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THE VIBRATIONAL BAND

ENHANCEMENTS FOR ACTIVE AND “SILENT”
VIBRATIONS IN THE RAMAN AND IR SPECTRA
OF FULLERENE Cgy NANOFILMS

A comparison of the intensities of the vibrational bands (VB) in Raman and IR spectra for
nanofilms of Ceo 150-250 nm in thickness and for microfilms 1-2 pum in thickness has been
done. In the Raman spectra of nanofilms, the enhancement of the active bands Hg(1-+ 8) by
2+7 times in comparison with a slight weakening of the Ag(1,2) band for microfilms has been
observed. It is shown that the Raman and IR vibrations Gg,u, Hu, F1 29, and Fau, which are
inactive for icosahedral symmetry I, and the lateral spectral components of the bands Hg(1 = 8)
increase by 5-50 times and more. The observed phenomena is associated with the significant
changes in the electro-physical properties of nanostructured media due to a weakening of the
symmetry and an increase in the anharmonicity and the nonlinear interaction of vibrational
modes. During the polymerization of a nanofilm by diamine (N2Hy), the observed enhancement
of VB decreases due to a decrease in the vibrational nonlinearity. The differences between the
experimental intensities of VB and the results of quantum-chemical calculations are discussed.
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1. Introduction

The manifestations of a vibrational anharmonicity in
large molecules such as biological macromolecules, a
Cgo fullerene molecule, and nanoparticles differ signif-
icantly from those in simple molecules. This is due to
a large number of vibrational modes and an easy im-
plementation of different vibrational resonances [1, 2].
The latter leads to a strengthening of the vibration-
electron coupling [3], resulting in a completely new
manifestation of the anharmonicity due to changes
in the electronic states. Furthermore, these phe-
nomena in the nanostructures are complicated due
to the formation of phonon dispersion branches [4].
Naturally, together with the anharmonicity, the non-
linear susceptibility of nanostructured media in the
vibrational field undergoes changes. At the nonlin-
ear resonant interaction of thermally excited low-
frequency vibrational modes, the higher vibrational
states (overtones and sum tones) are generated, and
these states approach the electronic states (ES) and
effectively interact with them [3]. In this case,
the change of ES consistent with vibrational excita-
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tions promotes an anomalous increase in the vibra-
tional nonlinearity, which leads to the phenomenon
of strong vibration-electron interaction (VEI) [1-3].
It should be noted that the efficiency of nonlinear
wave processes significantly increases in the presence
of many vibrational resonances, as well as signifi-
cant spatial accumulation wave processes, which dis-
tinguishes them from local non-linearities. In par-
ticular, in fullerene Cgg, a number of serial vibra-
tional resonances of the Hg(1) + Hg(2) = Hg(3),
Hg(1) + Ag(1) = Hg(4), 2Hg(3) = Hg(7), Hg(3) +
+ Hg(4) = Ag(2), 2Hg(4) =~ Hg(8), etc. [1, 2] has
been realized, which improves the efficiency of a non-
equilibrium excitation of vibrational states and the
higher influence of VEIL. However, the role of the non-
linear interaction between vibrational modes (NIVM)
in nanostructures, particularly, in the typical carbon
materials (fullerenes, nanotubes, graphene, etc.) still
remains poorly understood. We point out that the
general patterns of the spatial dynamics of nonlinear
resonant wave interactions were previously studied in
many works [5-8] in detail. This will allow us to es-
tablish the effect of the elevated vibrational anhar-
monicity of atoms in nanostructures and a possible
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Fig. 1. Extraction of the wide electronic bands (EB) in the
Raman spectra of Cgp nanofilms with thicknesses of about 200
nm under hot (1) and cold (2) deposition processes (a) and mi-
crofilms with a thickness of 2 microns (b). The inset shows the
Raman bands of breathing vibration Ag(1) and Si of crystalline
silicon substrates for a Cgp nanofilm

change of the electronic states as a result of the am-
plification of the nonlinear interaction of vibrational
modes and the vibrational-electronic interaction.

