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Crystal Structure and Excimer Fluorescence of Some
Benzoylacetonatoboron Difluorides: Stacking Factor
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The comparative study of the crystal structures of benzoylacetoridig-tpluylacetonato- Z)

and p-ethylbenzoylacetonatoborof)(difluoride was carried out. Correlation of the luminescence
properties of the complexds-3 and their crystal structures was revealed. The excimer formation
in these compounds occurred the most efficiently for the compleglearacterized by the forma-
tion of stacks of molecules, unlike the comp&xwhere individual dimers behaved as excimer-
forming centers. The maximal fluorescence intensity was observed for the c@npleich had

the highest structural ordering.
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INTRODUCTION EXPERIMENTAL

To date, the photophysical and photochemical be- Benzoylacetonatoboron difluoridd)(was pre-
havior of diluted solutions of sonfe-diketonatoboron ~ Pared and purified according to ref. [@t.Toluylace-
difluorides has been studied extensively [1-5]. However, tonatoboron difluoride2) andp-ethylbenzoylacetona-
only a few works are devoted to the correlation of the toboron difluoride 8) were prepared and purified
crystal and molecular structures pfdiketonatoboron ~ according to reference [10]. Crystals of compouBds
difluorides with their spectral properties [6-8]. and3 were prepared by crystallization from a butanol-

The present work describes the results of the fluo- 1-acetonitrile (3:1) mixture. Concentrations of the
rescence and photochemical properties studies of benfompoundsl-3 solutions in chloroform are shown in
zoylacetonatoboron difluorides with alkyl substitutes in Table 1. Luminescence end excitation spectra of the

the phenyl ring (Scheme 1) and their crystal structures. crystal compounds were registered at the temperatures
77 and 300 K on the device constructed on the basis

of an SDL-1 spectrometer (Lomo, Russig) & 365 nm).
The fluorescence spectra of the solutions were recorded
on a JASCO FP-550 spectrometer (Japag)= 365 nm).

R

O':r ‘.O The complete Xay study was performed on a SMART-
g7 1000 CCD instrument (Bruker, Madison, WI) using Mo
¢ O Ka radiation. Accumulation of the data, their correc-

Scheme 1 Chemical structures of the compourids3 tion, refinement of the unit cell parameters, and recalcu-
1:R=H:2 R=CHs 3 R = CHs lation of the integral intensities into the structural am-

. _ _ plitude modules were made according to known
Institute of Chemistry, Far-Eastern Branch of the Russian Academy programs [11, 12]. The crystal structure was solved

of Sciences. 159 prosp. 100-letiya Vladivostoka, 690022 Vladivos- . . . .
tok, Russian Federation. by the direct method with the following refinement of

2To whom correspondence should be addressed. Fax: 007(4232)311he positional and thermal parameters in the anisotropic
889. E-mail: gev@ich.dvo.ru approximation for all the nonhydrogen atoms by known
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Table I. Spectral Properties df-3

. Fluorescence of crystals
Fluorescence of solutions

Concentration (mol-F) (Amax/NM) 300 K 77 K
Compound C, C, Cs C C, Cs \q (Nm) lreal" Aq (nm) lreal’
1 0.2 0.016 0.0013 475 400, 423, 480 A0M@3 450 1 461 1
2 0.045 0.018 0.0036 400, 443 395, 440 400 444, 494 2 450, 485, 501 1.45
3 0.036 0.0033 0.00027 426466 426, 472 426, 475 475 1.3 453 0.48

2The wing.
b The integral intensity of at the respective temperature is used as the fluorescence intensity unit.
¢The decomposition of the fluorescence spectrum into its subcomponents was carried out by means of MicroCal Origin (Version 5.0).

