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Abstract

The crystal structure of novel molecular complex of fullerene Cg, with 9,9"-trans-bis(telluraxanthenyl): C,,H 5Te, - Cq
-CS, (BTX - Cgy-CS,) has been investigated by X-ray structural analysis. Its photoluminescence (PL) and optical
reflectivity spectra have been examined. We have found that fullerene C,,, donor BTX and carbon disulfide CS, molecules
are situated at the inversion centers (1,0,1 /2), (1/2,1/2,1), (1/2,1/2,1/2), respectively. The PL spectrum in C4, + BTX is
shifted by 0.16 eV towards lower energies compared to C,. The optical reflectivity spectrum of C, + BTX is also different
from that of Cg,. The results are explained in terms of a decrease of the singlet exciton energy due to the strong interaction
between Cg, and BTX molecules. The decrease of PL intensity in the new complex has been found to begin at much lower

temperature as compared to the pure C, crystals.

1. Introduction

The crystals of fullerene C, and some C,-based
salts and complexes can be regarded as a novel class
of organic semiconductors and metals very interest-
ing for basic research and for possible applications.
The interest in such crystals has especially increased
after the discovery of superconductivity in Cg,-alkali
metals salts [1], and ferromagnetism in TDAE - C,
[2] (TDAE—tetrakis(dimethylaminoethylene)). There-
fore. a synthesis of new types of C,,-based crystals
and investigation of their physical properties attracts

much attention. A number of charge transfer com-
plexes [3-6] and ion-radical salts with monoanion
Cg [7-9] and dianion CZ; [10] were already synthe-
sized using organic and metal organic donors.

In order to understand the electronic properties of
such crystals one has to know their crystal structure.
The knowledge of crystal structure is also necessary
for any theoretical calculations of electronic band
structure. However, the publications concerned with
structural characterization of C,, molecular com-
plexes are not numerous. The main reason for this is
the molecular disorder caused mainly by thermally
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activated rotation (or swinging) of C,, molecules
due to their high symmetry and weak intermolecular
interaction.

Here we report the results of our X-ray analysis of
the crystal structure and photoluminescence mea-
surements of single crystals of the new molecular
complex BTX - Cq, - CS, [11], where BTX is 9,9'-
trans-bis(telluraxanthenyl):

@ﬁ@
Te

2. Measurement technique

Single crystals of the molecular complex were
synthesized by evaporating a diluted equimolar solu-
tion of Cy, and BTX in carbon disulfide CS, for 12
days in an argon atmosphere. The X-ray experimen-
tal data were measured at 290 K using an Enraf
Nonius CAD4 diffractometer with graphite
monochromated MoK | radiation. A total of 8137
X-ray reflections were accumulated, 4037 of them
were mdependent with F > 40 (F), (sin(6/A),,, =
0.594 A~' (R,, = 0.018 in 3908 equivalent groups).
Due to the very small size of the specimen and small
absorption of MoK, radiation in this material no
absorption corrections were necessary. The crystal
structure was first determined by a direct method and
then refined by a least-squares method in anisotropic
approximation using the programs AREN [12] and
SHELXL [13] with R = 0.058 (for all 4037 reflec-
tions). The positions of hydrogen atoms were intro-
duced geometrically and accounted for in the calcu-
lation. The final coordinates of nonhydrogen atoms
and their equivalent temperature parameters are listed
in Table 1.

The phototluminescence (PL) of the BTX - Cq, -
CS, and Cg, crystals was measured in the tempera-
ture range from 4.2 to 280 K using a monochromator
MDR-2 and a cooled germanium detector. The over-

all spectral sensitivity of the experimental system
was calibrated by recording the spectrum of a low-
voltage tungsten lamp and dividing it by the known
spectral density of the lamp emission. The experi-
mentally measured PL spectra from the samples
were then divided by the calibration spectra. So, the
PL spectra reported here correspond to the number
of photons (in relative units) of the given energy (i.e.
AN,/ dE) emitted per unit time depending on their
energy E (in eV). The photoluminescence was ex-
cited by a 514.5 nm argon laser radiation or by
He—Ne laser (wavelength is 632.8 nm). The laser
beam was focused in a spot of about 1 mm? on the
sample. The laser beam power was 12 mW for the
Ar-laser and 2 mW for the case of He—Ne laser.
Since the crystals of the BTX - Cg, - CS, were
rather small (about 0.2 X 0.2 X 0.02 mm®), we mea-
sured their optical reflectivity spectra only at room
temperature using an optical microscope. The mea-
surements were made from the sample surface per-
pendicular to the c-axis of the crystal, so that the
wave vector of the light was parallel to the ¢ axis.