2. Experimental Procedure
and Numerical Processing of Spectral Data

Ceo films were deposited on substrates of crystalline
silicon by hot or cold deposition. The Raman spectra
were studied using automated spectrometers DFS-24
with a cooled photomultiplier and a photon count-
ing system. Raman spectra were excited by an Ar™
laser with the wavelengths Ay, = 514.5 and 488 nm.
To reduce the influence of the photopolymerization
of Cgo, the cylindrical focusing of the laser radiation
(spot size of 0.3 x 2.5 mm?) was used; laser inten-
sity was 2 W/cm?. At the sharp focusing of laser
excitation A ~ 1 mW up to a diameter of 2 microns,
the exciting radiation intensity exceeds 10 kW /cm?,
which allows us to study the impact of light radia-
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tion on the Raman spectra and the VEIL. IR spectra
of Cgp have been studied by a Fourier spectrometer
Nicolet NEXUS-470. In Raman and IR spectra of
the nanostructures, there is a broadband background,
as a rule. It is seen in Fig. 1 a, b, which gives the
overview of the Raman spectra of Cgp nanofilms. Pre-
viously, we have established the electronic nature of
the broadband background in RS [1-3]. For RS of
Cgo nanofilms, the intensity of the broadband back-
ground decreases with an increase of the frequency,
as shown in Fig. 1, a. It is characteristic that, under
the hot method of NF deposition, the background in
a high frequency region is almost two orders lower
by magnitude (see spectrum in Fig. 1, ¢ than at the
cold deposition method (upper spectrum 2). For the
studied microfilm with a thickness about 2 microns,
the wide electronic band is well approximated by a
Gaussian I = Iy + Aexp[—(v — 1)°/2(0v)?] with a
maximum in the region of the most intense Raman
Ag(2) and Hg(7,8). The half-width of the considered
electronic band (EB) év = 1650 cm ! is comparable
with the frequency vy = 1870 cm ™!, which character-
izes the observed broadband EB, being much wider
than the vibrational bands. Note that, after the poly-
merization of Cgg nanofilms by hydrazine NoHy, the
intensity of the broad EB increases with the frequency
0S8, as in the case of microfilms.

For Cgg nanofilms, the line vg; = 520 cm™! of the
crystalline silicon substrate is observed together with
the line of radial breathing mode Ag(1) at 497 cm™*.
This is shown in the inset in Fig. 1, a in detail. The
line vg; can be used to classify the Cgp nanofilms by
thickness (d). As d decreases, the intensity of vg; de-
creases as well. For a microfilm of Cgo about 1.2-2 mi-
crons in thickness, this line disappears (Fig. 1, b). In
order to increase the signal/noise ratio, the numeri-
cal analysis of the spectra was carried out with opti-
mal numerical smoothing. In the numerical decom-
position of vibrational and electronic bands on the
individual spectral components, the method of least
squares with variations of the frequency positions of
the components, their intensities, shapes, and half-
widths has been used.

3. Results and Discussion
3.1. Enhancement of active vibrational
bands in the Raman spectra of Cgo nanofilms

For the correct comparison of the intensities of var-
ious vibrational bands of Cgg films, the normaliza-
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tion of indicated lines Iy = I/Ihax on the intensi-
ties of the strongest Raman and IR lines of Ag(2)
(1469 cm™!) and Fyu(1) (527 cm™!) has been con-
ducted. The comparizion of some Raman and IR
bands for nano- and microfilms of Cgg are shown in
Fig. 2, a, b. It is obvious that, in Cgp nanofilms, the
low-frequency bands Hg(1,2) and middle-frequency
Hg(3,4) and high-frequency Hg(7,8) bands are much
more intense than those in microfilms. It is worth
noting a weakening of the Hg(3) band intensity, an
increase of the Hg(4) band intensity under the poly-
merization of nanofilms 1 and 2 by diamine NoHy (see
Fig. 2, b), and the observation of a series of RS in-
active vibrations, for example Gu(2), Gg(1,3). More-
over, the inactive vibrations have appreciable inten-
sities, which became significantly weaker at the poly-
merization of nanofilms and are virtually absent in
microfilms.

