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Low-temperature photoluminescence of Cg single
crystals intercaled with nitrogen molecules in the wide
range of temperatures
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The optical properties of Cg single crystals, intercalated with nitrogen molecules, were studied by the spec-
tral-luminescence method at a temperature 7= 30 K and excitation by the He—Ne laser (£, = 1.96 eV). Interca-
lation was carried out at a pressure of 30 atm in a temperature range of 200-550 °C. It was found that at sorption
temperatures up to 400 °C, the bands of the low-temperature luminescence spectrum of the C4—N, solutions are
broadened without significant energy shift. As a rule, this situation is typical for the case of an increased contri-
bution of the luminescence of “deep X-traps”. The concentration of such exciton emission centers is determined
by the degree of occupation of the octahedral cavities of the fullerite fcc lattice by intercalated molecules. This
indicates the formation of an equilibrium Cg—N, interstitial solution as a result of physisorption. At sorption
temperatures above 400 °C, a significant shift of the luminescence spectrum towards low energies with a consid-
erable inhomogeneous broadening of spectral bands was found for the first time. The shift and significant
nonuniform broadening of the luminescence bands are explained by the emergence of a chemical interaction
(chemisorption) of nitrogen with fullerene molecules, with the formation of a new nitrogen-containing substance

in this case.
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Fullerite Cg4y belongs to the class of molecular crystals
[1, 2]. In these crystals the molecules are loosely bound to
each other by van der Waals forces and retain to a large
extent their individuality. Molecular crystals represent a
wide range of compounds, the properties of which are of
great interest, both from a scientific point of view and
practical application.

The symmetry of the crystal structure of Cg, fullerite is
determined by the rotational state of the molecules, which,
depending on the temperature and the presence of impuri-
ties, can radically change. The orientationally disordered
phase of fullerite Cq in the temperature range above 260 K
has lattice symmetry Fm3m with a characteristic weakly
hindered spherical rotation of molecules. A decrease in
temperature transforms the crystal structure into the Pa3
symmetry with relatively free rotation of molecules only
around their own third-order axes oriented along the <111>
directions of the cubic cell. Complete freezing of molecu-
lar turns in the low-temperature region at 7<7,=90K
leads to the formation of a kind of orientational glass [3, 4].
Fullerite contains structural interstitial voids of two types
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with different sizes — octahedral (2.1 A radius) and tetra-
hedral (1.1 A radius) [2], which can be filled with intersti-
tial impurities. Doping of fullerite with various atoms or
molecules has a significant effect on the spectral-
luminescent, structural, and thermodynamic characteristics
of Cy fullerite.

The luminescence of fullerite at low temperatures is de-
termined by the efficiency of the transport of excitons to
emission centers, as a rule, to structural defects and impuri-
ties, with the general name “deep X-traps” [5]. Localiza-
tion of the Frenkel exciton on such inclusions strongly in-
creases the probability of radiative transitions forbidden by
symmetry for Cq molecules in an ordered lattice [6]. As
the temperature of Cgqy fullerite intercalation by nitrogen
molecules increases, the octahedral voids of the Cg, cubic
lattice are gradually filled with a large dopant density gra-
dient along the sample depth [7]. At a sorption temperature
above 420 °C, the diffusion saturation mechanism is re-
placed by the formation of nitrogen-containing complexes
[8], as a result of chemical interaction of nitrogen atoms
with Cgy molecules.



Low-temperature photoluminescence of Cg single crystals intercaled with nitrogen molecules

In this article, we present the results of photolumines-
cence studies of the C4—N; binary system at different tem-
peratures of nitrogen sorption. The features of the spectral
characteristics of the material under study for the case of
physisorption of nitrogen, as well as for the transition to
the mechanism of chemisorption, are established.

