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Crystal structure and luminescence properties of
4-(4-benzoyloxy-2-hydroxyphenyl)-2,2-difluoro-6-phenyl-1,3,2-dioxaborine
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The crystal structure of 4-(4-benzoyloxy-2-hydroxyphenyl)-2,2-difluoro-6-phenyl-1,3,2-
dioxaborine (1) was determined by X-ray diffraction analysis. n—n-Stacking interaction be-
tween the molecules results in joining the molecules into a three-dimensional layered frame-
work. Luminescence of the aggregates is observed in concentrated solutions of compound 1.
Two routes of excimer formation in crystal were revealed by steady-state and time-re-
solved luminescence spectroscopy: via excitation of single molecules and via excitation of

aggregates.

Key words: boron difluoride pB-diketonates, crystal structure, stacking factor, excimer.

Boron difluoride B-diketonates have first been synthe-
sized at the beginning of the XX century.! Increasing in-
terest in this class of compounds is observed?—4 presently
due to a permanent extension of the sphere of their appli-
cation as laser dyes,’ active components of solar collec-
tors,® photosensitive components of materials for electro-
photography,’-% materials for nonlinear optics,? and or-
ganic photodiodes.!? Therefore, investigation of the spec-
tral luminescence properties of boron difluoride p-diketo-
nates is an urgent task.

We have previously shown that the introduction of
the methyl substituent into the phenyl ring of boron di-
fluoride benzoylacetonates!! and dibenzoylmethanat-
es!2? substantially changes the crystal packing and, as
a consequence, the luminescence properties of the crystals.
In continuation of these works, we studied the inter-
relation between the crystal structure and luminescence
properties of 4-(4-benzoyloxy-2-hydroxyphenyl)-2,2-di-
fluoro-6-phenyl-1,3,2-dioxaborine (1), viz., dibenzoyl-
methanate bearing the bulky substituent (oxybenzoic
group) in the para-position. The spectral luminescence
properties of solutions with different concentrations and
crystals of compound 1 were studied in comparison.
The study of the luminescence properties of compounds
with a high luminophore content is of special interest,
since this class of compounds is characterized by the for-
mation of excimers, 13~ resulting in the enhancement of
photostability of boron difluoride p-diketonates in the
polymer matrix and an increase in the luminescence in-
tensity of the related polymer compositions under UV ir-
radiation. 16.17

Experimental

1-(4-Benzoyloxy-2-hydroxyphenyl)-3-phenylpropane- 1,3-di-
one was synthesized similarly to o-hydroxydibenzoylmethane us-
ing a known procedure!3 in two stages.

(1) A mixture of 2,4-dihydroxyacetophenone (15.2 g), benzo-
yl chloride (35 g), and pyridine (30 mL) was heated in a water
bath for 30 min. Then 10% hydrochloric acid (100 mL) was
added to the reaction mixture. The product was extracted with
ethyl acetate, and ethyl acetate was distilled on a rotary evapo-
rator. 2,4-Dibenzoyloxyacetophenone that formed was recrys-
tallized from isopropyl alcohol. The yield was 22.32 g (62.0%).
Found (%): C, 73.27; H, 4.38. CyH405. Calculated (%):
C, 73.33; H, 4.48. IR (KBr), v/cm™!: 1743 (0—C=0), 1688
(CH3C=0), 1600 (C¢Hs), 1244 (—O—CO).

(2) A solution of 2,4-dibenzoyloxyacetophenone (20 g) in
pyridine (30 mL) was heated to 50 °C, and powdered potassium
hydroxide (5.5 g) heated to 80 °C was added with stirring. The
mixture was stirred for 30 min at 50 °C, and 1-(4-benzoyloxy-2-
hydroxyphenyl)-3-phenylpropane- 1,3-dione precipitated. After
cooling, the pasty reaction mixture was dissolved in 10% acetic
acid (100 mL). The precipitate was filtered off, washed with
water, and recrystallized from isopropyl alcohol. The yield was
15.42 g (77.1%). Found (%): C, 73.47; H, 4.56. C5yH,405. Cal-
culated (%): C, 73.33; H, 4.48. IR (KBr), v/cm~!: 3700 (O—H),
3604 (O—H--0), 1743 (0—C=0), 1629 (C=0), 1600 (CzHjs),
1589 (C=CH—CO).

