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Abstract: The site-to-site intramolecular excitation transfer and excitation trapping on one site in amino-
substituted triphenylbenzene derivatives, which are characterized by a 3-fold symmetry, have been studied by
fluorescence spectroscopy and time-resolved microwave conductivity (TRMC). The importance of dipole
relaxation due to intramolecular energy transfer has been demonstrated in the interpretation of the limiting
anisotropy on one hand and the change of the dipole moment and polarizability upon excitation on the other

hand. The interpretation of the experimental results is based on the comparison of the molecules with C

symmetry with biphenyl model compounds.

Introduction
The properties of molecules or molecular complexes with a

high degree of symmetry are of interest in a large number of
research areas. Exciton migration via intramolecular excitation

transfet and trapping of the excited state upon incorporation
of the chromophore in proteins and rigid matrikéss been

investigated in relation to the symmetry of these compounds,

both theoretically;* and experimentally using picosecond time-
resolved polarized fluorescenee,and transient absorption
techniqued. Moreover, the octupolar contribution to the large
hyperpolarizability, found for several symmetric compoufds,

has led to a surge of interest in the nature of the excited state

of these symmetric compound#s!!

In particular symmetry breaking upon excitation in molecules
with 2-fold or 3-fold symmetry, leading to a polar singlet excited
state, has been studied. Biaryl compounds such as bianthry

for instance, are characterized by a polar excited state although

they do not carry a specific donor or acceptor subifnité Also

the excited states of symmetrical amino-substituted triphenyl-

benzene derivatives (see Figure 1) and triphenylphosphines,
are characterized by an increased charge separation with respect
to the ground state. Although the large fluorescence rate
constant observed for most amino-substituted triphenylbenzene
derivatives suggests the formation of a conjugated intramolecular
charge transfer staté, the similarity of the photophysical
properties and the solvent dependence of the triphenylbenzene
compound, pEFTP, and its biphenyl model compound, pEFBP
(Figure 1), suggests the formation of a polar excited state which
is localized in one branch of the triphenylbenzene derivéfive.
The importance of geometrical changes to the excited-state
deactivation of G-symmetric dyes has been demonstrated for
triphenylmethane dye®-22 For these compounds an increased
planarity in the singlet excited state compared to the propeller-
like structure in the ground state has been suggested to explain

Itheir photophysical properti&s.

In addition to this localization of the excited state, the
interaction of the three different branches is expected to result
in an intramolecular excitation transfer among the three spatially
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Figure 1. Structures of (a) the triphenylbenzene compounds pETP (X
=Ry, Y =H), mETP (X=H, Y =Ry), pEFTP (X=R,, Y = H), and
MEFTP (X=H, Y = Ry); (b) the biphenyl model compounds mEBP
(X =H, Y =Ry), pEFBP (X= R, Y = H), and mEFBP (X= H, Y

= Ry); and (c) 1-pETP (X= Ry, Y = H).

different branches. Using fluorescence depolarization it is
possible to observe this intramolecular excitation transfer

because the latter process will be accompanied by a reorientatio

of the transition dipole resulting in partial depolarization of the
emission. The rate of this reorientation of the transition dipoles
has been observed for ruthenium(ll) tris(bipyridine) complexes
and proteins with a 3-fold symmetry by picosecond polarized
transient absorption techniqu&s.If the transition dipoles are

in the same plane as the central benzene ring and perpendiculaglb

to the symmetry axis, the law of additivity of polarizati&m?®
yields a limiting anisotropyr, of 0.1 in the absence of rotational

diffusion around any axis in the molecular plane. This has been
observed in triphenylene and mesitylene, where a completely

delocalized excited state witBs, symmetry is formed? If

the intramolecular excitation transfer is slow with respect to
the depopulation of the excited state, the limiting anisotropy
will rise above 0.28

For pEFTP cyclic voltammetry and coulometry show a

Verbouwe et al.

analysis of the TRMC transients knowledge of the dipole
relaxation time is required in order to obtain absolute values
for the dipole moment. It has been shown that for symmetric
compounds such as pETP and mETP, the dipole relaxation time
involves, in addition to the rotational diffusion time, a relaxation
time due to intramolecular excitation transfér.

In this contribution the similarity between the photophysical
properties of the tri-amino-substituted triphenylbenzene deriva-
tives and their monosubstituted biphenyl or triphenylbenzene
model compounds, Figure 1, is used to study the intramolecular
excitation transfer in these symmetric compounds. The latter
process is described by means of stationary fluorescence
depolarization in propanediol glass and picosecond time-resolved
fluorescence depolarization in benzene.

