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Essential differences in the luminescence properties of dibenzoylmethanatoboron difluoride (1) bulk
and microcrystals were detected. Analysis of the spectral data showed that in every case the fluores-
cence spectrum of 1 consisted of three components: monomer fluorescence, excimer fluorescence,
and fluorescence related with interdimer interaction. Evolution of luminescence spectra observed with
decrease of the crystal size are bound with decrease of monomer fluorescence intensity and consider-
able growth of intensity of fluorescence related to interdimer interaction. The presence of reversible
luminescence thermochromism was discovered for 1: lowering the temperature from 300 to 77 K
resulted in essential hypsochromic shift of the luminescence band maximum (∼60 nm) connected
with considerable decrease of the distances between the planes of the neighboring molecules (∼0.1 Å)
that lead to the weakening of interdimer interaction and intensification of monomer luminescence.

KEY WORDS: Dibenzoylmethanatoboron difluoride; fluorescence; luminescence thermochromism; microcrys-
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INTRODUCTION

In recent years, the interest in optical properties of
the nanostructures is growing [1]. The unique properties of
such objects are conditioned in many respects by the elec-
tron processes both in the middle part and at the surface
of the microcrystals [2]. The number of molecules at the
surface and in the middle part become commensurable,
therefore, the role of the surface as a more active compo-
nent grows. It was found in several works [3–5] that lumi-
nescence properties of the molecular microcrystals such
as perylene, pyrene, coronene, and anthracene were size-
dependent and considerably differed from those of the
bulk crystals. The dual emissions are explained by assum-
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ing two emission centers, one in the middle and another
on the periphery of microcrystals. The diffusion lengths
of exciton were estimated for anthracene and perylene mi-
crocrystals from the intensity ratio of two emission bands
[3]. One of the promising lines of search for new per-
spective luminescent materials is the study of molecular-
organized organic systems, including dimers, trimers, and
aggregates of conjugated molecules, whose supramolecu-
lar architecture produces different intermolecular interac-
tions: dimeric (excimeric), interdimeric, and π -stacking
interactions [6,7].

The present paper is the result of our study on the
correlation of the structure and luminescence properties
of β-diketonatoboron difluoride [8–10] and contains a
comparative investigation of the fluorescence properties
of bulk and microcrystals of dibenzoylmethanatoboron
difluoride (1); moreover, the essential dependence of the
luminescence properties on the crystal size and tempera-
ture was detected.
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Fig. 1. SEM image of 1: bulk crystal (a); microcrystal (b) and AFM image of surface of microcrystals (c).

EXPERIMENTAL

Compound 1 was prepared and purified according
to [11], the microcrystals were obtained by grinding the
bulk crystals in an agate mortar. The luminescence spectra
of the crystal were registered at the temperatures 77 and
300 K on a SDL-1 (LOMO) spectrometer (λex = 365 nm).

The identity of the chemical composition and crystal
structure of the bulk and microcrystals was proved by
the19F and11B NMR spectroscopy and X-ray methods.
The NMR spectra were registered on a Bruker Avance
AV-300 spectrometer. The X-ray diffraction patterns of
the samples were recorded on a D8 ADVANCE (CuK
radiation).

The microscopic structure of the powders was stud-
ied on a scanning electron microscope (SEM) LEO-430
and on an atomic force microscope (AFM) (ZAO NT-
MDT, Zelenograd, Russia).

RESULTS AND DISCUSSION

The powder of the bulk crystals consists of the crys-
tals of stretched form, size from 400–10 to 100–5 µm
(Fig. 1a). The microcrystals powder consists of smaller

faceted microcrystals and particles of friable or oval form,
size from 20–1 to 10–1 µm (Fig. 1b). There are the oval
100–10 nm size nanoparticles at the facets of the micro-
crystal (Fig. 1c).

It was found that grinding the crystals of 1 changed
the luminescence color from aquamarine to green (Fig. 2).
Lowering the temperature from −300 to −77 K resulted
essentially in a blue shift of the luminescence spectrum
for both bulk and microcrystals (Fig. 2). For more detailed
analysis of the spectral variations the luminescence spec-
tra of the bulk and microcrystals at −300 and −77 K were
deconvoluted into subcomponents according to Gauss
function by means of MicroCal Origin (Version 7.0) pro-
gram and the result is shown in Fig. 2. It was found that
the luminescence spectrum of 1 in every case consisted
of three components with the maxima at 470, 500, and
560 nm and only their relative intensity was changed.