The main part of the obtained results on the vi-
brational band enhancement in Raman spectra of
nanofilms of fullerene Cgp is summarized in Fig. 3.
There are the ratios of maxima of active Hg(1-8) vi-
brations in different nanofilms and a microfilm with
d = 2 pm under study. According to the numbering of
the spectra adopted in Figs. 1 and 2, the relation 1/3
in Fig. 3 belongs to a hot-deposited nanofilm, 2/3 be-
longs to cold-deposited films, and the relations 1p/3
and 2p/3 belong to polymerized nanofilms. It is evi-
dent that a significant enhancement of the vibrational
bands is achieved for the vibrations Hg(1,2), Hg(3,4),
and Hg(7,8). According to Fig. 3 the intensities of the
Raman-active Hg(j), where j = 1+ 8, in nanofilms of
fullerene Cgp are enhanced by 2—-7 times as compared
with the microfilm, with a small increase of the inten-
sity of the whole symmetric vibration Ag(1) (see also
Fig. 2, b). For the nanofilms polymerized by diamine
NyHy, the enhancement of the bands stay weaker due
to a weakening of the vibrational nonlinearity.

3.2. Abnormal enhancement

of the bands of “silent” vibrations in IR
and Raman spectra of the nanofilms

of fullerene Cggo

The abnormally strong increase of many vibrations
Gg,u, Hu, F;»g, Fou, etc. inactive for icosahedral
symmetry I, has been also observed in Raman and
IR spectra, as illustrated in Fig. 4 a, b. All IR spectra
have been normalized to the absorbance of the most
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Fig. 2. Comparison of the vibrational bands normalized on
line Ag(2) in the Raman spectra of nanofilms of fullerene Cgo
fabricated by the hot method of deposition (1), microfilms of
fullerene Cgo 2 microns in thickness (3), and nanofilms poly-
merized by diamine (1p) in the region of the bands Hg(1),
Ag(2) and Hg(7,8) and bands Hg(2,3,4) and Ag(1) (b)
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Fig. 3. Enhancement of active vibrations Hg(1-8) in the Ra-
man spectra of the nanofilms of fullerene Cgp in comparison
with microfilms about 2 microns in thickness in the cases of
the hot (1/3) and cold (2/3) deposition methods, as well as
nanofilms polymerized by diamine (1/3 and 2p/3)
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Fig. 4. The fragments of enhanced normalized IR absorp-
tion spectra (a) and Raman spectra (b, ¢) of the nanofilms of
fullerene and the enhancement of the intensity of some “silent”
and active vibrations in the vibrational spectra of nanofilms
(curves with dark symbols), and microfilms after intense light
irradiation (curves with open symbols) in comparison with the
initial microfilms (a, b, c)