4-(4-Benzoyloxy-2-hydroxyphenyl)-2,2-difluoro-6-phenyl-
1,3,2-dioxaborine (1). A mixture of 1-(4-benzoyloxy-2-hydr-
oxyphenyl)-3-phenylpropane-1,3-dione (2.4 g) and boron tri-
fluoride etherate (1.9 mL) in toluene (20 mL) was refluxed for
5 min. The precipitate formed was filtered off, dried in air, and
recrystallized from acetonitrile. The yield was 0.64 g (23.70%),
m.p. 145—146 °C. Found (%): C, 64.82; H, 3.58. C;,HsBF,0s.
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Calculated (%): C, 64.74; H, 3.70. IR (KBr), v/em™!: 3196
(O—H--0); 1741 (0—C=0); 1598 (C¢H5); 1531 (C=CH—CO);
1141, 1107 (B—0); 1043, 1022 (B—F).

Absorption spectra were recorded on a Shimadzu UV-2550
spectrometer in 10-mm cells and between quartz glasses at
a concentration of 6 « 10~3 mol L~!. Excitation and luminescence
spectra were detected on a Shimadzu RF5301 instrument in cells
of 10 and 2 mm thick at the standard arrangement of the sample,
in a 1-mm cell, and between quartz glasses at the frontal ar-
rangement of the sample. The luminescence decay kinetics was
measured on a FluoTime 200 laser picosecond spectrofluorime-
ter (PicoQuant) (4., = 370 nm). The frontal arrangement of the
sample was used for a solution (C= 103 mol L~!) and powder of
compound 1. IR spectra were recorded on an IRAffinity-1 Shi-
madzu spectrometer.

X-ray diffraction analysis of compound 1. The full X-ray dif-
fraction study of yellow-colored compound I was performed on
a SMART-1000 CCD diffractometer (Bruker) at 296(2) K using
Mo-Ko radiation. Experimental data from the sample were col-
lected by three groups (906 frames each) at the angles ¢ = 0.90
and 180° in the ¢ scan mode with an increment of (0.2° and an
exposure of 20 s per each frame. The unit cell parameters were
refined and the integral intensities were recalculated to structur-

Table 1. Crystallographic data and details of X-ray diffraction
experiment for compound 1

Parameter 1

Empirical formula CypH 5BF,05

/K 296
Molecular weight 408.15
Space group Pl
a/A 7.460(2)
b/A 9.446(2)
c/A 14.223(3)
a/deg 73.656(4)
B/deg 87.805(4)
y/deg 74.706(4)
Z 2
dgyo/g cm3 1.462
p/mm~! 0.115
F(000) 420
Crystal size/mm 0.30x0.20x0.13
0 range of data collection/deg 2.33—-25.10
Ranges of reflection indices —8<h<8, -11<k<l1l,
—-l6<I1<16

Measured reflections 9476
Independent reflections 3292
Rint 0.0347
Completeness for 6 = 25.10° (%) 99.6
Number of reflections with I > 2a([) 1844
Number of refinement variables 276
Googness-of-fit 0.988
R-factors for I > 2o([1):

R, 0.0427

wRy 0.866
Extinction coefficients 0.0057(9)
Residual electron density

(min/max)/e A=3 —0.305/0.331

Table 2. Selected bond lengths (d) and bond angles (o) in
compound 1

Bond d/A Angle m/deg
B—F(2) 1.335(3) F(2)—B—F(1) 111.9(2)
B—F(1) 1.359(3) C(1)—0O(1)—B 124.0(2)
B—0(2) 1.463(3) C(3)—0(2)—B 123.9(2)
B—O(1) 1.485(3) O(1)—C(1)—C(2) 119.2(2)
Oo(H)—C(1) 1.314(2) C(3)—C(2)—C(1) 121.3(2)
0(2)—C(3) 1.307(2) 0O(2)—C(3)—C(2) 120.5(2)
0(3)—C(22) 1.354(2) O2)—C(3)—C(11) 114.6(2)
0O(3)—H(3) 0.94(3) O()—C(1)—C(21) 115.1(2)
C(1)—C(2) 1.381(3)

C(1)—C(21) 1.458(3)

C(2)—C(3) 1.374(3)

C(3)—C(11) 1.434(3)

al amplitude module using the SMART program package.!® The
structure was determined by a direct method followed by the
refinement of positional and thermal parameters in the anisotropic
approximation for all non-hydrogen atoms using the SHELXTL
PLUS program package.?® The position of the H(3) hydrogen
atom of the OH group was obtained from the electron density
distribution synthesis in the cell and refined as an independent
one without bond restraint. The positions of other hydrogen
atoms were revealed from the electron density syntheses but
gave no basic novelty. The calculated and refined by the riding
model positions with the C—H distance equal to 0.93 A were
used for the further work.

