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Spectral and luminescence properties and association of stilbene and distyrylbenzene
derivatives in hydrocarbon solvents have been studied. The bulky triphenyl amine group
being a strong electron donor introduced in those molecules has been shown to make it
possible to obtain efficient yellow-green organic luminophors not inclined to association.

ITpoBemen cuHTE3 HOBBIX IIPOUBBOAHBIX CTHJIbOeHA U 1,4-mucTUPUIOEH30J1a, MCCJIELOBAHBI
HX CIEeKTPAJbHO-JIIOMHHECIIEHTHbIE CBOMCTBA U ACCOIMAIIAA B PACTBOPAX YIJIEBOLOPOIHBIX
pacreBopureneii. [lokasano, 4TO BBeIeHHE B MOJIEKYJbl 9THX COEIMHEHUN B KauecTBe 3aMec-
TUTEeNeil 00 bEeMHON CUJIBHOU 2JIEKTPOHOMLOHOPHOHN Ipylnbl TPU(MEHMIAMUHA II03BOJSET II0JIY-
yuTh 9(pPeKTuBHBIE OPraHNYECKUue JIOMUHO(POPHI JKEJITO-3€JIEHOI'0O CBeUeHU A, He CKJOHHBIE K

aCCOIMAINH.

Association of complex organic molecules
is under intense investigation at present [1-3].
This is caused both by the scientific interest
in the nature of excited electron states and
the part played thereby in chemical and bio-
logical processes, photochemical reactions,
etc., and by the wide application of organic
dyes in scintillation and laser engineering,
as light guides, emission converters, in
solar power engineering (as solar emission
concentrators), as well in other branches. In
all the above cases, a luminophor is used
either in the form of liquid or solid solution
or as a vacuum-sprayed film. To attain a
maximum efficiency of any scintillating,
laser, or light-converting material, it is nec-
essary, on the one hand, to provide a com-
plete incident light absorption making use
of the luminophor concentration; on the
other hand, to prevent a luminescence in-
tensity decrease and a considerable red shift
thereof due to formation of associates. The
luminescence quenching at high concentra-
tions of an organic luminophor is due to
resonance transfer of the electron excitation
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from one monomer dye molecule to another
identical molecule. Some of such transitions
are accompanied by quenching. The quench-
ing was supposed to be also possible when
the energy is transferred between distant
molecules, but the excitation quenching prob-
ability at the migration increases more
swiftly than that of quenching-free transfer
as the distance diminishes. Thus, the molecu-
lar arrangement in solution or in solid state
is of importance in the probability variation
of non-radiative transitions.

The triphenyl amine is in our opinion
among the structures of good promise.
First, the moiety is of propeller-like struc-
ture (the angles between the nitrogen atom
and phenyl rings amount about 30°) that
hinders considerably the close molecular
packing in various aggregate states. Second,
it is a strong electron donor and, therefore,
makes it possible to vary widely the absorp-
tion and emission spectral ranges of the lu-
minophors being developed. Bearing in
mind those circumstances, we have synthe-
sized the stilbene derivatives (I, II, III, IV)
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and distyrylbenzene ones (V, VI, VII) as ef-
ficient organic luminophors of a wide prac-
tical application. The compounds combine in
their structures both electron donors (in-
cluding triethyl amine group) and strong
electron acceptors (nitro group in the stilbene
derivatives and cyano group in the distyryl-
benzene ones). In the case of stilbene,

Ry=NO,

/

=
[ OIS

While in the case of distyryl benzene,

CN
R@CHCH@CHCH@R
CN

Rz I-NHy 1I- N(CHg)2 Il

R V=NCHs)z VI —N Vil

To elucidate the diarylamino group effect
on the spectral characteristics of organic
compounds containing it as a substituent,
we have carried out the quantum-chemical
calculations for a series of model molecules
— p-nitrostilbene derivatives (Compounds I,
II, III, IV). The electron-donating charac-
teristics of substituting moieties introduced
in the nitrostilbene molecule will depend
considerably on the configuration of nitro-
gen atom through which the moieties are
attached to the parent molecule. To eluci-
date that problem, the calculations have
been carried out for Compounds I through IV
with the full geometry optimization within
the frame of AM1 method [4]. Some results
are presented in Table 1.