3. Experimental results

Fig. 1 represents the projection of the crystal
structure along the a direction. The main crystal data
of the complex are: a = 10. 309(1), b=10.988(3),

=12011(1) A, «=8520(2), B=71.85(1), y=
79.83(2)°, V = 1271.9 A?, the space group P1, Z= 1,
the formula unit is Cg H gTe,S,, F(000)= 676,
M =1382.19, d_. =180 g/cm’, u(MoK, )=
1331 cm™".

The fullerene C,, donor BTX and carbon disul-
fide CS, molecules are situated at the inversion
centers (1,0,1/2), (1/2,1/2,1), (1/2,1/2,1/2), re-
spectively. The characteristic feature of the structure
is the presence of Cq, chains along the a = 10.309
A, although the distance between the Ceo centers is
somewhat larger than the distance of 10.02 A be-
tween the centers of nearest molecules in Cg, crys-
tals. There are no shortened Cq,...C, intermolecular
contacts and all the C...C distances exceed 3.60 A
(the sum of the van der Waals radii). At the same
time there are slightly shortened contacts of the
BTX...C¢, type: Te...C = 3.60, 3.85 and 3.84 A and

calc
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Fig. 1. Projection of the BTX-C(,-CS, structure along the u
direction.

ten intermolecular C...C distances from 3.32 to 3.59
A. It means that there is some overlapping of the
electron wave functions of C¢, with BTX. Some
contacts between CS, and C, are also slightly
shortened compared to the sum of the van der Waals
radii (S..C=3.41 and 3.56 A and C..C =334,
3.54, 3.57 and 3.58 A).

The accuracy in the determination of the C-C
bond lengths in the C¢, molecule itself is not high
enough to estimate exactly the extent of deformation
of the C¢, molecule. This is caused by large thermal
vibrations. It should be noted that though the accu-
racy on individual C—C bond lengths was about 0.03
A, the actual values ranged within wider limits.
Therefore, when refining the structure by the pro-
gram SHELXL., we were forced to set some restric-
tions on the lengths of the bonds in C¢, molecules.
As a result, we obtained the same R factor as that
calculated by the program AREN without limita-
tions. It can be seen from Table 1 that the tempera-
ture parameters for carbon atoms in the C;, molecule
(atoms C17-C44) are approximately 34 times larger
than for other atoms.

Of course, the X-ray measurements at low tem-
perature could give more precise data about the C-C
bond lengths in the C,, molecule, but we do not see
any special necessity in it because we suppose that
the geometry of the C, molecule is not very much
affected by the intermolecular interactions in this
crystal. Indeed, some small changes in the C4; bond
lengths was noted only for anion-radical salts
[9,10,14). In this case, as the negative charge on the
C,, molecule increases from 0 to — 2, the length of
the bonds tends to increase in the six-membered
cycles (6:6) in the following sequence 1.355=
1.389 = 1.399 A and to decrease in the five-mem-
bered cycles (6:5): 1.467 = 1.449 = 1.446 A. In our
samples the EPR signal is absent and this means that
the C,, molecules has no significant charge. This is
not surprising because the comparison of the electro-
chemical potentials of BTX and C,, shows that the
donor level of BTX should be by approximately
1.2-1.5 eV lower than the C¢, LUMO level.

The BTX molecule have the conformation of a
butterfly (see Fig. 2) and consists of two identical
parts, connected by an ordinary C7-C7 bond of
1.576(8) A in length. The geometry of the BTX
molecule in investigated complex is close to that in
the crystal of BTX itself [15]. It is also close to that
in the crystal of the charge transfer complex BTX -
TCNQ [16]. The conformation of the central hetero-
cycle (*bath’) of this molecule is the following: Te
and C7 atoms deviate from the plane of the remain-
ing four atoms of the cycle in one direction by 0.63
and 0.54 A, respectively. The planes of two benzene
rings are bent back from this plane in the opposite
direction by 22.8° on the average. The bending angle
of the tricyclic system along the Te...C7 line equals
135.5°, that is close to the values of 138.8° and
140.5° in the BTX crystal and to 141.0° in the
BTX - TCNQ crystal. The lengths of the Te-C,,
bonds are equal to 2.10%(7) and 2.110(6) A that is
close to the mean value of 2.100(6) A for this bond
in [15], being intermediate between Te-C,, = 2.02(1)
A [17] and Te-C,, = 2.172(3) A [18]