The main crystallographic parameters of the studied sam-
ples, characteristics of the X-ray diffraction experiment, and
refinement details of the structure model using least squares are
presented in Table 1. Interatomic spacings and bond angles are
given in Table 2. The structure of molecule 1 and the arrange-
ment of adjacent molecules in stacks are shown in Fig. 1.

The crystallographic information was deposited with the
Cambridge Crystallographic Data Centre (CCDC 910951) and
is available at www.ccdc.cam.ac.uk/data_request/cif.

Results and Discussion

The ligand for the synthesis of complex 1 was obtained
by the acylation of 2,4-dihydroxyacetophenone followed
by the Baker—Venkataraman rearrangement (Scheme 1).
Under the synthesis conditions (potassium hydroxide in
pyridine), only the above rearrangement is observed and,
contrary to expectations, the benzoyl group in the para-
position of 2,4-benzoyloxyacetophenone is not removed
even in a fourfold excess of alkali. Thus, 2,4-dihydroxydi-
benzoylmethanes with the protected hydroxy group in the
para-position can be obtained via the presented scheme.

The synthesized p-diketone is readily chelated by boron
trifluoride etherate (Scheme 2). Compound 1 represents
yellow crystals with green luminescence.

The structure of compound 1 is built of isolated, pre-
dominantly planar molecules similarly to molecules of
boron benzoylacetonate difluoride and its analogs.!1—13
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Scheme 1
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n-n- Stacking interactions between the molecules result in The peculiarities of the structure formation are presented
joining the molecules into a three-dimensional framework. in Fig. 1.

Fig. 1. General crystal structure of molecule 1 (a), the crystal structure with spacings between centroids of overlapped fields (b), and
the fragment of the unfolded layer (c) in crystal structure 1 with the n—n-stacking interaction between the benzoyl groups.
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Scheme 2
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The chelate ring in molecule I and phenyl rings linked
to it lie nearly in one plane, and the benzoyl group is
arranged at an angle of 76° to this plane (see Fig. 1). The
C—C bonds of the chelate are close to sesquialteral
(d=1.38 A), indicating an efficient n—n=-conjugation and
symmetrical electron density distribution in the diketo-
nate cycle, unlike other boron difluoride dibenzoylmetha-
nates with different substituents in the phenyl rings where
the C—C bonds of the chelate are nonsymmetrical.2!-22
The ordinary C—C bonds in compound 1 between the
chelate and phenyl rings are shortened (C(21)—C(1) 1.458 A,
C(3)—C(11) 1.464 A), indicating the T=—n-conjugation
between the chelate and phenyl rings. The =—n-conjuga-
tion in molecule 1 is stronger than that in boron difluoride
dibenzoylmethanate!3:22 (ordinary bond 1.474 A) and
comparable with the n—n-conjugation in boron difluo-
ride dibenzoylmethanate having different substituents in
the phenyl rings2!-22 (1.45—1.46 A). The hydroxy group
in compound 1 is bound through the intramolecular
hydrogen bond to the oxygen atom of the chelate
(0(3)—H(3)--0(1), d(0(3)—0 (1) = 2.553(2) A,
d(0(3)—H(3) = 0.94(3) A, d(H(3)--0(1) = 1.71(3) A,
Z0(3)—H(3)—O0(1) = 148(1)°). The C(1)—0O(1) and
C(1)—B bonds are elongated compared to the symmetri-
cal C—O and C—B bonds of the chelate ring due to the
action of the hydrogen bond on the O(1) atom from the
hydroxy group: d(C(1)—0(1)=1.314(2) and d(O(1)—B) =
= 1.485(3) A compared to d(C(3)—0(2) = 1.307(2) and
d(0(2)—B) = 1.463(3) A, respectively.