To refine the nature of the components of the fluo-
rescence spectra of compound 1, we compared the spectra
of the crystals and solutions at different concentrations.
Boron difluoride β-diketonates are characterized by both
the fluorescence of single molecules (in dilute solutions)
and excimers (in concentrated solutions) [9]. As can be
seen in Fig. 3, the band with a maximum at 500 nm is due
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Fig. 1. Continued.
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Fig. 2. Fluorescence spectra of bulk crystals of 1: (a) 300 K, (b) 77 K; fluorescence spectra of microcrystals of 1: (c) 300 K, (d) 77 K.
Experimental spectrum (solid lines); calculate spectrum (step lines); the results of the deconvolution of the spectrum into the subcomponents
(dotted lines).

to excimer fluorescence in concentrated solutions of 1 [9].
The band with a maximum at 470 nm coincides with the
long-wave band in the fluorescence spectrum of a solution
with a low concentration of compound 1. According to
published data [12], the absence of two other fluorescence
bands of single molecules (420 and 444 nm) from the spec-
trum of the crystals can be due to the fact that solutions of
1 contain rotamers with different positions of the Ph rings
relative to the plane of the diketonate cycle (Scheme 1).

Scheme 1

Rotamer formation becomes impossible on going
to crystal 1, because the fluorescence spectrum of the
monomers is transformed into one band with a maximum
at 470 nm, for which the contribution of torsional vibra-
tions is insubstantial [12]. Thus, the first band in the fluo-
rescence spectrum of crystals 1 (470 nm) can be assigned
to fluorescence of the single molecules, the second band
(500 nm) can be attributed to fluorescence of the excimers
themselves, and the third band (560 nm), present only in
crystals, is caused by fluorescence of interdimeric asso-
ciates, which is characteristic of the compounds consisting
of infinite stacks of mutually intersecting molecules [10].

According to these data, the change of the lumi-
nescence spectrum from aquamarine to green as a result
of transition from bulk to microcrystals is related to a
sharp decrease of intensity of the monomer fluorescence
and considerable growth of intensity of fluorescence re-
lated to interdimer interaction (Fig. 2a, and c). Similar
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Fig. 3. Fluorescence spectra of compound 1: (1)—solution in propanol-
2 at 77 K, C=10−4 mol L−1; (2)—solution in chloroform at 300 K,
C=0.9 mol L−1; (3)—crystals at 300 K (Experimental spectrum (solid
line); calculated spectrum (step line)); (4, 5, and 6)—result of deconvo-
lution of the fluorescence spectrum to components

redistribution of intensity of the luminescence spectrum
components with decrease of size of pyrene and pery-
lene crystals (decrease of monomer fluorescence) was ob-
served in [3,13]. According to [3], the excimer emission
centers might be formed on the edge of microcrystals,
where the dislocations exist and the motion of molecules
might be free to take a suitable orientation for the excimer
formation. Unlike pyrene crystals where the distance be-

tween the molecule pairs is about three times as much as
that between molecules within the pair [14], in crystals 1,
one can observe infinite stacks of the parallel molecules
with the same intermolecular distance [9]. More efficient
π -stacking interaction of 1 may promote the delocaliza-
tion of bound exicitonic states over the aggregate (in-
creased interdimeric interaction). Indeed, morphology of
microcrystals 1 surface (Fig. 1b, and c) promotes to the
exciton trap. Excitons, which are generated in the middle
part of the microcrystals 1, may diffuse to the emission
centers in the periphery during the lifetime of the ex-
citon. The centers act as a trap for the exciton and the
emission related with interdimeric interaction appeared.
If the exciton diffusion length is not long enough to reach
the periphery, the monomeric exciton emission will be
observed, since the molecules in the center of the micro-
crystals might be tightly fixed.

It should be noted that the problem of the role of
nanoparticles formed on the microcrystal facets (Fig. 1c)
on dependence of fluorescence properties upon the crystal
size and temperature requires further investigation.