Fig. 3A displays the PL spectrum of the BTX -
Cq - CS, single crystal at 10 K and the result of its
computer band analysis. At the energy higher than
1.1 eV, the spectrum can be reasonably good de-
scribed by a sum of 12 Gaussian lines, as shown on
Fig. 3A. The energy positions of the most resolved
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Table 1

The coordinates of atoms and their equivalent thermal parameters Uy, (A%)

Atom x/a y/b z/c Ug
Te 0.5837(0) 0.2063(0) 1.101(0) 0.04
Cl 0.4728(6) 0.2510(6) 0.9782(6) 0.03
C2 0.4026(7) 0.1626(7) 0.9556(7) 0.04
Cc3 0.3348(8) 0.1873(8) 0.8730(7) 0.05
C4 0.3368(8) 0.2987(8) 0.8088(7) 0.05
Cs 0.4060(7) 0.3877(7) 0.8324(6) 0.04
c6 0.4746(6) 0.3650(6) 0.9176(6) 0.03
C7 0.5445(6) 0.4665(6) 0.9416(5) 0.03
C8 0.6925(6) 0.4227(6) 0.9432(5) 0.03
c9 0.7941(7D) 0.4925(7) 0.83781(7) 0.04
C10 0.9296(7) 0.4584(8) 0.8828(7) 0.05
Cll 0.9647(7) 0.3585(8) 0.9488(7) 0.05
C12 0.8666(7) 0.2864(7) 1.0108(6) 0.04
C13 0.7298(6) 0.3196(6) 1.007%(5) 0.03
S 0.5803(4) —-0.4195(3) 0.5423(5) 0.12
Cl4 0.5000(0) -0.5000(0) 0.5000(0) 0.10
Cis 0.715%12) 0.0217(15) 0.3914(12) 0.10
C16 0.9446(16) —0.1350(14) 0.267%(11) 0.11
C17 1.2706(16) —.0524(19) 0.2373(13) 0.13
Ci8 1.0037(19) 0.3009(14) 0.3758(15) 0.12
C19 0.8364(15) 0.1987(15) 0.3215(13) 0.12
C20 0.9261(14) —0.0011(15) 0.2333(10) 0.10
c21 1.0601(14) 0.0433(14) 0.1958(8) 0.10
2 0.7375(16) 0.2183(17) 0.4389%(16) 0.13
C23 1.0578(20) —0.3080(13) 0.4103(17) 0.13
C24 1.2041(16) 0.1627(15) 0.2634(12) 0.11
C25 0.9126(17) —0.2765(13) 0.4365(15) 0.12
C26 0.9645(17) 0.236%(15) 0.2894(13) 0.12
C27 1.361%(13) ~0.0785(19) 0.4034(15) 0.13
C28 1.163%(16) ~0.063%(15) 0.2024(10) 0.11
C29 0.8150(14) 0.0783(15) 0.2948(12) 0.11
C30 1.3457(12) 0.043%(18) 0.3714(14) 0.12
C3t 0.7347(13) —0.1041(14) 0.4252(13) 0.10
C32 0.7003(13) —0.1356(15) 0.5542(14) 0.11
C33 0.8543(15) —0.187215) 0.3625(13) 0.11
C34 0.6640(12) 0.1089(15) 0.4845(14) 0.11
C35 1.3204(15) —0.1392(20) 0.3150(16) 0.14
C36 1.0932(17) ~0.1761(15) 0.2490(12) 0.12
C37 1.2646(20) —0.2358(18) 0.3613(19) 0.15
C38 1.1537(19) 0.2542(15) 0.3560(15) 0.13
C39 1.2323(21) —0.2764(16) 0.4819(20) 0.16
C40 1.0787(17) 0.1576(15) 0.2258(11) 0.11
C41 1.2904(15) 0.0582(17) 0.2674(12) 0.12
Cc42 0.8119(18) —0.2455(15) 0.5500(17) 0.13
c43 1.1011(21) ~-0.3202(14) 0.5201(18) 0.14
C44 1.149%(21) —0.2544(16) 0.3183(16) 0.14

lines calculated from the best fit are listed in Table 2.
Fig. 3B illustrate the variation of PL with tempera-
ture. The curves from 1 to 4 are the PL spectra of
BTX - Cq - CS, measured at 10, 19, 31 and 50 K

using 12 mW Ar-laser excitation. In Fig. 4A the PL
spectrum of a pure Cg, crystal is shown by dashed
curve for comparison with the PL spectrum of the
BTX - Cq, - CS, that is shown by solid curve. For
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Fig. 2. Donor molecule of 9,9'-1rans-bis(telluraxanthenyt).