Molecules 1 multiplied by symmetry centers and trans-
lations along the crystallographic axis b are arranged in
stacks of oriented rigidly parallel molecules. The action of
the symmetry center of the type (0.5, 0.5, 0.5) results in
the paired (in direction [012]) arrangement of adjacent
molecules above each other with unfolding by 180° and
a distance between the planes of 3.668 A. This arrangement
of the molecules is accompanied by the n—n-stacking in-
teraction between both chelate and phenyl rings of these
molecules with the distances between the centroids equal
to 4.053 and 4.221 A, respectively (see Fig. 1, b). These
pairs of molecules are reflected in the symmetry center of
the (0.5, 0, 0.5) type and packed in infinite and somewhat
skewed in the direction of the crystallographic axis ¢ stacks
by the formation of the n—n-stacking interaction between
the phenyl rings from the attached benzoyl groups of the

Ph 0.
SR ad
— 0
OH

molecules. The distance between the planes of the phenyl
ring C(21)—C(26) and its reflection in the symmetry center
C(21)'—C(26) " in the site of their overlapping is 3.410 A
at the distance between their centroids equal to 3.696 A
(see Fig. 1, b).

A peculiarity of the formation of the crystal structure
of compound 1 is the fact that the benzoyl groups ar-
ranged at an angle of 76° to the major plane of the mole-
cule and multiplied in the direction of the crystallographic
axis a by the symmetry centers (0, 0, 0) and (0.5, 0, 0)
form an infinite stack of parallel phenyl rings with the
n—n-stacking interaction between them. The parameters
of this interaction provide distances between the centroids
in the sites of overlapping of 3.432 A and 3.492 A between
the phenyl ring planes C(31)—C(36) multiplied by the
method indicated above at two crystallographically inde-
pendent distances of 3.692 and 3.769 A, respectively (see
Fig. 1, ¢). This peculiarity of structure formation repre-
sents infinite layers of paired molecules 1 parallel to the
plane (011) (see Fig. 1, b). The three-dimensional frame-
work of structure 1 can conveniently be presented by the
conjugation of these layers by the n—n-stacking interac-
tion between the C(21)—C(26) phenyl rings and their re-
flection in the symmetry centers.

Crystals 1 have an intense green luminescence, unlike
the aquamarine luminescence of solutions of compound 1
in organic solvents. The luminescence spectrum of the
crystals exhibits a bathochromic shift relatively to the spec-
trum of the solution (for the crystals, A,,, = 535 nm; for
the solutions at C= 10—3—10~% mol L-1, &, = 470 nm).
This noticeable shift of the luminescence band maximum
on going from the solution to crystals is caused, most
likely, by different natures of the luminescence centers in
solutions and in crystals. To elucidate the nature of the
luminescence centers, we studied the excitation and lumi-
nescence spectra of crystals and solutions of compound 1
in acetonitrile at different concentrations (Figs 2, 3).

Monomeric luminescence with A, =470 nm obeying
the Bouguer— Lambert—Beer law is observed for solutions
with the concentration 10~ mol L-! and lower. The
luminescence decay kinetics is monoexponential
(r = 0.93 ns). For monomeric luminescence, the excita-
tion spectrum almost coincides with the absorption spec-
trum (see Fig. 2). As it should be expected, luminescence
quenching is observed when the concentration of the solu-
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Fig. 2. Absorption (7), excitation (2), and luminescence (J3) spectra PP ‘.."""':-'. ey
of solutions of compound 1 in acetonitrile (C= 10~ mol L~1). 450 500 550 600 650 A/nm
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Fig. 3. Normalized absorption spectra ( /), excitation spectra at
Areg = 470 (2) and 520 nm (J), and luminescence spectra at
Aex = 370 (4) and 450 nm (5) of a solution of compound 1 in
acetonitrile (C = 0.006 mol L—!) at the perpendicular arrange-
ment of the cell.

