomposition between successive
spray cycles. This approach prevents excessive cooling
of the substrate and ensures uniform film formation.

The film formation mechanism is governed by the
thermal decomposition of erbium nitrate during droplet
evaporation and subsequent pyrolytic conversion on the
heated substrate. The thermal decomposition behavior
of Er(NOs3)3-6H20 was previously analyzed using a
stepwise heating approach. The main decomposition
stages are summarized in Appendix A. The results
reveal a multistage decomposition process involving
dehydration, formation of intermediate oxynitrate spe-
cies, and final conversion to Er203 similar to the results
reported in [16-18].

During film deposition, the substrates were placed
on a heated plate and maintained at temperatures in
the range of 400 °C. The spray process was carried out
in a pulsed regime, allowing sufficient time between
spray cycles for solvent evaporation and precursor
decomposition, thus preventing excessive cooling of the
substrate and ensuring uniform film growth.

After deposition, the samples were allowed to cool
naturally to room temperature under ambient condi-
tions. The coated substrates were then cut into square
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pieces with dimensions of approximately 1 x 1cm?2 for
further characterization.

Additional, post-deposition annealing was per-
formed at temperatures of 600 and 800 °C for 10 min in
a nitrogen atmosphere to get insight on the evolution of
structural and optical properties of the films.

Structural characterization was carried out using
Raman spectroscopy and X-ray diffraction (XRD) meth-
ods. Raman spectra were recorded with a 785 nm exci-
tation source (StellarNet Inc., USA) with a spectral
resolution of approximately 4 cm~-!. The laser power
was kept sufficiently low to avoid thermal or structural
modification of the samples. XRD measurements were
performed using a Philips X’Pert-MRD diffractometer
with Cu Ka radiation (1=0.15406 nm) in grazing-
incidence (w—26) geometry. Phase identification was
carried out using the Powder Diffraction File (PDF)
database (card No. 01-074-1983). FTIR transmission
spectra were measured using a Shimadzu IRTracer-100
spectrophotometer with a spectral resolution of 1 cm~—1
at room temperature.

3. RESULTS AND DISCUSSION
3.1 XRD Data

Figure 1 shows the XRD patterns of Er203 films, as-
deposited (curve 1) and those annealed at 600 °C (curve
2) and 800 °C (curve 3). For comparison, the XRD pat-
tern of a powder sample prepared from the same pre-
cursor is shown by curve 4. The diffraction pattern of
the powder sample exhibits peak positions and relative
intensities consistent with cubic Er203 (bixbyite struc-
ture), indicating the formation of a randomly oriented
polycrystalline material. The most intense reflection
corresponds to the (222) plane, which is characteristic
of Er203 powders.

The XRD pattern of as-deposited film (curve 1) re-
veals diffraction peaks located at approximately
260 = 29.4°, 34.3°, 44.5°, 49.1°, 52.6°, and 58.2°, which
can be attributed to the (222), (400), (431)/(332), (440),
(611) and (622) planes, respectively. These peaks match
well the reference pattern of cubic Er20s. The lattice
parameter, calculated from the XRD data, is approxi-
mately a = 10.55 A, which is in good agreement with
the standard value (a = 10.548 A). This indicates that
no significant lattice distortion is present. However, the
relative intensities of the diffraction peaks differ signif-
icantly from those of a randomly oriented powder sam-
ple (Fig.1). In particular, the reflections (400) and
(431)/(332) exhibit significantly higher intensity com-
pared to the (222) peak (curve 1). The intensity ratio
1(222)/1(400) decreases from approximately 3.0 in the
powder sample to about 0.44 in the film. This indicates
the presence of a preferred crystallographic orientation
(texture) in the film similar to the results reported in
[10, 19, 20] that is likely influenced by the Si(100) sub-
strate and the growth conditions during deposition.