convenience both spectra are normalized to their
integral intensity N, = [(dN,,/dE)dE. We have
specially checked that the BTX molecules them-
selves as well as the CS, do not contribute to the
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Fig. 3. PL spectra of BTX-Cg,-CS, measured with 514.5 nm
Ar-laser excitation. A - the PL spectrum measured at 10 K.
Individual Gaussian lines are shown as it was calculated using
computer fitting. B - the PL spectra measured at 10 K (1), 19 K
(2) 31 K (3) and 50 K (4). The spectra correspond to the spectral
density d N, /dE of emitting photons.

Table 2

The energy position of some PL lines in the crystals of BTX-Cg,
-CS, and C, and the energy difference AE between them. The
label (?7) means that this line is not well resolved and the accuracy
of energy determination is low

E, in BTX Cg,-CS, E, in Cq, AE, (eV)
(eV) (eV)

- 1.665 -

1.496 1.651 0.155
1.460 1.626 0.166
1.429 1.596 0.159
1.407 (N1.555 (70.148
(7 1.385 (@) (@)

1.341 1.500 0.159
1303 1.466 0.163
1.274 1.440 0.166
(?) 1.235 (7) 1.405 (7 0.170
1.194 (7 1.366 (10.172
1.152 1.311 0.159
1.115 1.260 0.145

luminescence in this energy range. We have also
measured the PL in BTX - C, crystals not contain-
ing CS, molecules and obtained the same PL spectra
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Fig. 4. PL spectrum of BTX-C,,-CS, (solid curve) and Cg,
crystal (dashed curve) measured at 10 K with 514.5 nm Ar-laser
excitation. Fig. A shows original data while on Fig. B the
spectrum of Cg, crystal is shifted to the lower energy by 0.16 eV
for convenience of comparison.
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Fig. 5. PL integral intensity versus the temperature for BTX - Cg,-
CS, (curve 1) and C,, (curve 3) measured with 514.5 nm
excitation {Ar-laser). Curve 2 shows the intensity of PL in BTX-
Ceo'CS, crystal measured using 632.8 nm excitation (He—Ne
laser).

as for BTX - Cg, - CS,. So, the difference between
the PL spectra of the complex and pure Cy, crystal is
not related to the presence of CS, molecules.

Fig. 5 shows the temperature dependence of the
integral intensity of the photoluminescence, N,
for a BTX - Cg, - CS, sample (curve 1) and for a
pure Cg, sample (dashed curve 3), measured using a
514.5 nm Ar-laser excitation. In contrast to Cg,
crystals wherein the PL intensity is weakly tempera-
ture dependent at 7 < 80 K, the PL decreases rapidly
starting with 5 K in the crystals of the complex. The
observed decrease of the PL intensity with increasing
temperature can not be explained by the change of
the absorption of the laser radiation in a sample. The
absorption coefficient K of the sample exceeds 10*
cm™ ! at the photon energy of about 2.4 €V, used for
the PL excitation, while the sample thickness is
about 2 - 107° cm. Therefore, the sample absorbs all
the laser light penetrating through the surface. Since
the reflectivity of the sample even at room tempera-
ture is less than 20% at 2.4 eV (see Fig. 6) a possible
increase of reflectivity with increasing temperature
can not influence strongly the excitation rate in a
sample. At least, it can not explain the decrease of
PL intensity by factor 5 observed when the tempera-
ture increase from 5 to 50 K. The same is true of the
Cy4o sample. The curve 2 in Fig. 5 shows the integral
intensity of PL for the same BTX - C, - CS, sample,
but measured using a 632.8nm He—Ne-laser excita-
tion instead of Ar-laser. We have found, that the
quantum efficiency of luminescence for 632.8 nm

excitation is approximately 6 times higher than for
514.5 nm excitation. So, the PL intensity at 2 mW
He—-Ne laser excitation was about the same as it was
with a 12 mW Ar-laser excitation.