The main geometry parameters are as
follows: the rotation angle of the introduced
moiety with respect to the plane of the
nearest benzene ring (dihedral angle O4;07)
and the pyramidality extent of the nitrogen
atom (valence angle prr) that has been
evaluated as the average angle between its
single bonds. Basing on the latter charac-
teristic, it is possible to estimate the rela-
tive fraction of sp2/sp® boundary hybridized
states for the atom by comparing the prr
value with the limiting values for sp? and
sp3 states (120° and 109.1°, respectively).
Moreover, the Table comprises the C-N
bond length (rp_N) and order (pe_y) values
that characterize also the conjugation of the
substituent introduced with the parent ni-
trostilbene molecule, dipole moments (W),
charges on the nitrogen atom of the substi-
tuent (gn) and total nitro group charges
(gno2) that characterize the electron density
redistribution from the substituent to the
electron-accepting center in the ground
state. As the substituent volume is in-
creased, the C—N bond length is seen to rise
and its order to decrease respectively. The
turning angle of the substituent with re-
spect to the plane of the nearest benzene
ring increases also in the I-IV sequence. At
the same time, the nitrogen atom piramidal-
ity extent is maximum in amino- and pyra-
zolinyl-substituted compounds and the elec-
tron-donating effect transmission to the
nitro group is maximum in the dimethyl
amino derivative.

The results obtained for diphenyl amino
derivative are of a particular interest. Its
nitrogen atom has been found surprisingly
to be in the essentially ideal sp? hybridized
state although the plane passing through
the C-N bonds of that substituent forms a
30° angle with the ring plane. As a result of
steric hindrances arising in the triphenyl-
amino group, the latted takes a propeller-
like configuration with the C—N bonds lying
essentially in a single plane. The validity of
the calculations carried out is confirmed by
the X-ray structure analysis data for com-

Table 1. Quantum-chemical calculation data for I-IV molecules in ground state

Comp. R Tc N> A Pc-N an aNO2 u, D Orror epy,., ° | sp%, %

I NH, 1.392 1.106 -0.336 | —0.140 8.07 0° 115.0° 58 %

II N(CHj;), 1.403 1.071 -0.262 | -0.141 8.58 17° 117.4° 76 %

II1 N(CgH5), 1.408 1.014 -0.208 | -0.138 7.20 30° 120.0° | 100 %

Iv Pyrazolinyl 1.425 1.007 -0.171 | -0.130 8.81 23° 115.8° 62 %
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Table 2. Characteristics of long-wavelength electron transitions in absorption spectra of Com-

pounds I-IV in vacuum

Comp. | AE, eV | v,em™ | A, nm Tose Sy, D | i(Sy), D | Ap, D Ap® % CT
I 3.70 29900 334 1.28 8.43 18.33 9.97 18.89 42 %
II 3.65 29400 340 1.30 8.63 19.39 10.80 21.37 47 %
III 3.41 27500 363 1.20 7.46 18.63 11.18 29.13 65 %
IV 3.55 28600 349 1.68 10.56 16.90 6.53 17.86 40 %

Table 3. Quantum-chemical estimations of solvate-induced shifts in electron absorption spectra of

Compounds I-IV

Comp. R a, A Toluene, cm™! Ethanol, ecm™!
I NH, 7.0 -2700 -4600
II N(CHj,), 7.5 -2500 -4200
I1I N(CgH5), 8.5 -1600 -2700
IV Pyrazolinyl 9.5 -700 -1400

pounds of similar structures [5]. The elec-
tron density decrease at the nitrogen atom
of the substituent in the I-IV sequence re-
flects its delocalization to the moieties at-
tached thereto. Thus, in the diphenyl-amino
derivative, the conjugation between the ni-
trogen atom lone electron pair in the substi-
tuent and the molecular n-system is weak-
ened due to the steric hindrances although
its predominant sp? hybridized state allows
to expect the conjugation recovery under
the possible conformational re-building in
an excited state [6, 7].

