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We investigated the fine structure of low-frequency vibrational
bands in the Raman, infrared absorption, and diffuse reflectance
spectra of С60 fullerite. It is related to the components of the
overlapping Davydov and isotope splittings, as well as to a pos-
sible splitting of vibrations due to a reduction of the symmetry.
It is shown that the splittings for the Raman Hg(1) and Ag(1)
bands and the IR Fu(1,2) bands at room temperature are larger
than those in the low-temperature phase. The intensification of
the intermolecular interaction at higher temperatures is explained
by the nonequilibrium vibrational excitation of the medium due
to the nonlinear interaction of vibrational modes and a change of
energy states.

1. Introduction

Investigations of various forms of fullerites are of large
interest for the solution of both fundamental and ap-
plied problems. An important role is played by the high
symmetry of С60 molecules and the resulting consider-
able degeneracy of their electron and vibrational states.
The degeneracy provides a high sensitivity of vibrational
spectra of fullerenes to the influence of comparatively
weak perturbations that result in a reduction of the sym-
metry and the violation of the degeneracy. The reduc-
tion of a symmetry of the medium is possible due to the
influence of intermolecular interactions and the crystal
field, as well as due to the presence of isotopes and poly-
merization [1, 2]. In the case of the icosahedral symme-
try Ih, the symmetry reduction can result in the splitting
of the fivefold degenerate Hg vibrations of С60 fullerenes
into the Eg + Fg vibrations [1, 3] or even into singly
degenerate vibrations, which gives rise to the appear-
ance of a maximal number of components of the fine
stricture of vibrational bands. For example, the split-
ting of the Hg mode into the nondegenerate vibrations
2Ag +Bg(1) +Bg(2) +Bg(3) allowed in Raman spectra
are realized under the symmetry reduction for С60 ful-
lerites to D2h for their orthorhombic structure [4]. For
this symmetry, the triply degenerate Fu dipole modes
active in IR-absorption also split into the simple vibra-

tions Bg(1) + Bg(2) + Bg(3). The symmetry reduction
also can result in the appearance of “silent” vibrations
in vibrational spectra, for example, of the Gg type [1],
which increases the informativity of spectral methods.

In IR absorption spectra of С60 fullerenes, there are
four allowed modes Fu(j), (j = 1–4). While in Raman
spectra, there are ten vibrations (two totally symmet-
ric nondegenerate modes Ag(1), Ag(2) and eight modes
Hg(i), (i= 1–8)). The fine structure of vibrational bands
in the Raman and IR reflectance spectra of С60 fullerite
was studied in [1,5,6]. The use of pure 12С60 and 13С60

isotopes allowed one to separate crystal and isotope split-
tings. At the temperature T=10 K, the Fu(1) band in-
cluded four Davydov components, the Fu(3,4) bands –
three of them, whereas the Fu(2) band remained one-
component [5]. In the Raman spectrum, the fine struc-
ture of individual vibrational bands of С60 fullerite was
studied between the helium temperature (2 K) and the
phase-transition temperature of С60fullerite close to 260
K [1], at which a simple cubic lattice is turned into a
high-temperature face-centered cubic (FCC) structure.
TheHg(1) andHg(4) bands of isotope-free fullerites con-
tained 4 components arisen due to the crystal splitting,
while the strong Ag(2) band – two components [1]. Thus,
both the threefold degenerate Fu(1) mode and the five-
fold degenerate Hg(1) and Hg(4) ones are split into four
spectral components, which coincides with the number
of molecules in a unit cell of С60 fullerite both in a sim-
ple cubic structure and in a face-centered cubic one [3].
That is why the discussed splittings must be considered
as Davydov ones. In fullerites with the natural isotope
content, one observes a larger number of fine-structure
components due to the isotope spitting. At room tem-
perature, all bands are widened, and their structure be-
comes diffused.