tion increases: the integral luminescence intensity (A, =
= 470 nm) decreases by 30 times as the concentration
changes from C = 5-103 to 10~3 mol L~! and excitation
is carried out at the absorption maximum with A., = 383 nm
(Fig. 4). In this case, the excitation spectrum exhibits only
low-intensity bands in a region of 370—400 nm and an
intense narrow band with a maximum at 450 nm (see Fig. 3).
It was found that the change in the exciting wavelength by
450 nm results in a twofold decrease in the luminescence
intensity of the concentrated solution compared to that of
a dilute solution (10—5 mol L-!), but the bathochromic
shift of the luminescence band maximum (A, = 520 nm)
(see Fig. 4). The dependence of the efficiency of the con-
centration quenching on the exciting wavelength was ex-
plained?? by the formation of intermolecular aggregates
excited by a wavelength different from the wavelength of
the absorption band maximum of single molecules.

In fact, when the concentration increases to
5-10—* mol L-1, the excitation spectrum is transformed

Fig. 4. Concentration quenching of luminescence of solutions
of compound 1 in acetonitrile at concentrations of 10~3 (1),
5+10~*(2), and 0.006 mol L~! (Aex =370 nm) (3); 0.006 mol L~
(Aex = 450 nm) (4).

into a narrow band with a maximum at 430 nm, which
undergoes the bathochromic shift to 450 nm with the fur-
ther increase in the concentration to 6+ 10~3 mol L~! (the
measurements were carried out in a Shimadzu cell for
concentrated solutions). The observed evolution of the ex-
citation spectra with an increase in the concentration of
compound 1 in solution (transformation of the spectrum
into a narrow band bathochromically shifting relatively to
the spectrum of the monomers and the bathochromic shift
of the maximum with an increase in the concentration) is
similar to the changes that occur in the absorption and
luminescence excitation spectra of the J-aggregates,24—26
In the absorption spectra of compound 1, unlike solutions
of polymethine dyes, no considerable changes are observed
with concentrating (see Figs 2 and 3).

The decrease in the luminescence intensity of single
molecules at high concentrations in solution can be due to
the internal filter effect or to the formation of molecular
aggregates. When studying the nature of concentration
quenching of the luminescence of the rhodamine dyes, it
was mentioned?’ that the deformation of the electronic
absorption spectra upon association depends substantially
on the force of the intermolecular interaction in the asso-
ciate and the general spectrum remains almost unchanged
at low degrees of association. In the case of compound 1,
the changes in the excitation and luminescence spectra
with an increase in the concentration that are not accom-
panied by the deformation of the absorption spectra can
be related to both the formation of weakly bound associ-
ates similar to those described earlier?” and to the internal
filter effect for monomeric luminescence with a simulta-
neous increase in the number of new luminescence centers
excited by another wavelength. The spectral luminescence
properties of concentrated solutions of compound 1 were
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studied in detail to reveal the nature of the long-wave-
length luminescence observed in these solutions.

A thin cell and frontal arrangement of the sample are
usually used for spectra recording in the studies of the
luminescence properties of the samples with a high absor-
bance (C = 5-10~*—6-10~2 mol L~!). The study of the
luminescence properties of a concentrated solution of com-
pound 1 (6-10=3 mol L~!) in thin films between quartz
glasses at the frontal arrangement of the sample showed
that the absorption spectra and the excitation and lumi-
nescence spectra correspond to the spectra recorded for
a dilute solution. Therefore, the decrease in the intensity
of the monomeric luminescence band with an increase in
the concentration of compound 1 is mainly associated
with the internal filter effect. When only the internal filter
effect acts, an increase in the absorbance should result in
a smooth decrease in the excitation spectra intensity and
its shift to the hypsochromic region.?® The luminescence
intensity remains unchanged for the complete light ab-
sorption at all wavelengths (the excitation spectra should
represent a straight line).2? In this case, the position of the
luminescence maximum should not depend on the excit-
ing wavelength. However, in our case, an increase in the
optical path length, which was attained by using the cell
with a thickness of 0.1 cm at the frontal arrangement of
the sample, results in the long-wavelength shift of the
excitation and luminescence spectra (Fig. 5). The mono-
meric luminescence bands in the excitation spectra dis-
appear and only a narrow intense band at A, = 450 nm
remains when the spectra are recorded in a thin cell at the
perpendicular arrangement of the source and photoreceiver
(see Fig. 3).