A slight shift of the XRD peaks compared to powder
sample and standard reference positions may be at-
tributed to residual stresses in the film. Such stresses
can arise from lattice mismatch between the film and
the Si substrate, as well as from thermal expansion
differences during cooling after deposition.
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Fig. 1 — XRD patterns for the Er:0s films: as-deposited (400 °C)
(1) and annealed at 7'= 600 (2) and 800 °C (3). Curve 4 corre-
sponds to Er:0s commercial powder with cubic structure shown
for comparison

The XRD pattern of the annealed thin films shows a
significant redistribution of peak intensities while
preserving the same set of diffraction peaks. The reflec-
tions observed at 260 = 29.5°, 34.3°, 44.5°, 49.1°, 52.6°,
and 56-58° can be indexed to the (222), (400),
(431)/(332), (440), (611), and (622) planes of cubic
Er203, confirming the formation of a single-phase ox-
ide. However, the relative intensities differ markedly
from those of the powder and as-deposited sample. In
particular, the (222) reflection is strongly suppressed in
the annealed films, while the (400), (431), and (622)
reflections are significantly enhanced. The intensity
ratio 1(222)/I1(400) continue to decrease for annealed
films to about 0.35 in the film annealed at 800 °C,
clearly indicating the presence of preferred crystallo-
graphic orientation (texture).

Such behavior suggests that the crystallographic
growth of Er203 in thin-film form is not random but gov-
erned by substrate-induced effects and growth conditions
during spray pyrolysis and subsequent annealing. The
Si(100) substrate likely influences nucleation and growth,
leading to anisotropic development of crystallites and
preferred alignment of specific crystallographic planes.

In addition to intensity redistribution, a slight shift
of diffraction peaks relative to standard reference posi-
tions is observed. Most reflections are shifted toward
higher 26 values, indicating the presence of compres-
sive strain within the film. The estimated strain is on
the order of 10-2, which is typical for oxide thin films
deposited on silicon substrates [10, 19]. The variation
of peak shifts among different reflections suggests
anisotropic strain, associated with the textured struc-
ture and relaxation processes during annealing.

No additional peaks corresponding to secondary
phases or monoclinic Er203; were detected, indicating
that the films are predominantly single-phase cubic
Er20;. Minor weak features may be attributed to struc-
tural disorder or low-intensity contributions from less
favorable crystallographic orientations.
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Overall, the XRD analysis demonstrates that the
films consist of a textured cubic Er:0s phase with sig-
nificant preferential orientation and residual strain,
resulting from the combined effects of substrate inter-
action, deposition conditions, and post-deposition
thermal treatment.

3.2 Raman Scattering Spectra

Figure 2 shows Raman spectra of the same as-
deposited and annealed Er:203 films (curves 1-3), to-
gether with spectra of the powder reference sample
(curve 4) and the Si substrate (curve 5). The powder
sample exhibits a well-defined Raman bands in the
range of 100-700cm~-1 (~ 115 em -1 (Ag), ~ 227 cm~1,
~ 260 cm—! (Fg+ Eg), ~375 ecm—1 (Fy), ~ 483 cm—1 (Fy),
and ~ 590-600 cm ! (Fg)), which can be attributed to
lattice vibrations and Er-O stretching modes charac-
teristic of cubic Er203[21, 22].
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Fig. 2 — Raman scattering spectra for the Er:Os; films: as-
deposited (400 °C) (1) and annealed at 7' = 600 (2) and 800 °C
(8). Curve 4 corresponds to Er:0s commercial powder with cubic
structure shown for comparison, curve 5 demonstrate signal
from Si substrate to reveal its contribution in the spectra of the
films near 520.6 cm-1. Arrows near curved 1-3 show the signal
from Si substrate

Additional features observed at higher wavenumbers
(> 700 cm~') cannot be directly assigned to first-order
Raman modes of Er20s. These signals are likely associ-
ated with multiphonon processes and/or luminescence
contributions related to Er3* ions. The presence of high-
wavenumber features reflects the complex interplay
between vibrational and electronic processes in rare-
earth oxide system. A strong narrow band at approxi-
mately 520 cm~! originates from the Si substrate and
partially overlaps with the film signal, which must be
taken into account in the spectral analysis.

The as-deposited film shows significantly main Ra-
man bands at ~ 260 cm ~! (Fg+ Eg) and ~ 590-600 ¢cm —1
(Fg)) (Fig. 2, curve 2). These bands are broader, poorly
resolved, and less intense, indicating some structural
disordering in the Er—O network.
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After annealing at 600 °C, the Raman spectrum ex-
hibits a noticeable increase in peak intensity and par-
tial narrowing of the bands mentioned above, reflecting
the onset of improved short-range order. Further an-
nealing at 800 °C leads to well-defined and sharper
Raman peaks whose positions and relative intensities
approach those of the powder sample. The positions of
the main Raman bands in 100-600 cm ~! range remain
essentially unchanged after annealing, indicating that
the same crystalline phase is preserved. However, the
progressive increase in peak intensity and reduction in
bandwidth clearly demonstrate improved crystallinity
and structural ordering in the films.