programs. Although the hydrogen atom positions were The intensity of the fluorescence band in the short-
determined by the electron density syntheses, in fur-wave part of the spectrum reduces with the increase of
ther study, the data calculated and refined by meansl-3concentration in the solution and, simultaneously, a
of the ridering model were used. broad structureless fluorescence band appears and in-
The main crystal parameters of the samples, thecreases in the long-wave region (Fig. 1). Similar changes
X-ray diffraction data, and the structural model refine- can be observed in the fluorescence spectra with the con-
ment details carried out by the least-squares methodcentration increase when excimer formation takes place
aregiven in Table II. [8,13]. The UV spectra of the crystal complexand its
diluted solution measured in ref. [6] have similar max-
ima of the absorption bands that excludes a possibility
RESULTS AND DISCUSSION of aggregation of molecules in the ground state and en-
ables one to assign a long-wave band in the fluorescence
The fluorescence spectra of all crystal compounds SPectra of the concentrated solutions to the excimer flu-
and their chloroform solutions of various concentrations orescence and a short-wave band to the monomer fluo-

were recorded at 77 and 300 K (Table I, Figs. 1-3). ~ rescence, respectively. A similar situation (existence of
short-wave monomer fluorescence and long-wave eximer

fluorescence) is observed farand 3 as well. As seen
from Table | data, the maximums of monomer fluores-
Table Il. Summary of Crystallographic Data farand3 cence positions for solutions with concentrati@asnd
C; are close to each other. Similarly, maximum values

2 3 of the eximer fluorescence barntis3 are close for solu-
Formula G1H.,BF,0, Ci,H1BF,0
M 224.01 237.03
Crystal system Orthorhombic Monoclinic .
Space group Pca2 c2c Vrel.units
a(h) 22.673 (3) 19.462 (3)
b (A) 6.8267 (9) 12.179 (2) (b) ~7>s
c(A) 7.1022 (9) 13.386 (2) 7 ~ N
B () 129.813 (2) (a) N
V (A% 1099.3 (3) 2437.2 (5) ' N
Z 4 8 \\ \,\
T (K) 296 (2) 296 (2) RN
p(mmY) 0.112 0.105 YoON
Unique reflections 4734 3281 N
collected \ \,
Observed data 131&R(, = 0.0581) 1009R,= 0.0229) Y N
[l > 20(1)] (c ' \,
Data/parameters 1314/148 1009/157 F . \ N
Final R1, wR2 indices 0.0375,0.0743 0.0512, 0.1536 Vs ' MM
[l >2a()] T T T v T v T M T "
400 450 500 550 600
Refinement method: Full-matrix least squares ®h Graphite- Fig. 1. Fluorescence spectra 8fsolutions in chloroform@ = 2.7 x

monochromatizer Mo K radiation,\ = 0.71073 A. 104 M (a): 3.3X 103 M (b); 3.6 X 1072 M (c)] and its crystals (d).
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Comparison of the molecular structureldfl6] and
our data for2 and3 showed that the geometric parameters
of the respective bonds in all the compounds had similar
values. It shows that the peculiarities of the crystal struc-
ture substantially influence the fluorescence properties.
The formation of dimers where the molecules are
arranged in such a way that the phenyl ring of one mol-
ecule is over the chelate cycle of another one is a com-
mon feature of the crystal structurés3 (Figs. 4 and
5). Unlike the complex, in which a reciprocal over-
lap of the phenyl and chelate ring of the nearest mole-
Tt cules takes place, the absence of such overl2mimd
3 (Figs. 4b and 5b) virtually excludes a possibility of

I/real. unit

™

T T T T T T T T
400 450 500 550 600

i interaction of the phenyl and chelate ringsystems in
Fig. 2. Fluorescence spectra of the compourid&), 2 (b), 3 the around state
(c) at 77 K. 9 )

According to ref. [7,16], the molecules Inare
packed as stacks parallel to the C-axis with the inter-
molecular distance 3.44 A. Inside the stack, the mole-
cules are multiplied by the screw-axigs Ihe nearest
stacks are reciprocally perpendicular.

tions of increased concentratidBsandC; and their crys-
tals at room temperature (Table I). Thus, the analysis of
spectral data oi—3 (Table I) indicates the closeness of
the energetic characteristics of the eximers formed. . . .