intense line F1u(1) with a frequency of 527 cm~!. The
gain enhancement of some inactive vibrations such as
in IR spectrum of the nanofilm of fullerene Cg (spec-
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trum 1) with the comparison of a microfilm 1.2 mi-
crons in thickness (spectrum 3a) is shown in Fig. 4.
It is evident that some previously “silent” vibrations
(e.g., Gu(2), Gg(3), Hu(4), F1g(1)) became equal to
and even exceed the absorption for the strongest IR
line Fyu(l). In the IR spectrum of Cgo nanofilms,
the weaker bands of inactive Hu(2) and Fag(1) vi-
brations also appeared, but the active infrared band
F1u(2) is even suppressed. The majority of bands in
the IR spectra of nanofilms increase by 5-20 times, as
shown in the inset in Fig. 4, a. The examples of mani-
festations of inactive vibrations in the high-frequency
and low-frequency RS ranges are shown in Fig. 4, b,
¢, respectively. Some of the identified spectral com-
ponents of these vibrations with their degeneracy are
shown in the same figures, where their frequencies are
also indicated. Figure 4, b demonstrates the spectral
dependences of the enhancement of inactive vibra-
tions of Cgg in the spectra of nanofilms, as well as
the enhancement of the side spectral components of
active vibrations such as Hg(1,2) Hg(8) in the com-
parison with a microfilm with d = 2 ym (curves with
dark symbols). For comparison, in Fig. 4, b, we also
show the increase of the vibrational bands in a mi-
crofilm 2 pm in thickness in the case of the strong
focusing of the exciting radiation onto a spot 2 mm
in diameter (curves 3L/3 with open symbols). In a
vicinity of Hg(8), the highest-frequency inactive vi-
brations Gg(6) and Hu(7) appear, which is in a good
agreement with data from [9, 10]. First of all, it
should be noted that the side spectral components
increase more than central components. This holds
for both active and inactive vibrational bands. For
example, for the active band Hg(8) in nanofilm 1 for
strong focusing of the excitation radiation, the cen-
tral part is enhanced by 3 times, and the side one by
10-17 times. This regularity is also manifested for
the inactive band Gg(6). In nanofilm 1, the central
component of this band at 1519 cm ™! increases by a
factor of 2.1, and the side components increase by 8.8
times. Under the strong laser influence on the micro-
film of fullerene Cgo, the center of the band Gg(6) en-
hances by 18.2 times, and the side components by 112
times. In the low-frequency region between the Hg(1)
and Hg(2), the bands of inactive vibrations Fau(1),
Gu(1), and Hu(1) have been detected (see Fig. 4, ¢).
The positions of these silent vibrations are in a good
agreement with the results of quantum-chemical cal-
culations (QCC) with regard for various degenera-
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tions of these vibrations. We point out that, in some
works [9, 10], the classification of these vibrations is
not in agreement with QCC. Both for the vibration
Hg(8) and low-frequency bands Hg(1) Hg(2), the reg-
ularity of the bigger enhancement of side components
takes place. For example, for band Hg(2) in the spec-
trum of nanofilm 1, the central component enhances
by 2.2 times, whereas the side ones by 10-15 times. In
the case of strong laser irradiation, the center of band
Hg(2) increases by 6 times, and the side components
by 45-48 times.

Inset in Fig. 4, ¢ shows a part of the Raman spec-
trum in a vicinity of the lowest-frequency band Hg(1)
and the enhancement of some spectral components in
nanofilms, including the case of the strong focusing
of laser radiation. In the latter case, the center of
Hg(1) band increases by 2.8 times, and the side com-
ponents by 12-26 times. As for the high-band satel-
lites of Hg(1) in the region 294-303 cm™! [1, 2], they
increase by 53 times. For the inactive vibrations, the
observed spectral components in nanofilms enhance
by 5-25 times, and, under a strong laser irradiation,
the enhancement reaches 50-300 times even for mi-
crofilms.

3.3. Local induced electronic bands

According to Fig. 1, a, b, the less broad “islets” EBs
appear in a vicinity of numerous vibrations apart
from the very broad EB with half-widths more than
dv = 10® em~!. Moreover, these additional EBs may
be more intense than the main bands. For example,
in a vicinity of the vibrational bands Hg(3,4) with Ra-
man shifts 709 and 773 cm ™1, local EBs are stronger
than those in a vicinity of the strongest Hg(1) band
near 270 cm ™! (see Fig. 1, a, b). The subtraction
of the local EB in the region of Hg(3,4), Ag(2), and
Hg(7,8) vibrations for a microfilm of Cgo polymerized
by diamine is illustrated by Fig. 5, a, b.

One can see that the half-widths év of local EBs are
about 100-200 cm ™!, which is substantially less than
the half width of EB shown in Fig. 1, a, b, but con-
siderably bigger than the half-widths of vibrational
bands. The localization of the “islet” EB in a vicin-
ity of the vibrations can be seen by the coincidence
of a local VB 1424 cm™! with a vibration Hg(7) in
Fig. 5, b, confirming their relationship with vibrations
and the VEL. Probably, an important role is played by
the coincidence of the band Hg(7) with the IR active
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Fig. 5. Subtraction of vibrational induced local electronic

bands (EB) in the Raman spectra of nanofilms of fullerite Cgo
in the case of the hot (a) and cold (b) methods of deposition
and polymerization by diamine in the field of vibrational bands
Hg(3,4) (a) Ag(2), Hg(7,8) (b)

vibration Fyu(4) at 1429 cm™'. The peak intensities
of the considered local VB approach the maxima of
narrow vibrational bands of Cgg, and the integrated
intensities of EB are considerably greater.