For all films, the bands observed at higher wave-
numbers (> 700cm~!) are attributed to multiphonon
processes and possible luminescence contributions
associated with Er3* ions. The presence of these fea-
tures in both powder and film spectra confirms their
intrinsic origin related to Er203, whereas the evolution
of Raman spectra with annealing temperature reveals
the formation of well-ordered cubic Er20s structure and
supports XRD findings.

It should be pointed out that no Raman features corre-
sponding to nitrate groups [13, 23] were observed, indicat-
ing complete decomposition of the precursor and for-
mation of oxide phase. This statement is further con-
firmed by FTIR spectra recorded for the same samples.

3.3 FTIR Spectroscopy

Figure 3 shows FTIR transmission spectra of the as-
deposited Er203 films (curve1l) and films annealed at
600 °C (curve 2) and 800 °C (curve 3). The spectrum of the
silicon substrate is also presented for comparison
(curve 4). The as-deposited film exhibits a broad absorp-
tion band in the 250-600cm~' region, where several dis-
tinguishable peaks are observed at approximately 285,
332, 366, and 560 cm~!. These features are attributed to
Er-O vibrational modes, including lattice vibrations and
stretching modes. The presence of these resolved peaks
indicates the formation of an erbium—oxygen network
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Fig. 3 — FTIR transmission spectra for the Er:0s3 films: as-
deposited (400 °C) (1) and annealed at 7"= 600 (2) and 800 °C
(3). Curve 4 shows the FTIR spectrum from Si substrate
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already in the as-deposited film, suggesting the onset of
structural ordering. A distinct absorption band near
~1110cm~!is observed and can be attributed to the Si
substrate, as confirmed by the reference spectrum
(curve 4).

No absorption bands related to nitrate groups are
detected in the 1300-1500 cm ! region, indicating effec-
tive decomposition of the precursor (Fig. 3). In addition,
no noticeable absorption features are observed in the
3200-3700cm ~! range, suggesting the absence of hy-
droxyl groups or residual water in the films.

Upon annealing at 600°C and 800°C, the FTIR
spectra show a slight sharpening of the bands in the
250-600 cm ~! range, while their positions remain near-
ly unchanged. This behavior indicates that annealing
improves structural ordering and local bonding envi-
ronment without altering the phase composition.

For the film annealed at 800 °C, an additional feature
appears near ~610cm~! while the band near 1110 cm~!
increases in intensity (Fig. 3, curve 3). Both these bands
correspond to characteristic vibration in the Si substrate
(curve 4). This effect can be explained by an increase in
film transparency upon annealing, allowing greater con-
tribution of the substrate signal to the measured spec-
trum. Alternatively, this feature may also reflect im-
proved densification and reduction of scattering losses in
the film, which enhances transmission and reveals other-
wise weaker substrate-related modes.

Overall, the FTIR results confirm the complete de-
composition of Er nitrate upon film deposition and the
formation of Er—-O bonds’ network. Besides improved
structural ordering, optical transparency of the films
increases, while maintaining the same chemical com-
position.

4. DISCUSSION

The analysis of the results obtained from XRD, Ra-
man scattering, and FTIR studies provide a consistent
picture of the structural evolution of Er203 films during
deposition and subsequent annealing.

The decomposition behavior of the erbium nitrate
precursor suggests that film formation occurs under
non-equilibrium conditions during spray pyrolysis.
Although stepwise thermal analysis of Er nitrate de-
composition indicates a multistep decomposition path-
way involving intermediate nitrate and oxynitrate
species, such intermediates are not observed in the
films. This can be explained by rapid solvent evapora-
tion and fast thermal decomposition upon droplet im-
pact on the heated substrate, leading directly to the
formation of an Er—O network.

FTIR and Raman data confirm the absence of nitrate-
related features, indicating complete precursor decompo-
sition already at the deposition stage. This demonstrates
that spray pyrolysis provides sufficiently high local tem-
peratures to achieve effective oxide formation even at
relatively moderate substrate temperatures.