g The crystals oR are rhombic; their unit cell con-

Substitutes in the phenyl ring of boron difluoride tains four coplanar molecules arranged in pairs; more-
alkylbenzoylacetonates do not have a substantial impact P 9 pairs,

on the moleculer-system that is reflected in a closeness over, along the C-axis, the molecules are packed as stacks

of the solution’s fluorescence maximums (Table 1). The parallel to the A-axis with the intermolecular distance
steric factor of these substitutes is here far more Swﬁiiﬁji (Ftlf?é4sz|ii)d;Trsé(fjlgc;['[i]gnStalg:w,;h(T:imollet)c)ules are multi-
stantial that is displayed in different crystalline structures P y P 9. '

of 1-3 and, as a result, a difference in their fluorescence tainsTQie r?{ynsqgl:cz?easrzmsgoggn; -fr:lfrlrlg\r/]glsce(llliiconéa)
spectra is observed, especially at 77 K. Y 9 9. :

The X-ray data are an additional confirmation of the ;23 ;E?L?C:Ifas Zfr t:(()anfgizii?ndo?e dﬁ%ﬁf\ﬁ:ﬁ ?r:i [i)rir:r”-e'
excimer formation irl—3 The efficiency of the excimer molecular distgnce 367 A (Igi 5a). In these dimers, the
formation depends upon that of ther interaction of : 9- ) '

the nearest molecules and peculiarities of the moleculegpzrmtﬂzg g;gni_moge;uli;]sed;r:ﬁ]t:d thtr;g (.:Sh?)lgtsi:'lgd
packing in the crystal [14,15]. (Fig. 5D). picture | v

for the third and fourth levels. Inside the layer the dimers
are situated as a T, with the angle 70° between; the lay-
@) ers are displaced in such a way that the dimers arranged
one over another are at the angle 70°. Moreover, the
dimers of the two nearest layers are not parallel (the angle
between the normals directed to the molecule center is
175°) (Fig. 5c).

Thus, the analysis of the crystal structurel @nd
2 shows that the formation of stacks of molecules is
typical for all of these complexes, but2rall the stacks
are parallel, whereas i the neighboring ones are per-
pendicular. As for3, the absence of molecular stacks
is its typical feature (Fig. 5c), unlikeand2, and only
the dimers consisting of the molecules from the first and
second levels are the excimer-forming centers (Fig. 5b).

AMnm Analysis of the crystal parameters shows that the short-

400 45 500 58 600 est distances between nearest molecules of one layer
Fig. 3. Fluorescence spectra ®ft 77 K (a) and at 300 K (b). The re- in the structured—3differ slightly (2.57 A forl, 2.60 A

sults of the decomposition of the spectrum at 77 K into the subcom- fOr 2, 2.64 A for3). The reciprocal orientation of
ponents (c)—(e). the molecular stacks exerts the main influence upon

I/rel. units
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Fig. 4. Crystal structure o2: (A) the structure viewed alory (B) the structure viewed alorg
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Fig. 5. Crystal structure 08: (A) crystal cell; (B) dimers layer; (C) the nearest levels of the molecules from different dimers layers.
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efficiency of interaction among them: the parallel ori- ylbenzoylacetonatoborol)(difluoride and their lumines-

entation of the stacks i@ promotes more effective  cence properties showed the correlation between the spec-

interdimer interaction. tral features of these complexes and the peculiarities of
Hence, the excimer formation in the serie€ must their crystal structure. The excimer formation in the se-

be the most efficient ih and2 for which the presence of ries1-3is the most efficient id for which the formation

the stacks of the excimer-forming molecules is character-of stacks of the is typical, unlike the compl&xn which

istic. Indeed, the crystals 8fhave a lower luminescence
intensity as compared to thoseloénd?2 (Table I). The
fluorescence spectra of the crysthland3 at 300 K are
broad structureless bonds. At the same time, one can dis-

individual dimers behaved as the excimer-forming centers.
The maximal fluorescence intensity was observed for the
complex2, which had the largest structural ordering.
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