It was considered till now that, in the high-
temperature phase of fullerite (T > 260 K), the orienta-
tion disordering of С60 molecules results in a consider-
able weakening of the crystal-field effects and a possible
Davydov splitting. At the same time, according to [1],
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the positions of the components in the Davydov mul-
tiplet for the most low-frequency Raman band Hg(1)
change very little as the temperature increases from 2 K
to 261 K. It is also worth noting that the fine structure of
vibrational bands at high temperatures was observed for
polymerized samples [4], while the structure of the Ag(2)
band observed in [7] was related to the Fermi resonance
due to the interaction with the 3Ag(1) overtone, rather
than to the crystal splitting. Thus, the mechanisms of
formation of the fine structure of vibrational bands of
С60 fullerites are investigated incompletely. In addition,
it should be taken into account that, with increase in
the temperature, the registration of a fine structure is
complicated by the strong overlapping of individual com-
ponents. That is why one must use special techniques,
for example second-derivative spectra and the forbidden
bands of isolated molecules often observed as a result of
the intermolecular interaction [8–11].

In the given work, we study the fine structure of the
most low-frequency bands Hg(1), Ag(2) in Raman spec-
tra and IR absorption Fu(1,2), a part of which mani-
fested the strongest Davydov splitting. In order to in-
crease the reliability of our results, we used both IR
transmission and diffuse reflectance spectra. The split-
tings of the Fu(1,2) bands obtained by two spectral tech-
niques are compared. Considerable Davydov splittings
in the high-temperature phase of С60 fullerite are re-
lated to the intensification of the intermolecular inter-
action due to a nonequilibrium vibrational excitation of
the medium.

2. Experimental Technique and Materials

We investigated С60 fullerite films with the thicknesses
d = 1.2 and 2 µm on a Si(100) silicon substrate. The
IR absorption and reflectance spectra were studied with
the help of a Nicolet NEXUS-470 Fourier spectrome-
ter. Oscillations in the IR transmission spectra result-
ing from the interference in a plane-parallel silicon plate
were removed by means of the numerical smoothing.
The Fresnel losses at the input and output surfaces of
the samples were taken into account. For this pur-
pose, we determined the attenuation of radiation due
to reflection and scattering at the edges of the sam-
ple using the transmission spectrum T (ν) in the re-
gions of maximal transparency and allowed for it by
introducing the corresponding background level TF (ν).
After that, we calculated the optical density spectra
D(ν) = − ln [T (ν)/TF (ν)]. The Raman spectra were ex-
cited by radiation of a continuous Ar+ laser (λL = 514.5
nm). They were registered with the help of an automa-

tized double DFS-24 monochromator with a cooled pho-
tomultiplier and a registration system operating in the
photon-counting mode. In order to decrease the pho-
topolymerization of С60, we used the cylindrical focusing
of laser radiation (the spot size was 0.3×2.5 mm2), whose
intensity approximated 2 W/cm2. The signal/noise ra-
tio was increased by means of the signal accumulation
(in particular, we used 128 scannings in the IR spec-
trometer), as well as the optimal numerical smoothing
of spectra with the fitting of the number of smoothing
points. All experimental investigations were carried out
at room temperature (295 K).

Vibrational bands were extracted numerically at the
wide-band background of vibrational spectra by means
of their polynomial approximation with the use of a nec-
essary number of experimental points. The frequency
positions of individual spectral components, their inten-
sities, shapes, and half-widths were determined with the
help of the numerical decomposition of vibrational bands
into elementary spectral components. The number of
reliable components for each band was determined by
the number of negative minima of the second derivatives
y(2) calculated according to experimental data. In order
to decrease noises in y(2), we carried out their optimal
smoothing. The consistency of the numerical decom-
position of the bands into individual components was
controlled by matching the second derivatives of the ex-
perimental and calculated contours of vibrational bands.

3. Results and Their Discussion

3.1. General analysis of Raman and IR
absorption and reflectance spectra of С60

fullerite films

The most intense Raman bands of the totally symmetric
vibrations Ag(1) and Ag(2) of С60 molecule correspond-
ing to the radial breathing mode and shifts of С atoms
along the edges of a truncated icosahedron [7], as well as
the rather intense low-frequency Hg(1) band for the 2-
µm fullerite sample, are shown in Fig. 1,a. These bands
with maximum frequencies of 271, 497, and 1470 cm−1

are characterized by a low-frequency asymmetry and the
presence of high-frequency shoulders at 297, 501, and
1482 cm−1, which must be explained by general physi-
cal reasons. To a large degree, the asymmetric structure
of the considered bands of С60 fullerite is caused by the
common influence of the Davydov splitting and the reso-
nance generation of difference and summation tones, as
well as by a possible contribution of vibrations of С60