The electron absorption spectra of Com-
pounds I-IV have been calculated under the
INDO/S approximation using the oxygen
atom parameter system modified with the
aim to calculate correctly the nn-state en-
ergy values [8]. The calculated spectral
characteristics are summarized in Table 2
where Au® is the dipole moment change
under electron excitation associated only
with the electron density shift from the do-
nating to accepting molecular fragment.
Basing on that quantity, the charge trans-
fer extent can be estimated when the nitro-
gen atom of the substituted amino group
(nitrogen atom 1 of the pyrazoline ring) is
considered as the electron excess center and
the amino group nitrogen atom, as the elec-
tron-depleted center.

It is seen from the calculated results
that all the compounds under consideration
are characterized by a substantial electron
density redistribution under excitation that
is reflected in a considerable dipole moment
increase in the S; state. The charge trans-
fer extent in the amino and dimethyl-amino
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derivatives can be estimated as 42-47 %
while it attains 65 % in the diphenyl-amino
one. This fact indicates that the benzene
rings attached to the nitrogen atom are in-
volved in the total molecule electron excita-
tion; a fraction of the electron density con-
centrated in the n systems is transferred to
the nitrogen atom, thus increasing its elec-
tron-donating properties. In contrast, in the
pyrazoline derivative IV, the excess electron
density of the nitrogen atom 1 is redistrib-
uted not only towards the nitro group but
also to the pyrazoline ring and the benzene
ring attached thereto in the 8 position.
Thus, the electron-donating properties of
the pyrazoline substituent must be some-
what decreased as compares to the other
model molecules, as it results from the
above calculation.

The solvent effect on the electron absorp-
tion spectra of the model molecules has
been estimated according to [9]. The ap-
proach is based on the solvatochromic de-
pendences by Bilot and Kavsky relating the
solvent macroscopic parameters with the
polar and structure parameters of the ex-
cited and unexcited solute molecule:

Av, = (1)
2n2+1(e-1 n2-1 o 3(nt-1)
n2+1(e+2 n2+2) Z2n2+2)7

Here m, and mg are parameters depend-
ing on the solute properties: dipole mo-
ments in the ground and excited states (L
and u;) as well as the radius of spherical
Onsager void occupied by the molecule in
the solvent volume:
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Fig. 1. Absorption and fluorescence spectra
of substituted nitrostilbenes in toluene: II
(solid line), IIT (dashed line), IV (dot-and-
dashed line).
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Substituting the calculated polar (Table 1)
and structure (Table 2) characteristics of
the molecules being considered into (1), it is
possible to estimate the solvate-induced
shifts when passing from wvacuum (data
from Table 2) to solutions (Table 3 presents
the results for toluene and ethanol; for
other solvents, the estimations can be ob-
tained in a similar manner). The largest
changes in the electron absorption spectra
are to be expected for amino and dialky-
lamino substituents. The solvate effects
should be somewhat smaller in diphenyl-
amino derivative and in pyrazolinyl-contain-
ing molecules, the smallest. At the same
time, it is noteworthy that the above esti-
mations have been done without taking into
account the possible conformation changes
of the molecules under excitation while
those changes may contribute substantially
enough to the experimental changes of spec-
tral characteristics [7]. The above theoreti-
cal estimations were checked in experiment
taking the I-IV derivatives as examples as
well as using the distyrylbenzene deriva-
tives (V, VI, VII) containing similar elec-
tron-donating groups. The spectral proper-
ties thereof were studied in toluene. The
representative spectra are presented in Figs. 1
and 2 and the numerical results are summa-
rized in Table 4.