XRD and Raman results show that annealing does
not induce phase transformation, as the cubic Er203
structure is preserved. Instead, thermal treatment
enhances crystallinity, as evidenced by increased peak
intensity in XRD patterns and sharpening of Raman
bands. This indicates that structural ordering occurs
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primarily during post-deposition annealing through
grain growth and relaxation processes.

The strong preferred orientation observed in thin
films, which is absent in powder samples, suggests that
crystallite growth is governed by substrate-induced ef-
fects. The Si(100) substrate influences nucleation and
growth, leading to anisotropic development of crystallo-
graphic planes and formation of texture similar to the
results reported in [10]. The presence of residual strain
detected by XRD peak shifts further supports the role of
lattice mismatch and thermal stresses in determining film
structure.

The appearance of substrate-related features in
FTIR spectra after annealing is attributed to improved
film transparency and densification, which reduce
scattering and reveal weak substrate signals. At the
same time, no formation of Er silicate phases testifies
to the stability of the films in direct contact with Si
substrate upon annealing that opens the way for the
microelectronic application.

Thus, the results reported above show that the for-
mation of the Er203 films and their structural evolution
are controlled by the interplay between precursor de-
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mass loss is observed, corresponding to the removal of
physically adsorbed water and the onset of stepwise
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dehydration (Table 1). This behavior is consistent with
the results reported in Ref. [13] for rare-earth nitrates.

At the step II, T'= 170-240°C, a more pronounced
mass loss is observed, which is attributed to the com-
plete dehydration and the formation of anhydrous erbi-
um nitrate, Er(NOs3)s. This anhydrous phase is thermal-
ly unstable and exists only within a narrow tempera-
ture range before further decomposition [16,17].

Further heating up to 7'= 310-340° C (step III) leads
to Er nitrate decomposition through the formation of
oxynitrate species, generally described as Er—O-NOs
compounds. This stage is associated with the release of
nitrogen-containing gaseous products and reflects the
gradual transformation of the precursor.

At step IV, T = 350-450 °C, complete decomposition
of nitrate groups occurs, resulting in the formation of
erbium oxide occurs. Above this temperature (step V),
the mass stabilizes, indicating the formation of thermal-
ly stable Er20s.

Table A1l — Decomposition stages of Er(NOs)3-6H20 derived
from stepwise thermal analysis

Step | Tempera- | Mass loss | Process

ture (°C) (%)

I 50-120 ~4 Removal of adsorbed
water and initial dehy-
dration Er(NOs3)s 6H20
— Er(NOs3)3 xH20

11 170-240 ~ 20 Complete dehydration

and formation of un-
stable anhydrous ni-
trate Er(NOs)s H20 —
Er(NOs)s

II1 310-340 ~ 25 Formation of interme-
diate oxynitrate spe-
cies Er(NOs)s3 -

EI’Ox(NO S)y

v 350-450 ~ 30-57 Decomposition of ni-
trate groups and for-
mation of erbium oxide

ErO«(NOs)y —» Er203

A% > 450 ~ constan | Formation of thermally

t stable Er203 phase

The obtained results reveal a multistage mass loss
process typical for rare-earth nitrate precursors and
consistent with previously reported data for other lan-
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thanide nitrates [16, 17, 18]. This confirms that the
decomposition of erbium nitrate follows the general
behavior characteristic of lanthanide, including step-
wise dehydration, formation of intermediate oxynitrate
species, and final conversion to the oxide phase.

These data provide a general understanding of the
decomposition pathway, whereas the actual film for-
mation process is governed by dynamic conditions at the
heated substrate. While the decomposition of erbium
nitrate proceeds through multiple intermediate stages
under gradual heating, the conditions during spray
pyrolysis are characterized by rapid solvent evaporation
and non-equilibrium thermal processes. As a result,
decomposition may occur more rapidly and lead directly
to the formation of Er203 during film growth. It should
be noted that the substrate temperature used for spray
pyrolysis deposition (400 °C) differs from the tempera-
ture ranges obtained from stepwise thermal analysis
under near-equilibrium conditions.
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JocnimxeHus CTPYKTYPHHX Ta ONTUYHUX BJIACTUBOCTEN TOHKHUX MIiBOK Er203,
BHPOIIEHUX METOIOM CIIpeH-mipoJiidy 3 mitpary epoiro

0.B. Mockasteuro! ', A.B. Jlamua2 ", O.M. Crputpuyk? ', JI.B. llepbuna? "/, T.B. Topunncbka®