molecules in the excited triplet state [12]. For example,
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Fig. 1. Vibrational bands Hg(1), Ag(1), and Ag(2) in the Raman spectrum (λL = 514.5 nm, T = 295 K) (a) and fragments of optical
density (1) and diffuse reflectance (2) spectra (b) of the 2-µm (a) and 1.2-µm (b) С60 fullerite films

the difference frequency Hg(4)−Hg(1) (773−271 = 502
cm−1) corresponds to the high-frequency shoulder of the
Ag(1) band. The pronounced high-frequency maximum
at 297 cm−1 close to the Hg(1) band is related to the
difference tones Hg(3)−Hg(2) and Hg(4)−Ag(1). The
high-frequency shoulder of the strong Ag(2) band cor-
relates with the summation tone Hg(3) + Hg(4) with a
calculated frequency of 1482 cm−1.

The obtained IR spectra of the optical density D(ν)
that contain the fundamental Fu(1,2) bands of С60 ful-
lerite and the diffuse reflectance spectra are presented
in Fig.1,b. Same as the bands of totally symmetric vi-
brations in the Raman spectrum, these IR bands are
rather sharp. The most intense band in the IR spec-
trum is the Fu(1) band with a maximum frequency of
527 cm−1, whose highest value of the absorption coef-
ficient α(ν) = D(ν)/d (d is the sample thickness) ex-
ceeds 2500 cm−1. The diffuse reflectance spectrum of
the 1.2-µm fullerite film was studied with the use of a
Spectra-Tech Inc. cell (model 0001–397). A contribu-
tion into this spectrum is made by the whole thickness
of the fullerite film, as one observes two orders of the
thin-film interference in it. At the same time, the near-
surface region of the film gives a greater contribution as
compared with that to the absorption spectrum. As is
known, the reflectance spectra are formed with partic-
ipation of the real and imaginary parts of the complex
refractive index. At the same time, in contrast to com-
mon mirror reflection spectra [5], the diffuse reflection is
characterized by the attenuation of IR radiation in the
region of absorption bands. That is why these spectra

approach the transmission ones, which simplifies obtain-
ing the spectral information.

The investigated IR bands (like the Raman ones) are
characterized by a low-frequency asymmetry, whereas
the reflectance spectra have a pronounced fine structure
that contains additional components at 500, 514 cm−1

and 560, 567 cm−1(Fig. 1,b). It is worth noting that,
at room temperature, we did not register the crystal
splitting of IR bands in the reflectance spectra of С60

fullerite [5]. It is explained by a large total width of gen-
eral reflection bands that reveal both absorption bands
and a dispersion of refractive indices in wider regions
near the fundamental absorption bands. The compo-
nent close to 500 cm−1(like the high-frequency shoulder
of the Ag(1) Raman band) can be attributed to the dif-
ference tone Hg(4)−Hg(1). In the region 500–590 cm−1,
one can also register the second-order bands 2Hg(1) and
Hg(6) −Hg(3) with the calculated frequencies equal to
540 and 544 cm−1. That is why the majority of the
present components in the region of the Fu(1,2) bands
should be related to the Davydov splitting. This fact is
also confirmed by the results of studying the structure
of these absorption bands.

3.2. Davydov splitting of Hg(1), Ag(1), and
Fu(1,2) vibrational bands

It is important that the Hg(1) and Ag(1) vibrations in
the Raman spectrum are characterized by different de-
generacies. Yhe Ag(1) mode is nondegenerate, while the
Hg(1) one is fivefold degenerate. Comparing the split-
tings for these vibrations, one can separate the contribu-
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Fig. 2. Decomposition of the vibrational bands Hg(1) (a) and Ag(1) (c) in the Raman spectrum (T=295 K; 514.5 nm) of the 2-µm С60

fullerite film into Gaussian spectral components and the comparison of the second derivatives of the experimental and calculated forms
of the Hg(1) (b) and Ag(1) (d) bands

tions of collective effects of the crystal field and a pos-
sible isotope splitting [1, 5]. For the Hg(1) band, one
observes two spectral components at 266.3 and 272.3
cm−1 for T = 261 K, while there appear two more ad-
ditional components at 260 and 273 cm−1 below 259 K.
The results of numerical decomposition of the Hg(1) and
Ag(1) bands into individual spectral components are il-
lustrated in Fig. 2. It turns out that these bands can
be well described by a sum of Gaussian spectral compo-
nents. In the decomposition of the central part of the
Hg(1) band, one observes at least 4 components lying
at 255, 265, 267.5, and 272.3 cm−1 that correspond to
the minima in the second-derivative spectrum calculated
according to the experimental data (Fig. 2,b). The main
components of the fine structure of the Raman Hg(1)
band in Figs. 2,a and 2,b are marked by figures 1–4. A

good agreement between the second derivatives of the
experimental and calculated contours of the Hg(1) band
testifies to the consistency of the performed numerical
decomposition.