TRMC transients suggest large excited-state dipole moment
and polarizability changes upon excitation of thesgmmetric
compounds which are explained by the introduction of a
picosecond intramolecular dipole relaxation path. The ex-
cited state properties of triphenylbenzenes and model com-
pounds in combination with the TRMC transients are used
consequently to estimate quantitatively the intramolecular
excitation migration.

"Experimental Section

See Supporting Information.

Results and Discussion

Photophysical Properties of mETP and mEBP. The
sorption spectrum of mETP in acetonitrile at room tempera-
ture is characterized by maxima at 332 nm (10 600t Km™1)

and 256 nm (111 000 M cm™1). The solvent dependence of
the emission maximum of mETP indicates that even in non-
polar solvents the emission occurs from a state with a consider-
able dipole moment. The dipole moment has been estimated
from the solvatochromic shift from diethyl ether to acetonitrile
at 16.4+ 1.5 D18 Using TRMC measurements, we obtained
a value of 14.1 D in benzerf. The large Stokes shift which

is still observed in apolar solvents is attributed to the difference

unigue, reversible, oxidation wave corresponding to a three- j, equilibrium geometry between the excited state and the

electron process. During the partial oxidation of pEFTP, the
absorption of near-IR radiation results in the site-to-site migra-
tion of the hole by intramolecular electron transferlt has

ground state. This effect was reported in detail for pEFTP and
pEFBPZ
More recently, a biphenyl model compound, mEBP, was

been demonstrated that this intervalence transition depends Onlysynthesized. The photophysical properties of mEBP and its

to a limited extent upon substitution in the meta position of the
central phenyl groug®

solvent dependence are similar to the properties of mETP (see
Figure 2). The absorption spectrum at room temperature is not

The use of time-resolved microwave conductivity (TRMC)  dependent on the solvent polarity and is characterized in
to estimate the change of the dipole moment and the change ofacetonitrile by a strong absorption with a maximum at 247 nm
the polarizability upon excitation has been demonstrated for (210 00 M2 cm™2) and a weak absorption at 330 nm (2400

several doncracceptor and other compounds3* In the
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M~1 cm~1) which matches the absorption spectrum of mETP
in the same solvent. This similarity between mETP and mEBP
suggests that upon excitation, the 3-fold symmetry disappears
and the FranckCondon excited state will probably be localized
in one branch of mMETP. Moreover, the molar extinction
coefficients of mMEBP are approximately one-third of the value
obtained for mETP. Despite the structural differences be-
tween mETP and mEBP, the emission occurs in a similar
wavelength region and shows a similar solvent dependence.
Upon excitation, charge transfer leads to a polar excited state
which induces a solvatochromic shift of the emission. The
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In contrast to what was observed for mEBP, the limiting
anisotropy increases when the excitation occurs at the red edge
of the $—S; absorption spectrum of mETP (Figure 3). In this
excitation region, the emission becomes more polarized and a

limiting anisotropy close to the maximum value of 0.4 can be

Figure 2. Absorption spectrum in acetonitrile and emission spectrum
(lex = 320 nm) in isooctane (triangle), diethyl ether (circle), and
acetonitrile (square) of mMETP (top) and mEBP (bottom).

substitution of two ethylanilino groups in the meta position of

the central phenyl ring in mETP has only a marginal effect upon found.

the emission. This cannot be due to overlap with other transitions or to
Fluorescence Depolarization of mETP and Its Biphenyl scattered light because the emission was monitored at 390 nm

Model Compound mEBP in Propanediol Glass. The polar- where no scattered light is observed. Also, when the excitation

ization of the emission of the biphenyl model compound mEBP Spectra were obtained at a longer emission wavelength the

has been measured in 1,2-propanediol-&0 °C. At this limiting anisotropyro observed became larger. This increase