1 Hisicuncoruil oeporcasruil yuisepcumem imeni Muronu To2ons, 16600 Hisxcun, Yrpaina
2 Inemumym ¢pizuxu ranisnposionurie im. B.€. Jlawkapvosa, HAH Yrpainu, 03028 Kuis, Yikpaina
3 HauionanwvHuti nonimexuiunuil incmumym, BIIIOM, 07738 Mexixo, Mekcuka

VY it po6GoTi TOCITIIIKEHO B3a€MO3B 30K MIsK KPUCTAJIYHOI CTPYKTYPOIO Ta OITUYHUMHU BJIACTUBOCTSMU
wriBok Er:03, orpumanux 3 Hirpary epbioo MerooMm crpei-miposidy. [IpoanasizoBaso mpoliecy TepMI4HOTO
PO3KJIaAy HITpATy epOiio Ta BU3HAYEHO YMOBH ocakeHHs IiBoK. [lmsku Er:Os3 6yio HaHeceHO Ha MIacTH-
uu Si(100), marpitoi go 400 °C. JlomaTkosi Bigmasu mposoguucs mpu 600 °C Tta 800 °C B armocdepi asory.
CTpyKTypHI ¥ OOTHUYHI BJIACTUBOCTI ILIIBOK JOCIIKYBAJIM 34 IOMOMOrol0 MUQPAaKIlii PeHTreHIBChKUX IIPO-
MEHIB, CIIEKTPOCKOITI KOMOIHAIIIITHOTO PO3CITHHSA CBITJIA Ta 1H(PAYEPBOHOI CIIEKTPOCKOII] y MOPIBHIHHI 3
€TAJIOHHUMH TIOPOIIKaMu. Pe3yabraTu peHTTeHIBCHKOI MUPAaKIlii MiITBEPKYIOTh (DOPMYBAHHS ILITIBOK 3
KyOIYHOIO CTPYKTYPOIO OiKCOITY Ta TEKCTYpOI Ha BIIMIHY Bij IOPOIIKOBMX 3pa3KiB 13 BUIIAJKOBOIO OpieHTA-
mmiero 3epeH. JlomaTkoBuil BiIIA CIIPHsiE MIBAMIEHHIO aMILTITY U JuQPaKIIHHAX MKIB 03 MOMITHOI 3MiHI
IX II0JIOJKEHHS, 10 CBITYUTH IIPO MOKPAIIEHHS KPUCTAIIYHOCTI TA POSBUTOK TEKCTypH 0e3 dha30BHUX MepeTBo-
penb. CriekTpy KOMOIHAIIIITHOTO PO3CIHHS IIATBEPIKYOTH Il Pe3yIbTaTh. BOHM JeMOHCTPYIOTH IIOCTYIIOBY
€BOJIIOLIIO0 CTPYKTYPH Bl YACTKOBO PO3YIOPSIAKOBAHOI y ILJIIBKAX ITICJIS HAIMJIEHHS JI0 YiTKO BUPAKEHUX IIi-
CJISI TEpMIYHOI 00POOKY KOJIMBAIBHUX MOJ, OB A3aHUX 31 3B A3KaMu Er—O, Kl TAK0K PeecTPYIOTHCA Y CIIeK-
tpax IY mpomyckanus. BimcyTHiCTb ¢Myr IOrJIMHAHHS, 3yMOBJIEHHX HITPATHHUMHK T'PYIIAMH, CBIIUUTH IIPO
MOBHUM PO3KJIA IIPEKYyPCopy IIPH OcaIsKeHHl IUTiBoK. OTpuMaHi pe3yIbTaTH JeMOHCTPYIOTH, II0 BHOIp IIpe-
Kypcopy Ta croco0y HaHeceHHs IiBOK Er:0s pazoM 3 opieHTAIli€0 MIAKIAAKY TA IOCIIJOBHIMH TEPMIYHU-
MHu 00pOoOKaM¥ BiMIirpaioTh KJIOUYOBY POJIb Yy BUTOTOBJIEHHI XIMIYHO YHMCTHUX 1 CTPYKTYPHO BIIOPATKOBAHHMX
wiiBok Er:0s.

Knrouogi ciosa: Oxcuy ep6iro, Touxki mnisku, udpaxitis peHTreHiBcbKUX MpoMeHiB, [ndpayeprona crex-
Tpockomisa, KomGinariiine poacisHHs cBiTia.
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