3.4. Discussion

It is very significant that the “islets” electronic bands
are localized exactly in a vicinity of Hg(3) and
Hg(7) associated with the main vibrational reso-
nances Hg(1)+Hg(2) = Hg(3), 2Hg(3) = Hg(7).
Due to these resonances, the thermal excitations
of low-frequency modes Hg(1) and Hg(2) as a re-
sult of nonlinear interactions are converted initially
into the medium-frequency vibration Hg(3) and then
to the high-frequency vibration Hg(7). Due to the
nonlinear processes under study and their associ-
ated vibrational-electronic interactions, the changes
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Fig. 6. The comparison of observed and calculated intensi-
ties of the Raman active Hg(j) bands (open symbols) and IR
Fiu(1-4) bands (dark symbols) (b). The inset shows the peak
intensely decrease for Ag(2) band as a function of Ip(1470) in
a vicinity of the current vibration

of electronic states take place. They manifest them-
selves in changes of the derivatives of the electronic
polarizabilities with respect to the vibrational coordi-
nates da/dq, which determine the intensity enhance-
ment of the vibrational bands in the Raman spec-
tra, and in the appearance of new electronic states
in the vibrational field. The localization of broad
electronic bands in the region of the most intense
RS bands Ag(2) and Hg(7,8) (Fig. 1, b), as well as
the displacements induced by EB under the influence
of intense laser radiation in the region of overtones
2Ag(2), 2Hg(7, 8) also indicate a connection between
the vibrational and electronic subsystems. The last
point characterizes the increased interaction of the
atomic and electronic subsystems (violation of the
adiabatic approximation). The role of a strong VEI is
confirmed also by the linear weakening of the intensi-
ties of Ag(2) bands in nanofilms together with the in-
crease in the broad band intensity Iy near band Ag(2),
which is shown in the inset in Fig. 6. The obtained
results are very important for the understanding of
the essential differences between detected Raman in-
tensities for a microfilm of fullerite Cgp 2 microns in
thickness and the results of QCC. These differences
are summarized in Fig. 6. All experimental and the-
oretical intensities of bands Hg(i) and Ag(1,2) have
been normalized on the corresponding values for band
Ag(2), and the values for IR bands Fju(k), where
k = 1-4, have been normalized on the most intense
IR band Fju(1). For the totally symmetric vibra-
tions of fullerene Cgg, Ag(1,2), the QCC results are
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in good agreement with experiment. For IR active vi-
brations F1u(2,3), there is a small increase in the ab-
sorbance as compared with the results of calculations.
Abnormal differences between experimental and cal-
culated results have been established for bands of the
Hg(j) type. In particular, the observed intensities of
Hg(3) and Hg(7) bands are 8-10 times greater than
the calculated ones, and the bands Hg(5,6) are weaker
by more than 10 times (see Fig. 6). It is of impor-
tance that we detect experimentally the enhancement
of exactly Hg(3) and Hg(7) bands associated with
the vibrational resonances Hg(1)+Hg(2) = Hg(3),
2Hg(3) = Hg(7). This is a powerful argument in
favor of developing a nonlinear vibration-electronic
concept.

It is essential that the maximum ratio of the ob-
served and calculated intensities of the vibrational
bands Iexp/Iin for the vibrations Hg(3) and Hg(7)
in Fig. 6 are consistent with an increase in the in-
tensities of these bands in nanofilms Cg in Fig. 3.
Since the increases of the intensities of the vibra-
tional bands in nanofilms are associated with NIVM
and VEI, the detected differences of QCC with the
experiment can be caused just by these phenom-
ena. This shows a possible way of improving the
QCC. This important conclusion is confirmed by a de-
tailed analysis of changes in the intensities of Hg(3,4)
bands. In accordance with the Raman spectra in
Fig. 1, a, b, the bands Hg(3) and Hg(4) have close
intensities, but QCC gives the intensity of Hg(4) vi-
bration about 6 times higher than Hg(3) one. Ac-
cording to Fig. 2, b, the intensity of the band Hg(3)
in nanofilm 1 higher than that for Hg(4), i.e., in
good agreement with Fig. 3 (factor of 2/3). However,
in Fig. 2, b, in nanofilms after the polymerization,
when the total nonlinearity in nanofilms decreases,
the band Hg(3) is weakened, and Hg(4) is enhanced
(spectrum 1p). This is close to the results of QCC.
This fact proves that the discussed differences are
related to the nonlinear interaction of vibrational
modes and strong VEI, which was not taken into ac-

count in QCC.