The arrows in Fig. 2,a mark the positions of the sharp
components of the crystal splitting in the Raman spec-
tra of the low-temperature phase of С60fullerite [1]. One
can see that the main components of the fine structure of
the Hg(1) band in the region of room temperatures are
mainly in good agreement with the known components
of the Davydov splitting in the temperature range 2–259
K. It is worth noting that, for the high-temperature FCC
phase of С60 fullerite, one also observes a low-frequency
asymmetry of the fine structure of the given band like
that at low temperatures [1]. Due to this fact, this split-
ting can be rated as the Davydov one.
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Fig. 3. Decomposition of the Fu(1) and Fu(2) bands into Lorentz
and Gaussian components, respectively, and their comparison with
the observed forbidden Raman bands (T = 295 K; 514.5 nm) nor-
malized to the maximum of the Fu(1) IR band

Such an interpretation agrees with the splitting for
the nondegenerate Ag(1) mode, which is illustrated in
Fig. 2,c. A decomposition into spectral components and
a good agreement of the second derivatives for the exper-
imental and calculated forms of the contours in the case
of the Raman Ag(1) band can be also obtained allowing
for four central components close to 494, 495, 497, and
498 cm−1, which is shown in Fig. 2,c. One can demon-
strate that the wider side components with the max-
ima close to 490 and 501 cm−1 are related to different
components of the difference tone Hg(4) − Hg(1). The
comparison between the second derivatives y(2) of the
experimental and calculated Ag(1) bands is presented in
Fig. 1,d. One can see that the Davydov components cor-
respond to the pronounced minima of y(2). Due to the
presence of the 13С isotope (1.11%), there can appear
another low-frequency component for the nondegener-
ate Ag(1) vibration that corresponds to the minimum
of y(2) close to 490 cm−1. The additional isotope split-
ting can also result in a large half-width of low-frequency
component 1 in Fig. 2,c. Thus, the registration of four
spectral components for the nondegenerate Ag(1) mode
testifies to the existence of the Davydov splitting caused
by the presence of four molecules in the unit cell of С60

fullerite [3].
According to Fig. 2,c, the total splitting of the Ag(1)

band exceeds 4 cm−1 in spite of the fact that we did
not observe any splitting for this band at lower tem-
peratures, which can be due to its small magnitude.

The splitting for the Hg(1) band in the region of the
high-temperature FCC phase of С60 fullerite increases
to 17 cm−1, which exceeds the total splitting equal to
13 cm−1 at 2 K. It is worth noting that, in the region
of low-frequency component 1 of the considered Hg(1)
splitting, the complex form of the second derivative in
Fig. 2,b can be related to the contribution of the dif-
ference tone Fu(1) −Hg(1). The basic difference of the
splittings of vibrational bands in the high-temperature
FCC phase consists in a considerable widening of indi-
vidual spectral components, though the total magnitude
of splitting can even grow. The increase of the splitting
related to the migration of excitation in a crystal testifies
to the intensification of the intermolecular interaction
due to the stronger thermal excitation of fullerite.

Due to the symmetry reduction of the medium, we ad-
ditionally observed the bands of the IR-active vibrations
Fu(1) and Fu(2) with the maxima at 527 and 569 cm−1

in the Raman spectrum. The comparison of these Ra-
man bands normalized to the maximum of the Fu(1) one
with the IR bands Fu(1,2) is given in Fig. 3. We note the
much larger width of the Raman-forbidden bands, which
is typical of this kind of bands [13]. We also present there
the decomposition of the IR-allowed Fu(1,2) bands into
individual spectral components. For the sake of com-
parison, the arrows in Fig. 3 mark the positions of the
components of the Davydov splitting of the Fu(1) band
for a temperature of 10 K, as well as the position of the
Fu(2) band in the case of the low-temperature phase [5].