temperature at which the solvent forms a rigid glass, no ©Of roindicates that excitation transfer between the three branches
depolarization of the emission occurs through rotational diffu- becomes less efficient when excitation occurs at the red edge
sion, and the anisotropy, reaches the limiting anisotropy. of the absorption spectrum. A possible explanation of this
When excitation occurs in theySS,; absorption bandi¢, = increase could be a reduction of the 3-fold symmetry of mETP
340 nm), the anisotropy increases from 0.22 to 0.33 at@1  in 1,2-propanediol at low temperatures. Under these conditions
and —36 °C, respectively, and reaches 0.35-#60 °C. The the solvent configuration around, as well as the phepyleny!
limiting anisotropy is almost 0.4, which means that the transition and amine-phenyl torsion angles in the three branches, could
dipoles of absorption and emission are close to collinear. be slightly different. If this configuration persists for a time
Moreover, the anisotropy of mEBP stays constant over the whole Which is long compared to the excited-state lifetime, the excited
emission wavelength region which indicates that only one state of the three branches will be stabilized to a different extent

emission ($—So) contributes to the emission band. The minor by dipole-dipole interactions or hydrogen bonding on one hand,
difference between the anisotropy aB6 °C and —60 °C and because of geometrical interactions on the other hand
suggests that at temperatures beley86 °C the molecular ~ (Figure 4A). Here we assume that solvation of the three
rotational diffusion is slow with respect to the fluorescence branches of mETP is to a certain extent uncorrelated —@@
lifetime. °C, the excitation migration will be determined by high-
The anisotropy of mMETPA{, = 350 nm), however, increases frequency vibratic_ms of the solute and solvent matrix surround-
from 0.14 to 0.22 and to 0.28 when the temperature decreased"d the polar excited state.
from 0°C to —27°C to —60 °C, respectively, and stays constant Under these conditions excitation at the red edge of the
over the whole emission wavelength region. Moreover, the absorption band will excite that branch of mETP where the
anisotropy reaches no plateau value arow®® °C for mETP dipolar excited state has the largest stabilization. Hence
and is smaller than the model compound although the volume excitation transfer to other branches will become endergonic.
of mETP is larger than for mEBP and the lifetime of This will slow the rate of excitation transfer and will increase
fluorescence is similar for both compounds (9.3 ns and 7.3 nsthe anisotropy. On the other hand, excitation at shorter
for mETP and mEBP in acetonitrile, respectively). wavelengths will excite other branches where the dipolar excited
This indicates that in mETP depolarization occurs by another State experiences a smaller solvent stabilization and hence
mechanism in addition to molecular rotation. This mechanism €Xcitation transfer to other branches will become exergonic. This
could be intramolecular excitation transfer which will rotate the Will increase the rate of excitation transfer and decrease the
transition dipole over 120in a molecular plane. The limiting ~ anisotropy (Figure 4B).
anisotropyro, however, should be equal to 0.1 for molecules  Time-Resolved Fluorescence Depolarization of pEFTP
with a 3-fold symmetry when intramolecular excitation transfer and Its Biphenyl Model Compound pEFBP in BenzeneThe
redistributes the excitation energy among the three spatially time-resolved depolarization of the fluorescence of pEFTP and
degenerate transition dipole momefitsThis means that, in pEFBP at room temperature in benzene was obtained and
the present case, the intramolecular excitation transfer is slowanalyzed as described in the experimental section. The de-
with respect to the lifetime of the excited state. The latter cays were obtained with a time increment of 3.7 ps per channel
process becomes relatively more important at lower temperaturesso that excited-state processes slower than 20 ps could be
where the rotation of the molecule is blocked. resolved. The fluorescence depolarization decay of the biphenyl
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A rotational diffusion out of plane of pEFTP in benzene at room
temperature.
Time-Resolved Microwave Conductivity. On photoexci-

N
tation, a transient change of the permittivity was observed for
all compounds in benzene solution (Figure 5). The transients
measured at the resonance frequefggre proportional to the
f/ \T change in the dielectric losé¢", and are characterized by a

rise, followed by a slow decay. Initially after excitation, mainly
—_— — the singlet excited state contributes to the observed transient,
whereas at longer times after the excitation, the signal is due to
ROOM TEMPERATURE ~ the triplet excited state. Lifetimes for the singlet and triplet
~ state were obtained separately from the fluorescence decay,
using the single-photon counting technique, and from the TRMC
~ transients at long times after the laser pulse. The fast component
f of the TRMC signal corresponds to the singlet lifetime. This