Curves 1 and 2 in Fig. 6 show the optical reflec-
tivity spectra R(E) measured from the ab plane of a
sample at 300 K in polarized light. With the energy
exceeding 1.7 eV the absorption coefficient K of the
light in the sample is larger than 1000 cm ™', and the
reflection of the light from the back surface of the
sample can be neglected (the sample thickness was
about 20 wm). In this energy range curves 1 and 2
correspond to the directly measured reflection coeffi-
cient R _(E). In the energy range E <1.7e¢V the
absorption coefficient K is not very high and the
reflection from the back surface of the sample should
be taken into account. In this energy range we have
measured both the reflection coefficient R (E) and
the absorption spectrum K(£), and the reflectivity
R(E) of the sample was calculated from R (E) and
K(E) using well known formula for multiple reflec-
tions. The parts of the spectra where this procedure
was applied are shown in dashed line. Since the
sample was rather thick (about 20 um) we failed to
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Fig. 6. Reflectivity spectra of BTX-C,-CS, crystal (curves I
and 2) and Cg; crystal (curve 3) measured at 300 K. Curve | - the
angle between light E vector and a vector is 30°, curve 2 is in
perpendicular polarization. Insert shows the optical absorption
spectrum (solid curve) and reflectivity spectrum (dashed curve) in
Ceo crystal.
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measure the light absorption coefficient K at the
energy higher than 2 eV. Curve 3 in Fig. 6 is the
optical reflectivity spectrum of C,, crystal, shown
for comparison.

As one can see, the reflectivity spectra of BTX -
Cq - CS, differ strongly from the one of a Cg,
crystal. As contrasted from Cg, crystals, the optical
properties of BTX - C¢, - CS, sample are strongly
anizotropic, that is quite natural, taking into account
the low symmetry of this crystal. We have found that
reflection in the energy range 1.3 to 3 eV is most
intensive when the light electric field is in the direc-
tion 30° deviated from the a axis in the a-b plane.
Curve 1 shows the reflectivity spectrum measured in
this polarization, while curve 2 is the spectrum mea-
sured in the perpendicular polarization of light. Note,
that the direction of the maximal optical reflectivity
corresponds to the projection of the shortest
BTX...C¢, contacts on the ab plane.

4. Discussion

The electronic properties of fullerenes and
fullerene based complexes are still far from clearly
understood. The PL and the optical absorption of
pure C,, crystals have been relatively well studied
experimentally during the last few years (see, for
example [19-26]), but there are still many open
questions in the interpretation of the results. For
example, it remains a question as to what extent the
intermolecular interaction can break the molecular
optical selection rules. It is also not clear to what
extent it is possible to consider the solid C,, as
one-electron bandlike semiconductor with 4, — de-
rived valence band and the 7, — derived conduction
band. Since the allowed energy bands are rather
narrow in these crystals (of the order of 0.5 eV), the
Coulomb correlation and the lattice relaxation effects
(as well as the lattice disorder) can make a very
important contribution to their electronic properties.
In the frame of one-electron bands approximation,
the band gap in a C,, crystal is about 2.3 eV,
according to the photoconductivity measurements
[24]. Then the PL should be attributed to recombina-
tion of the Frenkel singlet excitons [19,20,24]. The
electron-hole interaction energy is therefore very
large (about 0.4 eV) and the exciton is strongly

localized on a single molecule. It means that this
exciton can be considered as one of excited states of
C¢ molecule in a crystal and recombination of the
exciton corresponds to electronic transition from this
excited state of C¢, molecule to the ground state. A
typical optical absorption spectrum that we have
measured by a standard transmission technique on a
crystalline C, film is displayed in inset in Fig. 6 by
the solid curve (the dashed curve in the inset shows
the reflectivity spectrum of Cg, crystal) This spec-
trum agrees well with the numerous data of the other
authors (see, for example, [20—24]). As one can see,
an intensive optical absorption in solid Cg, indeed
starts with the energy about 2.3 eV, but some absorp-
tion ‘tail’ exists starting with 1.7 eV. One can sup-
pose that the “tail’ corresponds to the excitation of
Frenkel singlet excitons. This agrees with the PL
excitation spectra reported in [24].

The PL spectrum in the C, (see Fig. 4A) have a
complicated structure consisting of many lines, at-
tributed in [19-22] to vibronically assistant optical
transitions (false origins). Different lines in spectra
correspond to the excitation of different intramolec-
ular vibrations of C,, that accompany the photon
emission during recombination of Frenkel exciton.
For example, the authors of [22] describe the PL
spectrum observed in their experiments by a super-
position of 15 different false origins (see Table 1 in
[22]). In some Cg, crystals the additional lines in the
PL spectra can be observed due to the presence of
shallow exciton traps (X-traps) [23,26].