It is worth noting that the structures of the Fu(1,2)
bands in the scattering and absorption spectra are
close and agree with the diffuse reflectance spectrum
(Fig. 1,b). For example, in the absorption and diffuse
reflectance spectra for the Fu(1) band, one observes a
low-frequency component at 514 cm−1 corresponding to
the Raman component at 516 cm−1. The high-frequency
shoulder close to 546 cm−1 can be related to the 2Hg(1)
overtone. The weak 560-cm−1 and 567-cm−1 compo-
nents in the Fu(2) reflectance band (see Fig. 1,b) are
close to the fundamental maxima at 556 and 569 cm−1

in the Raman band. Good agreement of the fundamental
spectral components for the Fu(1,2) bands in the Raman
and IR spectra confirms the reliability of the structure
of the fullerite vibrational bands observed at room tem-
perature.

The splitting of the Fu(1,2) IR bands can be related
to the symmetry reduction of molecules due to the in-
termolecular interaction. However, the presence of four
spectral components in the decomposition of the band
for the triply degenerate Fu(1) mode in Fig. 3, which
coincides both with the results obtained at low temper-
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atures [5] and with the number of the splitting com-
ponents for the nondegenerate Ag(1) band, confirms the
presence of the Davydov splitting. According to the data
given in Fig. 3, the total magnitude of the Davydov split-
ting Δν for the Fu(1) and Fu(2) bands amounts to ∼16
cm−1 and ∼10 cm−1, respectively. In the case of the
isotope-free 12С60 sample, the Davydov splitting of the
Fu(1) band at a temperature of 10 K is equal to 3.25
cm−1. Thus, the Davydov splittings in the Fu(1,2) IR
bands in the high-temperature phase of С60 fullerite are
larger than those in the low-temperature region.

3.3. Intensification of intermolecular
interaction due to vibrational
excitation of the medium

The largest splittings (Δν=16-17 cm−1) are observed for
the most low-frequency bands Hg(1) and Fu(1), which
is possibly caused by their considerable thermal excita-
tion. An increase in the splitting of all bands at room
temperature as compared with that at low temperatures
testifies to the intensification of the intermolecular inter-
action and an acceleration of the spatial energy migra-
tion in the high-temperature phase of С60 fullerite. The
magnitudes of Δν lie between their values characteristic
of the low-temperature and polymerized phases of ful-
lerites. For example, according to Fig. 2,a, the extreme
splitting components for the Hg(1) band lie at 255 and
272 cm−1, whereas they are close to 249 and 276 cm−1

[4] for a polymerized sample, i.e., the splitting widens
to the both sides. The obtained results allow one to as-
sume that the polymerization mechanism of fullerites is
related to the magnitudes of the Davydov splitting, i.e.
to collective mechanisms of migration of the excitation
energy in the С60 crystal.

The difference in the positions of the maxima of the
Fu(2) bands in the Raman and IR spectra (7 cm−1) also
testifies to the existence of rather strong intermolecular
interactions in the high-temperature phase of fullerite.
It is caused by the differences in the wave vectors k of
vibrational states that manifest themselves in various
techniques of vibrational spectroscopy and can charac-
terize the lower limit for the width of the existing phonon
band. Taking into account that vibrational states ob-
served in Raman spectra are characterized by large k,
the lower 569-cm−1 frequency can testify to the negative
dispersion ν(k) of the fullerite phonon band related to
the Fu(2) mode. The maximal widths of phonon bands
should be expected for dipole vibrations due to the in-
tensification of their intermolecular interaction.

The complex structure of the Raman bands for the
FCC phase of С60 fullerites indicates the presence of
special mechanisms of intensification of the intermolecu-
lar interaction in the high-temperature region. At room
temperature ∼295 K, a considerable thermal excitation
of low-frequency modes makes one assuming the exis-
tence of a substantial intensification of their nonlinear
interaction with the generation of a nonequilibrium pop-
ulation of high vibrational states. The efficiency of this
mode interaction considerably increases due to the reso-
nance nature of these processes, particularly due to the
existence of a number of resonances: Hg(1) + Hg(2) =
Hg(3); Hg(1) +Ag(1) = Hg(4); Hg(3) +Hg(4) = Ag(2),
etc. Another characteristic feature of such wave non-
linear processes is their spatial accumulation [10,13–16].
The registration of additional components close to 297
and 501 cm−1 for the Raman Hg(1) and Ag(1) bands
testifies to the reality of the nonlinear interaction of vi-
brational modes of fullerites and a possibility of due to
generation of the summary frequencies Hg(1) + Hg(2)
and Hg(1) + Ag(1) which are resonant with the Hg(3)
and Hg(4) modes. Due to the higher-frequency reso-
nance Hg(3)+Hg(4) = Ag(2), the excitation of medium-
frequency modes Hg(3,4) can transform to the region of
excitation with still larger energies. High vibrational
states approach electron states, interact with them, and
induce their changes. The intensification of the Davydov
splitting for near-surface regions of fullerite observed in
diffuse reflectance spectra also confirms the nonlinear na-
ture of the discussed phenomena, as vibrations of surface
atoms are characterized by an increased anharmonicity.