Reversible luminescence thermochromism was de-
tected for both bulk and microcrystals: considerable hyp-
sochromic shift is observed with lowering of temperature
(Fig. 2). It is known that for most organic molecules, the
bathochromic shift of the luminescence maximum is ob-
served when the temperature is lowered [15]. For bulk
crystals of 1, lowering of the temperature from room tem-
perature to 77 K is accompanied by the change of lu-
minescence color from aquamarine to blue. It is seen in

Fig. 4. Infinite stacks of molecule 1 [9]. Selected intermolecular distances in Å at 300 (123) K
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Fig. 5. Schematic potential energy (W) diagram of parallel molecules1M∗ and1M as a function of
intermolecular separation (r). R, R′, repulsive potentials in ground (1M) and excited (1M∗) states; V′,
excimer interaction potential; D′=V′+R′, resultant excimer energy; M0, molecular 0–0 transition; Dm,
peak excimer transition; Rm, R′

m, V ′
m, D′

m potentials at equilibrium excimer separation, rm [16 ].

the luminescence spectra as considerable growth of in-
tensity of the monomer and excimer fluorescence bands
with simultaneous decrease of that related to interdimer
interaction (Fig. 2b, and d). It should be noted that the
decrease of intensity of fluorescence related to interdimer
interaction in microcrystals with decreasing temperature
is not so strong as for bulk crystals.

We have earlier [9] determined the crystal structure
of compound 1. The molecules in the crystal are arranged
as infinite stacks parallel to the c-axis (Fig. 4). The two
types of intersecting molecules alternate within the stacks
of crystals 1. For the first type, the Ph rings of the two
adjacent molecules overlap, and the second case is the

overlap of the β-diketonate and phenyl rings of the ad-
jacent molecules [9]. As a whole, the architecture of the
molecular crystal 1 favors the appearance of stacking in-
teraction.

The unit cell parameters of crystal 1 were measured
at different temperatures. As the temperature decreases,
the a and b parameters reflect their natural decrease in
directions close to the plane of molecules 1, whereas a
considerable decrease in the parameter toward the c-axis
(0.386 Å) reflects a substantial decrease in the distances
between the planes of adjacent molecules in the stacks.
The details of the temperature changes of the intermolecu-
lar distances in 1 are shown in Fig. 4. The figure shows that
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the average decrease of the distance between the planes
of the neighboring molecules is about ∼0.1 Å [8].

The optimum conditions for excimer formation de-
pending on the intermolecular distance r are given in [16].
Figure 5 is a schematic potential energy diagram of a
pair of parallel singlet-excited (1M

∗
) and unexcited (1M)

molecules of the same species as a function of intermolec-
ular separation (r). V′(r) is the excimer interaction poten-
tial of the lowest singlet excimer states1D

∗
. R(r) and R′(r)

are the intermolecular repulsive potentials in ground and
excited states, respectively, and it is normally assumed
that R(r) = R′(r). The resultant singlet excimer energy is

D′ = V ′ + R′

M0 = S0
1 is the1M

∗
energy corresponding to the 0–0 S1–

S0 fluorescence transition, and Dm is the energy of the1D∗

fluorescence maximum. For excimer formation to occur
the parameter

B(r) = M0 − D′(r) = M0 − V ′(r) − R′(r)

= �EDM(r) − R′(r)

must have a positive maximum of B, the1D∗ binding en-
ergy, at r = rm, the equilibrium D separation. Rm, R′

m =
Rm, Vm=Dm and Dm are the potentials at r = rm, so that

B = M0 − Dm − Rm

�EDM(r)=M0−V′(r) is the excimer associative potential,
which must exceed the repulsive potential R′(r) for ex-
cimer formation to occur. At r = rm, �EDM(r) becomes

�EDM = M0 − Dm

the1M∗–1D∗ spectroscopic energy gap.
As seen from the scheme presented, a decrease of

intermolecular separation (r) results in a breach of the
optimum conditions of excimer formation. Decrease of r
in a certain point of the potential curve D′ may result in
isoenergetic transition of excimer state into monomer one.
Thus, the decrease of the intermolecular distance in stack
of 1 with decrease in temperature (Fig. 4) promotes an
increase in the repulsion potential R′ and thereby results
in the growth of monomer fluorescence intensity.

CONCLUSION

The essential differences in the luminescence prop-
erties of the bulk and microcrystals of 1 were found. An
analysis of spectral data showed that the fluorescence
spectrum of 1 in every case consisted of three compo-
nents: monomer fluorescence, excimer fluorescence, and
that related to interdimer interaction. The spectral changes

observed with the decrease of the crystal size are con-
nected with the decrease of intensity of monomer fluores-
cence and considerable growth of fluorescence related to
interdimer interaction.

The presence of reversible luminescence ther-
mochromism was also observed for 1: the temperature
decrease from 300 to 77 K resulted essentially in a hyp-
sochromic shift of the luminescence band maximum. This
shift is due to considerable decrease of the distances be-
tween the planes of the neighboring molecules and results
in weakening of interdimer interaction and strengthening
of the monomer fluorescence.
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