It follows from the results obtained that
in spite of the presence of the electron-ac-
cepting nitro group, the nitrostilbenes stud-
ied exhibit an intense fluorescence. In this
case, the triplet nn” levels of the nitro
group have a higher energy than the lower
singlet excited state of the molecules and
thus cannot influence negatively the spec-
tral characteristics. The increased extinc-

Functional materials, 14, 2, 2007

I, a.u.

08

06

o K ] 5
345 400 455 500 588 714 k,nm

Fig. 2. Absorption and fluorescence spectra
of substituted substituted distyrylbenzenes in
toluene: V (solid line), VI (dashed line), VII
(dot-and-dashed line).

tion coefficient of Compound III as com-
pared to II confirms the above conclusion on
the involvement of benzene rings attached
to the nitrogen atom in the conjugation
with the molecular n system. The pyrazoline
derivative exhibits an even more increased
extinction coefficient that reflects the in-
clusion of 3-phenyl substituted pyrazoline
ring into the total conjugated molecular
system of Compound IV. At the same time,
the diphenyl nitrostilbene derivative shows
fluorescence in somewhat shorter-wave re-
gion than its dimethyl-amino analog and the
longest emission wavelength is observed at
the pyrazolinyl substituted compound. The
Stokes fluorescence shifts decrease in the
sequence I-IV in full accordance with con-
clusion on the manifestation character of
solvatochromic effects in the series of sub-
stituted nitrostilbenes. As to distyrylben-
zene derivatives, the properties of the con-
sidered substituents are manifested them-
selves in a substantially identical manner,
except for an increased involvement of
diphenyl-amino group benzene rings in the
conjugation. In absorption spectra of Com-
pound V the electron transition band 1 is
more intense and shifted somewhat towards
longer wavelengths as compared to VI. The
studied distyrylbenzene derivatives are
characterized by much lower Stokes shifts
as compared to the above-considered nitros-
tilbene ones. This points to a substantially
lesser importance of solvate and structure
relaxation in those molecules. That fact
seems to be quite natural if the symmetrical
structures of V-VII are taken into account.

The spectral and luminescence charac-
teristics have been studied for toluene solu-
tions of one synthesized luminophor,
4-nitro-4'-diphenylaminostilbene (III) and,
for comparison sake, of its analogue, 4-di-
methylamino substituted compound (II). Or-
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Table 4. Spectral characteristics of substituted nitrostilbenes and distyrylbenzenes in toluene

Comp. R Vv, Ay €, v, A Avgp 9
Nitrostilbenes
I N(CHj;), 23220 431 22300 16840 594 6380 0.49
I N(CgHs), 23280 430 28400 17420 574 5860 0.56
v Pyrazolinyl 22440 446 39200 16820 595 5620 0.50
Distyrylbenzenes
v N(CHj;), 21560 464 45800 18780 532 2780 0.37
VI N(CgHs), 23160 468 60200 18800 532 2560 0.51
VII Pyrazolinyl 20920 478 no dis. 18240 548 2680 0.45

ganic molecules are known to form associ-
ates in the ground state due to weak Van-
der-Waals interactions. Since the molecules
under study contain no functional groups
capable of coordination bonds formation
with each other, the specific interactions of
other nature can be neglected. The forma-
tion of Van-der-Waals associates must re-
sult in distortions (blurring, widening) of
absorption spectra. However, the experi-
mental electron absorption spectra of Com-
pounds II and III show the shape constancy
up to concentrations of (3 to 6)-1073 mol/L,
thus, such interactions can be excluded,
too, or the saturated solution concentra-
tions should be provided to record them.
The association in excited state may result
in fluorescent or non-fluorescent products.
In the first case, those are excimers (ex-
cited dimers) showing a fluorescence as a

wide structureless emission band localized
in a longer-wavelength spectral region than
the monomolecular compound spectrum. As
to Compound III, neither widening nor
shifting of its luminescence band is ob-
served. Thus, the formation of excimer-like
fluorescent associates can be excluded to a
high probability.