The dependence of the excitation and luminescence
spectra on the optical path length at the frontal arrange-
ment of the sample and a sharp change in the excitation

I (rel. units)
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300 F

200 |

100

250 300 350 400 450 500 550 600 650 */nm

Fig. 5. Excitation spectra at A, = 470 (1) and 520 nm (2) and
the luminescence spectra at A, = 420 (3), 430 (4), and 440 nm (5)
of a solution of compound 1 in acetonitrile (C = 0.006 mol L)
at the frontal arrangement of the cell (1 mm thick).

spectra when the spectrum is recorded in a thin cell at the
perpendicular arrangement, as well as the dependence of
the position of the luminescence spectra maximum and
the efficiency of concentration quenching on the exciting
wavelength, indicate that the concentrated solution con-
tains the second luminescence center caused by a weak
dissociation of the molecules. The dependence of the ex-
citation spectra on the registration wavelength proves that
there are two luminescence centers in a saturated solution
of compound 1 (see Figs 3 and 5). Indeed, as shown previ-
ously for a dilute solution (C= 10~ mol L), the excita-
tion spectra nearly coincides with the absorption spec-
trum. However, as can be seen from Fig. 3, the low-inten-
sity bands related to the excitation of monomeric lumi-
nescence and corresponding to the absorption spectrum
remain in the short-wavelength region of the excitation
spectrum of a concentrated solution of compound 1 at the
same registration wavelength (470 nm). A new narrow
band appears simultaneously in the excitation spectrum at
Apax = 450 nm. The intense green luminescence with
a maximum at 520 nm is observed upon excitation with
Ao =450 nm. When the excitation spectrum is recorded at
a wavelength of 520 nm, the bands corresponding to the
absorption spectrum disappear from the spectrum and only
a narrow band (A,,, = 450 nm) is observed (see Fig. 3).
Only weak luminescence with the band maximum at
470 nm related to the luminescence of single molecules is
detected for a concentrated solution of compound 1 upon
excitation with A, = 370 nm (absorption band maximum).
The lifetime of the excited state (for laser excitation with
Aex = 370 nm) is approximated by one exponential curve
being 0.95 ns, which is characteristic of the monomeric
luminescence of compound 1. The ratio of luminescence
intensities at different exciting wavelengths is 15 : I379~ 15.

It should be emphasized that the possibility of observ-
ing the monomeric luminescence spectrum in a concen-
trated solution at the perpendicular arrangement of the
cell and the difference in excitation spectra at different
registration wavelengths show that the bathochromic shift
of the luminescence maximum cannot be attributed only
to self-absorption of compound 1 in a concentrated solu-
tion. The increase in the luminescence intensity with
a change in the excitation wavelength from 370 to 450 nm
indicates the formation of brightly luminescing associates
in the solution. The excitation spectrum of these asso-
ciates lies at the edge of the absorption spectrum of the
luminophore in the region with a low absorbance. Since
there are no differences in the spectral luminescence prop-
erties of the concentrated solution in a thin layer between
the glasses and a dilute solution, it cam be concluded that
the concentration of the associates in solution is low.
The number of the associates in the path of the light beam
increases with an increase in the cell thickness, result-
ing in changes in the excitation and luminescence spectra
(see Fig. 5).
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Table 3. Shift of the position of the luminescence maxi-
mum (Ay,,) at diffent exciting wavelengths (A,) under
different conditions of spectra recording

Agy/HM Amax/HM

Ie 11t I1¢
380 470 — 466
400 481 — 468
420 483 480 —
430 486 486 —
440 483 495 —
450 520 505 —

@1 is the perpendicular arrangement of the cell.

b 11 is the frontal arrangement of the cell.

¢ I1I indicates a solution between the glasses at the fron-
tal arrangement of the sample.