To study the spectral properties of fullerite intercalated
with N, molecules, we used polycrystalline samples with a
purity of at least 99.9 % with a crystallite size of about
0.5 mm, which were saturated with nitrogen at two differ-
ent temperature regimes 7, = 280 °C and T, =450 °C. The
total intercalation time in the first and second modes was
150 and 200 h, respectively, at a gas pressure in the cell
P =30 atm. The control of the entry of the impurity N,
molecule into the crystal lattice of fullerite was determined
by the method of powder x-ray diffraction analysis at room
temperature by the change in the lattice parameter a during
saturation. A description of the process of saturation of Cg
with N, molecules and x-ray diffraction data for the ob-
tained samples are given in [8].

Figure 1 shows the change in the parameter a of the stud-
ied samples of Cqy on the saturation temperature with gase-
ous N, on the base of experimentally obtained data [8]. A
characteristic break of the change in the lattice parameter a
at a temperature of T, =450 °C indicates a change in the
sorption mechanism.

The photoluminescence (PL) of Cg crystals at a tempera-
ture of 30 K was recorded “for reflection” in the spectral
region 1.2—-1.85 ¢V (1033—670 nm) with a spectral resolu-
tion of 2 nm, in the photon counting mode upon excitation
of an He—Ne laser with radiation energy E.. = 1.96 eV
(632.8 nm) and power density # < 1 mW/mm?. The lumi-
nescence measurement technique, experimental setup,
and analytical processing of experimental results are pre-
sented in [6].

Figure 2 illustrates the photoluminescence spectra of
polycrystal Cg, samples at a temperature of 30 K, corrected
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Fig. 1. The change in the parameter a of the studied samples of
Cgo on the saturation temperature 7 with gaseous N, at a pressure
of 30 atm on the base of experimentally obtained data [8].
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Fig. 2. The photoluminescence spectra of a polycrystal Cg, sam-
ples at 30 K: (a) pure fullerite; (b) Cg saturated with molecular
nitrogen at a temperature of 280 °C and (c) saturated at a temper-
ature of 450 °C. The spectra were normalized to their integral
intensity and corrected for the spectral sensitivity of the setup.

for the spectral sensitivity of the setup and normalized to
their integral intensity at 7=30 K: (a) pure fullerite, (b) Cq
saturated with molecular nitrogen at a temperature of
280 °C, and (c) saturated at a temperature of 450 °C. The
main contribution to the luminescence of the C¢—N, solu-
tion in the diffusion mechanism of sorption is made by the
radiation of a mobile exciton localized on “deep X-traps”.
The intensity of such radiation depends on the concentra-
tion of intermolecular voids in the fullerite lattice filled with
an intercalator. The significant inhomogeneous broadening
of the spectral bands [Fig. 2(b)] indicates a significant fill-
ing of the octahedral voids of fullerite, which at a relatively
weak change in the matrix lattice parameter a [8] indicates
the presence of a strong gradient of the N, impurity distri-
bution over the depth of Cg, crystals. The absence of an
energy shift of the characteristic spectral photolumines-
cence bands indicates an exclusive diffusion mechanism of
sorption in this saturation mode.

When comparing the spectra of pure Cq and fullerite
extremely saturated with nitrogen at two different tempera-
tures (Fig. 2), the stepwise nature of changes in the photo-
luminescent properties with an increase in the intercalation
temperature becomes obvious. The inhomogeneous broaden-
ing of the luminescence bands at 7; = 280 °C [Fig. 2(b)] is
replaced by a radical rearrangement of the spectrum with
a strong shift to the low-energy region at 7, =450 °C
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[Fig. 2(c)] and a noticeable decrease in the radiation inten-
sity. Joint analysis of spectral-luminescent and structural
data [8] (including vacuum degassing) leaves no doubt
about the presence of a sorption crossover. An increase in
the saturation temperature above 420 °C for the Cg—N,
system leads to a change in the diffusion mechanism of
sorption to the chemical interaction of the intercalant with
matrix molecules and, as a result, to the formation of a new
nitrogen-containing substance based on Cg.