\
- ~ s o . - :
™~ justifies the attribution of the dielectric loss to the dipolar
| i character of both Sand T, and their amplitude can be used to
- - / calculate the charge separation in the excited state. The transient
~
| f

changes of the dielectric loss recorded for pEFTP, mEFTP, and
METP were compared to their biphenyl model compounds,
pEFBP, mEFBP, and mEBP. The transients of pETP were
LOW TEMPERATURE compared to those of 1-pETP, the singlet properties of which
are closer to those of pETP than to those of a biphenyl model
derivative of pETP.
From the fitsus?/© can be determined, whesg is the dipole
B moment of $ and ® is the dipole relaxation time (Table 1).
Normally the dipole relaxation time is determined by the
o /t\ rotational diffusion, and can be calculated using an empirical
LY expression based on an assumed shape. Because of their
S M N /k comparable shape® will not depend significantly on the
| substitution (meta or para) for isomeric compounds. The ratio
/k of the dipole moments of the meta and para compounds will
therefore be given to a good approximation «fd)? (wherew
is the reciprocal radian frequency of the microwaveso (&
15 ps) used) was larger than 1, by:

para

2
Hs
Us ® para
Figure 4. (A) Scheme of the transition dipole relaxation process of gem
mETP at room temperature and at low temperature. The large and small
arrows represent the orientation of the transition dipole and the solvent,

2 1)
Hs
@ meta
respectively. (B) Relaxation of the transition dipole moment at low . . . .
temperature upon excitation at short or long wavelengths. This ratio can also be derived from solvatochromism because

the solvent cavity radius depends also only slightly on the

pEFBP could be analyzed as a monoexponential fluorescencd?osition of the substitutiop. Although agreement between the
decay ¢ = 1.068- 0.003 ns) and a single rotational relaxation TRMC and _sol\_/atochrom|sm result is found for pEFBP versus
time @ = 90 + 8 ps) with good acceptable statistical mEFBP, this is not the case for pEFTP versus mEFTP.
parameters. Th@ value of 0.31+ 0.02 corresponds to the Although an almost eql_JaIEFdTlFE)orLeEFQ(_)ment is suggested by
limiting anisotropy. The latter property indicates a nearly Solvatochromism, the ratj@g™ "/ug~ " in the TRMC experi-

parallel orientation of the absorption and emission transition Ment (Table 1) is 2.02. On substituting f@ the a priori

dipole for the biphenyl compound pEFBP in benzene at room calculated value of the rotational relaxation time of a sphere-

temperature, similar to that suggested for mEBP in propanediol Shaped molecul&, the dipole moment for the biphenyl model
glass at—60 °C. compounds calculated is close to that obtained from solvato-

The fluorescence depolarization decay of thes@mmetric chromifsm?f‘ The use of a sphere to model the rotationall
relaxation is supported by the correspondence with the experi-

pPEFTP could be analyzed as a monoexponential fluorescence . o ; :
decay ¢ = 1.059+ 0.003 ns) with one rotational relaxation mentally obtained relaxation times in benzene by time-resolved
time © = 320+ 40 ps. The smajB-value of 0.077+ 0.004 fluorescence depolarization. The dipole moments of the tri-
however, suggests an additional relaxation mechanism in theﬁhenylbenlzene ?ﬁrlviﬂves dﬁie.rm'gid n ;[Ee salmet Wﬁy are,
excited state through intramolecular excitation transfer. No OWeVET, 1arger than those obtained irom [he solvatochromic
improvement of the fit, however, is observed when a second data. This discrepancy can be resolved if the dipole relaxation

relaxation time is introduced. Despite the picosecond resolution E'r:n?‘ ?yj thre ttrL?hner;yﬁltie)r:zSnr? t(ijr(rawnvi‘“t\;]es Isr:] Tact Imucr_lrf]liwoxﬁlr
of the experimental setup, no direct measurement of the an the rotational relaxatio € ot these molecules. N

relaxation time associated with the latter process could be be the case if intramolecular excitation transfer between the three
obtained. The relaxation tim@® can be assigned to the (36) Schuddeboom, W. (1994) Ph.D. Thesis, Delft-78.
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Figure 5. (A) Typical TRMC transients observed on flash photolysis

J. Am. Chem. Soc., Vol. 120, No. 6, 199823

to discuss them in terms of the change of the polarizability
volume, Aa', given by:

. Aa

Ao’ = A,

4)