The observed pattern is probably similar to the "Weber
red-edge effect,” the essence of which is the bathochromic
shift of the luminescence maximum and a decrease in the
luminescence depolarization upon low-frequency excita-
tion. The Weber effect is associated with the excitation of
"long-wavelength" luminescence centers, whose number
of small because of the fluctuation character.2%-30 The
"long-wavelength centers” are formed due to the excita-
tion of a considerable number of molecules in the charge-
transfer state.3'—34 Note that the intense band in the exci-
tation spectra of a concentrated solution of compound 1
lies at the long-wavelength edge of the absorption spec-
trum (see Fig. 3). The bathochromic shift of the lumines-
cence maximum is observed with a gradual increase in the
excitation wavelength (see Fig. 3, Table 3). No shift of the
luminescence maximum is observed for recording of lumi-
nescence spectra of a solution of compound 1 between the
glasses. Thus, by analogy to the published data,3?—33 the
green luminescence (A,,, = 520 nm) in a concentrated
solution of compound 1 can be assigned to the transition
of a significant number of molecules 1 to the charge-trans-
fer state and to the photoinduced formation of aggregates.

The further bathochromic shift of the excitation and
luminescence maxima occurs on going from a saturated
solution to crystals (Fig. 6). The excitation spectra of the
crystals contains one intense band with a maximum at
470 nm bathochromically shifted relatively to the excita-
tion band of aggregates in solution. Thus, the excitation of
the aggregates occurs mainly in both crystals of com-
pound 1 and its concentrated solution. Indeed, the crystal
structure of stacks of compound 1 corresponds to the struc-
ture of J-aggregates of the "pack of cards" type" 2 consist-
ing of dimers (in this case, the dimer consists of two mole-
cules between which an overlap of the phenyl and p-di-
ketonate rings is observed (see Fig. 1, b)).

For crystals of compound 1, as for concentrated solu-
tion, the excitation spectra maximum corresponds to the
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Fig. 6. Absorption (7), excitation (2), and luminescence (J3)
spectra of crystals of compound 1.

long-wavelength edge of the absorption spectrum (see
Fig. 7). However, unlike concentrated solutions, for crys-
tals no dependence of the luminescence spectra on the
excitation wavelength is observed. The luminescence decay
kinetics of the crystal of compound 1 is approximated by
three exponential curves, and the contribution of the ex-
ponents depends on the wavelength of luminescence reg-
istration (A,): at A, = 470 nm 7, = 1.32 ns (32.99%),
T, = 2.82 ns (49.18%), and t; = 16.80 ns (17.83%); at
Areg=3530nm1; = 1.24 ns (5.25%), 1, = 5.14 ns (51.26%),
T3 = 12.79 ns (43.49%). A significant contribution of the
component with the shortest lifetime related to the lumi-
nescence of single molecule is observed at A, = 470 nm.
An increase in the wavelength of luminescence registra-
tion (530 nm) increases the contribution of the compo-
nent with the longest lifetime related to the luminescence
ofthe excimers. In fact, the transient luminescence spectra
of crystals (Fig. 7) show that two bands at 470 and 530 nm
are observed in the luminescence spectra at the initial mo-
ment, and then the short-wavelength band disappears and
the long-wavelength band undergoes a bathochromic shift

I (rel. units)
30 |

450 500 550 600 650 A/nm

Fig. 7. Time-resolved luminescence spectra of crystals 1 0 (),
0.6 (2), 1.9 (3), and 5 ns (4) after laser pulse excitation.
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by 15 nm. Thus, the laser excitation of the crystal (A, =
= 370 nm) results in the excitation of single molecules at
the initial moment (A,,, = 470 nm), and then excimers
are formed (A, = 535 nm). The crystal structure of com-
pound 1 is favorable for excimer formation (see Fig. 1, b):
the interplanar spacing is 3.5—3.7 A and the n-systems of
the interacting molecules are overlapped.3® Therefore, in
saturated solutions of compound 1 in acetonitrile, the ex-
citation with the light with the wavelength corresponding
to the excitation of single molecules results in monomeric
luminescence. Unlike this, a similar excitation of crystals
of compound 1 results in excimer luminescence.

Thus, we found that the photoinduced formation of
aggregates is observed in concentrated solutions of com-
pound 1. A peculiarity of the crystal structure of com-
pound 1 is presented by two directions of n-stacking inter-
actions; the s—n-interaction of the dibenzoylmethanate
moieties of the molecules is observed via axis a, whereas
the benzoyl groups undergo the n—n-interaction vig axis c.
The stack structure corresponds to the structure of J-ag-
gregates of the staircase type consisting of dimers. Two
routes of excimer formation in crystal were revealed
by steady-state and time-resolved spectroscopy: by the
excitation of single molecules and by the excitation of
aggregates.
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