The formation of non-fluorescent associ-
ates does not influence the shape of absorp-
tion and emission spectra and can be discov-
ered only basing on the fluorescence life-
time  variation as the luminophor
concentration rises. When there is no asso-
ciation (at low concentrations), the lumino-
phor reciprocal lifetime is the sum of rate
constants of radiative and non-radiative
processes resulting in deactivation of its
electron-excited molecules:

Table 5. Physical properties and analytical data for compounds I-VII

Comp. Formula M.p.(°C) Yield , % Elemental analysis (calculated/found)
C H N

I C,4H12N0, 228 20 70.05 4.98 11.68
70.03 4.99 11.66

II C6H16N20,4 251 25 71.65 6.00 10.40
71.67 5.98 10.42

111 CygHpoN,0, 143 28 79.62 5.12 7.16
79.60 5.14 7.18

v CygHppN;0, 199 19 78.40 5.00 9.44
78.38 4.98 9.46

v CogHogNy 300 51 80.40 6.25 13.44
80.41 6.23 13.42

VI CugHa4Ny4 242 60 86.50 5.12 8.43
86.47 5.09 8.41

VII Cs4H3gNg 258 48 84.18 4.97 10.92
84.16 4.95 10.88
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L. rf + rd.
Ta

As the associates are formed, that ex-
pression should be supplemented by the as-
sociation rate

1 =rf+rd +r,,.
TLI.

In this case, the luminophor lifetime
must drop in concentrated solutions. This
phenomenon is often referred to as "the lu-
minescence concentration quenching”, al-
though the luminescence weakening at high
concentrations is due also to various other
mechanisms.

To check that possibility, we have stud-
ied the lifetime of dimethylamino- (II) and
diphenylamino-(III) substituted nitrostil-
benes within a wide concentration range
(1075 to 6-1073 mol/L). The study results
are presented in Fig. 3 where the fluores-
cence quenching functions after Schroeder-
Volmer are built. From the slopes of the
straight lines obtained, the association con-
stants in excited state can be calculated as

,
A¥ + A5 A%,

Form the kinetic experiment data, the
rate constants of concentration quenching
(kg» L-mol 1.c71) have been calculated to
amount 1.60-1010 for —N(CHs), and 2.56-10°
for —N(CgHg),. For compounds containing
the diphenylamino group, the constant coin-
cides essentially with the rate constant of
diffusion-controlled processes. Thus, intro-
duction of the bulky diphenylamino group
into stilbene molecule, thus hindering the

108/74,6~"

5.0
46

42

38

32 1 1 1 1 1

L ]
C102 ML

Fig. 3. Concentration dependence of recipro-
cal lifetime.

mutual approach of two molecules, results
in the association constant decrease by a
factor of almost 6.
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HocaigKeHHa CIEKTPaJbHO-IIOMiHECIEHTHUX
BJIACTMBOCTEM Ta acomiamii y po3umHaxX
BYTJIelleBOJHEBUX PO3UYMHHHUKIB MOXiTHHUX CTHJIbOEHY

Ta TUCTHUPUIOEH3O0ITY.

B.M.lllepwyxoe, O.1. Bedpur, A.O.Jopowenko

ITpoBemeno cuHTE3 HOBHX HOXiMHMX CTUJIBOEHY Ta 1,4-mucTUpPuUIOEH30Jy, MOCIiIKeHO iX
CIIEKTPAJIbHO-JIIOMiHECIIEHTHI BJIACTMBOCTI Ta acorfiaifilo y posumHAX BYIJIEIEBOJHEBUX PO3-
uynHHUKIB. IToKasaHo, 1[0 BBEeAEHHSA y MOJIEKYJHM IIMX CIOJYK B SKOCTi saMicHMKIB 00’eMHOI
CHUJILHOI €JIeKTPOHOAOHOPHOI rpynu TpudeHijaMminy m03BoJs€ cuHTE3yBaTH e(EeKTUBHI Op-
ramiuni gromMiHO(GOPU KOBTO-3€JI€HOr0 CBiTiHHS, He CXUJABHI m0 acomiarii.
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