4. Conclusions

The observed abnormal enhancement of the vibra-
tional bands in nanofilms of fullerene Cgg is associ-
ated with a significant change in the electrophysical
parameters of nanostructured objects as a result of
weakening the symmetry and enhancing the anhar-
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monicity and NEVM. This leads to increasing the
VEI, which plays a significant role in nanostructures,
but practically has not been studied till now. The
significant role of vibrational-electronic interactions
(VEI) is indicated by a number of factors:

1. Maximum of the broadband background in the
Raman spectra of microfilms of fullerene Cgg is achie-
ved in the region of strong high frequency vibrations
Ag(2) and Hg(7,8), closest to the electronic states.
In the same area, the maximum of the broadband
background of nanofilms of Cg is shifted after their
polymerization by diamine NoHy.

2. The detection of the local background bands
in the region of Hg(3) and Hg(7) vibrations associ-
ated with the vibrational resonances Hg(1) + Hg(2) =
= Hg(3), 2Hg(3) = Hg(7), is the strong evidence of
the discussed nonlinear vibration-electronic concept
and the electronic origin of broad bands in the Ra-
man spectra.

3. Abnormal enhancement of the intensities of ac-
tive and inactive vibrations in Raman and IR spec-
tra also associated with essential changes of elec-
tronic states due to a strong vibrational-electronic
interaction.

4. Characteristically, not only the maximum differ-
ence between the calculated and observed intensities
of the Hg(1 + 8) bands is achieved for the vibrations
Hg(3) and Hg(7), but the band splitting for Hg(1 +8)
resulted from the isotopic lifting of a degeneracy is
also achieved for the vibrations Hg(3) and Hg(7) [11]
associated with nonlinear resonances.

On the whole, the obtained results clearly demon-
strate the essential role of nonlinear wave interactions
of the vibrational modes and VEI just for nanofilms
of fullerenes Cgo. However, it can be assumed that
these regularities are characteristic of other nanos-
tructured materials, as evidenced by our close re-
sults [12-14]. In conclusion, the discussed nonlinear
vibrational-electronic concept can contribute, in our
opinion, to the development of a new method of spec-
troscopy, which will provide information about the
nonlinear vibration-electron dynamics and nonlinear
changes in the quantum properties of the material
media in addition to the vibrational dynamics.
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M. Kopnienro, A. Haymenxo

HNIOJCUJIEHHSA KOJIMBAJIBHUX CMYI?