Due to the phenomenon of the strong electron-
vibrational interaction [17], the intermolecular interac-
tions in С60 fullerite for room and higher temperatures
take on intermediate values between the van der Waals
forces and chemical bonds in polymerized samples.

4. Conclusions

Investigations of the fine structure of low-frequency vi-
brational bands of the high-temperature FCC phase of
С60 fullerite performed with the use of the techniques
of IR absorption, diffuse reflectance, and Raman scat-
tering spectroscopy have demonstrated that the central
parts of the Hg(1) and Ag(1) bands in the Raman spec-
trum of fullerite obtained at room temperature consist of
four spectral components. The Fu(1) IR band in the ab-
sorption and diffuse scattering spectra also includes four
components. The reliability of the splittings observed for
the Fu(1,2) IR bands is confirmed by the similar split-
tings of these bands in the Raman spectra due to the
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intermolecular interaction and the symmetry reduction
for С60 molecules. For the Hg(1) and Fu(1) vibrational
bands, the splittings at room temperature correlate with
the crystal splitting in the low-temperature region [1,5].
This fact together with the existence of a similar split-
ting for the Ag(1) nondegenerate mode testifies to the
presence of the Davydov splitting in the FCC phase of
fullerite overlapping with the isotope splitting.

We have established an increase of the crystal splitting
for the Hg(1) band from 13 cm−1 at 2 K to 17 cm−1 at
295 K, as well as a considerable increase of the splittings
of the Fu(1,2) dipole modes (from 3.25 cm−1 at 10 K [5]
to ∼16 cm−1 for Fu(1) in the high-temperature phase),
which testifies to the intensification of the intermolec-
ular interaction in the high-temperature FCC phase of
fullerite as compared with that in the low-temperature
phase, as well as to the strengthening of collective prop-
erties of the vibrational modes of С60 fullerite. An in-
crease of the Davydov splitting is due to the appear-
ance of a nonequilibrium vibrational excitation of the
medium and the considerable electron-vibrational inter-
action. The vibrational excitation of fullerite is caused
by the nonlinear resonance interaction of thermally ex-
cited vibrational modes. It is favored by the multiple
Fermi–Davydov resonances for vibrational modes and
the spatial accumulation of nonlinear wave interactions.
The proposed nonlinear conception is confirmed by the
registration of the bands of resonance summary and dif-
ference frequencies, as well as by an increase of the split-
ting for the surface regions of fullerite characterized by
a larger anharmonicity of vibrations.
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ТОНКА СТРУКТУРА СМУГ У КОЛИВАЛЬНИХ
СПЕКТРАХ ФУЛЕРИТУ C60

М.Є. Корнiєнко, М.П. Кулiш, С.А. Алексєєв,
О.П. Дмитренко

Р е з ю м е

Дослiджено тонку структуру низькочастотних коливальних
смуг у спектрах комбiнацiйного розсiяння (КР), iнфрачерво-
ного поглинання i дифузного вiдбивання фулериту С60. Вона
пов’язана iз компонентами давидiвського та iзотопного розще-
плення, якi перекриваються, а також можливим зняттям ви-
родження коливань внаслiдок пониження симетрiї. Показано,
що для КР смуг Hg(1), Ag(1) та IЧ-смуг Fu(1,2) величини
розщеплень при кiмнатнiй температурi бiльшi, нiж у низько-
температурнiй фазi. Пiдсилення мiжмолекулярної взаємодiї у
випадку пiдвищених температур пояснюється нерiвноважним
коливальним збудженням середовища в результатi нелiнiйної
взаємодiї коливальних мод i змiною електронних станiв.
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