The value ofAd’ is a measure of the degree of delocalization
of the electron wave function in the excited state. The
polarizability volume changes of the triphenylbenzene and the
model compounds are listed in Table 1. The para-substituted
compounds display a much largeka’ compared to the
corresponding meta compounds which suggests that the elec-
tronic delocalization is affected by the position of the substitu-
tion. More suprising is the much larger polarizability of the
symmetric triphenylbenzene derivates, compared to the model
compounds, despite their similar photophysical properties. For
instance Ao’ amounts to 186 Afor pPEFBP but is no less than
583 A3 for pEFTP. To explain this large discrepancy, we
assume that for the model compounds the dipole relaxation
process can only occur by relaxation of the whole molecule

of a solution of 1-pETP in benzene at the cavity resonance frequency Via tumbling, characterized b = ©g. This value was used

fo (full line), and at the uppef, (dashed), and lowef,. (dotted), half-
power frequency. (B) The sui2+ (dashed), and difference\+

to calculateus from the TRMC experiments and yielded values
in agreement with those from the solvatochromism. However,

(dotted), combinations of the transients monitored at the half-power as already discussed, this was not the case for the triphenyl-

frequencies for the traces in (AY+ is proportional toAe" andA+ is
a function ofAe'.

Table 1. Decay Time, Dipole Moment, Rotational Relaxation
Time, and Polarizability Volume

TFL /,{é/@ /é/a3 ®R Us Ad'

compound (ns) (D%ps) (DFA32 (psp (D) (A3
pEFTP 1.3 1.58 1.00 244 19.7 583
pEFBP 1.2 0.54 0.96 94 7.2 186
mEFTP 4.2 0.39 1.01 244 9.7 103
mEFBP 4.1 0.33 0.95 94 5.7 87
pETP 9.7 0.42 0.54 130 7.5 370
1-pETP 10.7 0.75 0.84 94 8.5 130
mETP 6.2 0.79 1.03 130 10.2 176
mEBP 2.9 1.06 0.81 56 8.0 92

a Slope of the emission maximum versus the solvent polaaitig;
the solvent cavity radiu®.The calculated rotational relaxation time
for a dipole oriented in the plane of a sphere-shaped molet8iaglet
dipole moment based o® = Or. ¢ Overall polarizability volume.

branches occurs. Hence the rotatior®k) and intramolecular
(©y) dipole relaxation times will both contribute to the overall
dipole relaxation timed:

1_1

1_ 1
o o,

2
5, @
From the sumZ+, of a pair of TRMC transients observed
at the half-power frequenciés andf_, A¢" can also be obtained
and yields results identical to the measurementgyorFrom

benzene derivatives, ti@ of which must be much shorter than
the Og, indicating the occurrence of flip-flop intramolecular
relaxation process.

Because of the fast dipole relaxation in flip-flofy¢’ has to
be considered to consist not only of an electronic contribution,
Ace, but also a dipole contributiomep. Thus:

Ae' = A€, + Aep (5)
in which:
N.[e(0) + 2]° Aat,
Ae, = (6)
© 9%,
N.[e(e0) + 2]? 2 2
pey = ) o« 3 -

27ekg T ll + (00.)? - 1+ (cu@)o)2

In eq 7, the subscripts 0 and * refer to the ground state and
the excited state, respectively. df = 0, which is a realistic
assumption for the triphenylbenzene compounds, eq 7 can be
simplified, because the last term drops out. By using eqgs 3
and 4,Ae¢] can be expressed &, in which the subscript i
can be either e or D.

Normally, if ® = Og, the denominator in eq 7 is large and
Aep will be close to zero and can therefore be neglected. In
the case of the biphenyl model compounds wheris indeed

the difference A+, of these transients the change of the real large (Table 1) Aae will be overestimated by no more than 5

component of the permittivityAe', can be obtained. This
change is related to the change of the polarizabiliy, upon
excitation (for more details see reference 34) via:

_ N.[e(e) + 2 Aax

Ae %,

©)

In eq 3,N- is the concentration of excited moleculegy) is

the relative dielectric constant of the solvent which can be

equated with the square of the refractive index, and

corresponds to the permittivity of vacuum. It is most convenient

3, due to neglect of the dipolar contribution. This is within
the experimental error. The large polarizability of the triphen-
ylbenzene derivatives suggests that in addition to the electronic
component (eq 6), the dipolar term (eq 7) contributes to the
observed polarizability. To quantify this contribution, the
similarity of the photophysical properties between the symmetric
triphenylbenzene compounds (TP) and the related biphenyl
compounds (BP) is used and it is assumed reasonable that both
will have an equal electronic polarizability:

1 TP 1BP
Aoy " = Aag

(8)
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Table 2. Calculated Dipole Moments and Intramolecular Dipole of transition dipoles will depolarize the emission to a certain