Thus, in this article, we have show a significant change
in the optical characteristics for the Cq—N, binary system
with a change in the sorption mechanism (adsorption cros-
sover — transition from physisorption to chemisorption)
for the first time. A slight change in the matrix lattice pa-
rameter and broadening of the Cgy luminescence spectrum
bands characteristic of physisorption without an energy
shift are observed in the sorption region up to 400—420 °C.
This indicates that the octahedral cavities in Cg, crystallites
are filled with nitrogen molecules with the formation of an
equilibrium interstitial solution. A strong change in the
spectral luminescence characteristics of the Cq—N, system
was established at sorption temperatures above 420 °C. A
shift of the luminescence spectrum towards low energies is
observed. The shift and significant nonuniform broadening
of the luminescence bands observed in the second region
of saturation temperatures T > 420 °C are due to chemical
sorption processes. In this case, nitriding of Cgy molecules
occurs and a new nitrogen-containing substance is formed.
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HusbkoTemnepatypHa oTONOMIHECLIEHL IS
MoHokpucTtanis Cgg, AKi iHTEpKanboBaHi Monekynamm
as3oTy Yy LUIMPOKOMY iHTepBani Temneparyp

P. V. Zinoviev, V. N. Zoryansky

OnruyHi BracTBOCTI MoHOKpHcTaliB Cg, SIKi IHTEpPKAIBOBA-
HI MOJIEKYJIaMH a30TY, XOCITI/PKEHO CIIEKTPaIbHHM JIIOMiHECICH-
THUM MeTtonoM mpu temnepatypi 7 = 30 K Tta 30ymkenni He—Ne
nazepoM (E.. = 1.96 eB). Inrepkansnis 3ailicHIOBasIacs I THC-
koM 30 arm y TemmeparypHoMy iHtepBani 200-550 °C. Bcra-
HOBJICHO, III0 1P Temrreparypax copbuii 1o 400 °C BinOyBaeTbcs
PO3IIUPEHHS CMYT CIIEKTPY HU3bKOTEMIIEPATyPHOT JIFOMiHECHICHLIIT
pozunHiB Cgo—N, 6e3 3MilIeHHS 10 eHeprii. 3a3Bi4ail Taka CUTya-
s XapaKTepHa Uil BUMAAKy 3POCTaHHsS BHECKY JIOMiHECIEHLIl
«rmbokux X-mactok». KoHmeHTparis Takux emiciiiHuX IeHTpiB
SKCHTOHIB BU3HAYA€ThCSA MIpPOIO 3aIOBHEHHS OKTACIPUYHHUX I10-
poxunH I'LIK rpatku ¢ynepura monekynamu iHTepkansara. Lle
CBIZTYMTb NPO YTBOPECHHS PIBHOBAKHOT'O PO3YHHY BIPOBAKEHHS
Ceo—N, 3aBmsku ¢izcopouii. Ilpn Temneparypax copOuii Bumie
400 °C priepiie BUSIBICHO iCTOTHE 3MILIEHHS CIIEKTPY JIOMiHec-
LeHIii B 001aCTh HU3BKUX CHEPTil 31 3HAYHUM HEOJHOPITHHM
PO3LIMPEHHSM CINEKTPaJbHUX CMYT. 3MIIIEHHS Ta 3Ha4YHE HEOJ-
HOpIiJHE PO3MIMPEHHS CHEKTPAIBHUX CMYT JIOMIHECHEHII] Mosic-
HEHO MOSBOIO XiMiYHOT B3aeMoil (xeMocopO1Iiil) a30Ty 3 MOJIEKY-
JaMu (QyJiepeHy 3 yTBOPEHHSM y IIbOMY BHIIQJKy HOBOI a30ToO-
BMICHOT pEUOBHHH.

Kirouesi cmoBa: ¢ymepur Cg, iHTepKamsmis N,, mapamerpu
rpatkd, (OTONOMIHECUEHIIisI, aaCcopOLiHIMIA
KpOCOBEp.
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