The interaction between molecules in Cgy-based
crystals is usually very weak compared to the inter-
atomic interaction in the Cg, molecule and, there-
fore, it can not influence strongly the vibronic fre-
quencies of the C,, molecule itself. So, we can
suppose that the vibronic related structure of the PL
in the BTX - C(, - CS, crystal should be similar to
that in the C,; crystal. As one can see in Fig. 4A, the
PL spectrum of the BTX-C,,-CS, at 10 K is,
indeed, much like the spectrum of the Cg, crystal,
but all the lines are red shifted by about 0.16 eV. To
make the comparison easier, in Fig. 4B the PL
spectrum of C, (dashed curve) is shifted to low
energy by 0.16 eV. (See also the Table 2 where the
energy positions of the most resolved PL lines are
listed for the BTX-Cgq -CS, and Cgq, crystals).
Therefore, by analogy with C,, crystals, we can
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conclude that the PL in the BTX - Cy; - CS, is mainly
stipulated by the recombination of Frenkel singlet
excitons associated with the C,, molecules, but the
exciton energy is decreased by about 0.16 eV due to
the interaction between the Cy, and BTX molecules.
The optical reflectivity spectra also show the shift of
characteristic lines in the BTX - C,, - CS, compared
to the C,, crystal. As one can see in Fig. 6, the
reflectivity peak observed in the C, at about 1.8 eV
is shifted to 1.6—1.5eV in the BTX - C,; - CS,. If we
suppose that this reflection corresponds to the singlet
exciton band, then this correlates reasonably well
with the PL data. The reflection peak at about 2.3 eV
in C4,, which is supposed to be connected with
band-to-band optical transitions, is also shifted to the
energy of about 2.0-2.1 eV in the BTX - Cy, - CS,.
Note, that two additional peaks at 2.4 and 2.8 eV,
existing on curve 2 in Fig. 5, were also observed in
the BTX crystal. So, they probably correspond to
some electronic transitions in the BTX molecules
and have nothing to do with the Cg,.

The reason for the strong (compared to the Cg,)
temperature dependence of the PL in the BTX - Cg, -
CS, remains unclear. The dependence of PL inten-
sity on temperature reflect the temperature depen-
dence of the value Wy - rg/(ry +ry), where rg is
the rate of optical transitions from the excited state,
corresponding to Frenkel singlet exciton, to the
ground state, while ry is the rate of non-radiative
transitions from the same excited state (including the
singlet to triplet exciton conversion). The Wy is the
probability of Frenkel singlet exciton generation af-
ter absorption of photon, used for PL excitation. In
case of Ar-laser excitation, the photon energy is
about 2.4 eV. This energy is high enough to excite
the system to electronic states, other then the elec-
tronic state responsible for photoluminescence. After
photon absorption the system relaxes with the proba-
bility Wy to the Frenkel singlet exciton, but there is
some probability (1 — W) for relaxation to some
other states that give no contribution to photolumi-
nescence. For example, the intermolecular charge-
transfer can be excited. In one-electron bands ap-
proximation we can say that the 2.4 ¢V photon excite
the transitions from ‘valence’ band to ‘conduction’
band, creating ‘free’ holes and electrons, that can
move to some electron and hole traps. Therefore, the
decrease of PL intensity with increasing temperature

can be associated with both, the increase of ry and
decrease of Wy. The ry can increase, for example,
due to thermally activated diffusion of excitons to
the nonradiative recombination centers. The decrease
of Wy can be related to thermally stimulated charge
transfer processes. Note that in case of BTX - Cy, -
CS, crystals, the BTX molecules can be involved to
charge transfer reactions. For example, the hole from
the HOMO-derived level of excited Cg, can recom-
bine with the electron from the BTX donor level,
producing BTX™. Then the electron from Cg, can
jump to the empty donor level of the BTX™ ion. It
seems obvious, that the Wy should depend on the
photon energy, used for PL excitation. Indeed, we
have found that the PL quantum efficiency is about 6
times higher for He—Ne laser excitation, compared
to Ar-laser excitation. We can suppose that this is
due to the dependence of W on photon energy, so
that the Wy for 1.96 eV excitation is 6 times larger
than for 2.4 eV excitation. As one can see in Fig. 5,
the temperature dependence of PL intensity for 1.96
eV excitation differs from one measured at 2.4 eV
excitation. It means that the temperature dependence
of Wg makes some contribution to the dependence
of PL intensity on temperature, but the contribution
of ry to this dependence can not be excluded. So,
the additional measurements are necessary to clarify
the mechanism of temperature dependence of PL.

This work has been performed under the program
‘Fullerenes and atomic clusters’ of the Russian
Foundation for intellectual cooperation.
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