Relaxation TimeB, (Flip-Flop) for the Triphenylbenzene extent. Hence the limiting anisotropy of mETP is smaller than

Derivatives Assuminghop™ = Aa’™" — Aa 0.4 which has been observed for the model compound mEBP

compound  Ao,® (A%  Aop™ (A% us(D) ©(ps) O (ps) and indicates collinear transition dipoles for the latter compound.
pEFTP 186 397 7.9 9.3 9.7 Because of this flip-flop mechanism, the relaxation of the dipole
mMEFTP 87 16 4.9 56.3 73.1 involves, in addition to the rotational diffusion, an intramolecular
pETP 130 240 5.5 4.2 4.3 relaxation path. The importance of this process has been

mETP 92 84 53 224 271 demonstrated in the analysis of the TRMC transients where it

is necessary to obtain a similar excited-state dipole moment for

With this assumption and using egs 3 and 4 to evaluate from the triphenylbenzene and its model compound consistent with
Aap to Aeb, Aep™ can be estimated for the triphenylbenzene the solvatochromic shift of the emission.
derivatives. These results indicate an important difference If the exciton was redistributed completely among the three
between the para- and meta-substituted compounds. Whereasites during the lifetime of the excited state, the limiting
the polarizability has mainly an electronic origin for the meta anisotropy, however, would be 0.1. The larger value experi-
compounds, the dipolar contribution is the main contribution mentally obtained for mETP suggests that the flip-flop between
for the para compounds. From the calculated™, © can be different sites in 1,2-propanediol a60 °C is slow with respect

estimated via: to the other deactivation processes @f Shis probably is due
to a relatively small interaction between the three branches.
gza@ ©) Moreover, in a rigid glass matrix, the three sites will be
Aep stabilized to a different extent in the polar excited state so that

the degeneracy disappears. This is translated in an increase of

The dipole relaxation is an order of magnitude faster than the limiting anisotropy when excitation occurs in the red edge
the rotational dipolar relaxatio®g. Thus® must be almost of the absorption band. The exciton will be trapped in the most
completely determined by the intramolecular excitation transfer. Stable site from where emission mainly will occur. For pEFTP
The flip-flop mechanism occurs in the subnanosecond time in benzene at room temperature the limiting anisotropy is close
region with an intramolecular dipole relaxation tint®,, of 10 to 0.1 and suggests a fast intramolecular excitation transfer
ps for pEFTP and 73 ps for mEFTP. Using the same procedurecompared to the excited-state lifetime.
to estimate®, for pETP and mETP yields relaxation times of Upon excitation, a relatively large increase of the polariz-
4 and 27 ps, respectively. The difference between pEFTP andability which consists of an electronic and dipolar contribution,
MEFTP or pETP and mETP is attributed to the smaller is observed for all compounds. Although for the model
interaction between the three amino sites in the meta-substitutedcompounds the dipolar contribution is negligible, the large
compounds, compared to the para-substituted compounds.  dipolar contribution for the symmetric compounds indicates an

The dipole moment of the excited state can be obtained from intramolecular excitation transfer in the time range of the
the analysis of the TRMC transients at the resonance frequencyyeciprocal radian frequency. The dipole relaxation time
fo, and the dipole relaxation time, which includes the molecular associated with the latter process has been estimated to be
rotational diffusion and the flip-flop relaxation process and is approximately 10, 73, 4, and 27 ps for pEFTP, mEFTP, pETP,
given in Table 2. These dipole moments are more plausible and mETP, respectively. The meta- or para-substitution pattern,
than those reported in Table 1 where ol was considered.  as well as the molecular geometry of the molecule and the

The fast dipole relaxation has been suggested not only for solvent reorganization around the branches, influences the
mMETP in propanediol at-60 °C but also for other triphenyl-  interaction between the three amino sites and hence determines
benzene derivatives in benzene at room temperature. Forthe rate of intramolecular excitation transfer.
pEFTP, it has been demonstrated by time-resolved fluorescence
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The localized character of the polar excited state of amino-
substituted triphenylbenzene derivatives with a 3-fold symmetry
has been studied. The similar absorption and emission proper
ties of the symmetric compounds and the model compounds
indicate that the excited state reached immediately after excita-
tion and vibrational relaxation is localized in one branch of the
3-fold symmetric compound. During the lifetime of the excited
state, however, intramolecular excitation transfer occurs between
three energetically degenerate excited states. This redistribution]A9725615
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