JJId AKTUBHUX TA “MOBYASHUX” KOJINBAHb

B CHEKTPAX KOMBIHAIIMHOT'O PO3CISAHHSA

TA T49 ITOIVIMHAHH A HAHOIIJIIBOK ©VJIEPEHIB Cgg

Peszmowme

IIpoBeieHO TOPIBHSIHHST IHTEHCHMBHOCTEH KOJIMBAJIBHUX CMYT
(KC) B cnekrpax xombinamiiinoro poscisuusa (KP) ra IY mo-
[JIMHAHHS HAHOIUIIBOK (ynepenis Ceo ToBImmHOO 150-250 HM
Ta MIKpOILJIiBOK TOBIIUHOIO 1-2 MKM. Y crnekrpax KP manomi-
BOK BHSIBJIEHO HifcuieHHs MakcumyMmiB axrusHmx KC Hg(1-
8) vy 2-7 pa3iB mOpIBHSAHHO 3 MIKPOIJIIBKOIO [IPH HEBEJIUKOMY
ociabmnenni cmyr Ag(1,2). ITokazauno, mo B KP Ta IY cnekrpax
HAHOILJIIBOK CMYIM HEAKTHUBHHUX /IS 1KOCAaeApudHOl cumerpil
I, xonmuBanp tuny Gg,u, Hu, F1 »g, Fou, a Takox 6iuni cre-
kTpasbai kommorerTn cmyr Hg(1-8) 3pocrators y 5-50 pasis
i 6inpmre. CnocTeperkyBaHi sIBHINA IOB’sI3aHI 31 3HAYHONO 3Mi-
HOIO eJIeKTPOMI3UYHUX IMapaMeTpPiB HAHOCTPYKTYPHUX Cepeio-
BHIL y pe3yabrari ocsrabsenHst cuMerpil i mocusieHHsIM aHrap-
MOHI3MY Ta HesqiHiiiHOT B3aemozii KosuBajabHUX MOA. llpu mo-
sivepm3anii Haromnisok aiamirom (N2Hy) 3apeecrpoBanme mo-
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cunenasgs KC mocmabaoeThes, M0 MOB’sI3aHO 3i 3MEHIIEHHSIM
KOJIMBAJIbHOI HesiniiftHOCTI. OBGroBOPIOIOTHCA BimMiHHOCTI CmO-
cTepeKyBaHUX B cleKkTpax iHtencuBHocTeit KC 3 pesysnprara-
MF KBAHTOBO-XIMIYHHX PO3PaxyHKIB.

H. Kopnuenxo, A. Haymenro

YCUJEHUNE KOJIEBATEJIBHBIX ITOJIOC

JJ1d AKTUBHBIX 1 “MOJIYAJIUBBIX” KOJIEBAHU
B CIIEKTPAX KOMBUHAIIMOHHOI'O PACCEAHU S
1 UK IIOIVIOIIEHN A HAHOIIJIEHOK
OVJIJIEPEHOB Cgg

Peswowme

CpaBHUBAIOTCA HHTEHCUBHOCTH Kosebarenbubix nosoc (KIT)
cnexTpoB KoMbmHanuorroro paccesnus (KP) u MK norsome-
HHUS HaHOIIEHOK dyimrepeHoB Cego Tosmumuoit 150-250 HM u
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MHUKPOILJIEHOK Tommuuoi 1-2 mxM. B cmekTpax KP mamomse-
HOK OOHAPY?KEHO yCuyieHHne MakcuMyMoB axtusHbix KIT Hg(1-
8) B 2-7 pa3 mO CpaBHEHHUIO C MUKDOILJIEHKOH NIpu HEGOIBIIOM
ocsabnennn monoc Ag(1,2). ITokazano, uro B KP u UK cne-
KTpPaX IMIOJIOChI HEAKTUBHBIX [IJI HKOCa,S,E[pH‘{eCKOfI CHMMEeTpUun
I, xonmebammit tuma Gg,u, Hu, F1 2g, n Fau, a Takxe 60Ko-
BBIE CIEKTPAJbHBIE KOMIOHEHTE nosioc Hg(1-8) ycummsarorcs
B 550 pa3 u Gosiee. Habaromaemble sSIBJIeHUST CBA3aHBI CO 3HA-
YUTEJIbHbIM U3MEHEHUuEeM 3HeKTpO¢)I/I3H“IeCKI/IX IIapaMeTpOB Ha-
HOCTPYKTYPHBIX CpeJl B pe3yJibTaTe OClIab/IeHusl CUMMETPDUU U
YCUJIEHUSI AHTAaPMOHHU3Ma U HEJIMHEHHOI'0 B3aUMOJEHCTBUA KO-
sebaresbHBIX MOJ. [Ipu mosimMepu3anuyu HAHOIJIEHOK JIHAMU-
oM (N2Hy) 3aperucrpuposannoe ycunenue KII ymenbinaercs,
9TO CBsI3aHO C YMEHBIIEHHEM KOJieDATeIbHOW HEeJIMHEHHOCTH.
OO6CyXKJaI0TCA pA3Iudnsl HaDI0JaeMbIX B CIIEKTPAX HHTEHCHUB-
vocteit KII ¢ pe3yspraTaMu KBAaHTOBO-XUMHUYIECKUX DACIETOB.
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