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Two fluorescent pyrene derivativels,andll, are reported in which the aromatic ring is connected to the
2,2'-bipyridine (bpy) complexing unit via a single-GC bond. Compound contains one bpy moiety at the
1 position of the pyrene nucleus whilebears two bpy moieties linked to the 1 and 6 vertexes. The solvent-

polarity dependence of the fluorescence emission properties of both compounds at room temperature points
to the existence of a polar excited-state possessing a small extent of intramolecular charge transfer (ICT).

The large fluorescence quantum yields, the high radiative rate constants, and the short fluorescence

lifetimes, 75, for both compounds are characteristic of strongly allowed transitions. The solvent and temperature

dependence of the photophysical propertied,ofuch as the increase &f with increasing polarity and
temperature, appears to be due to intermixing between closely lying pétag)%nd forbidden &'L,,) states.
Semiempirical theoretical calculations were performedlfand allowed to confirm the assignment of the

electronic and structural nature of the two lowest-energy excited states as a function of the interannular dihedral

angle. In contrast, the experimental and calculated properties for complogaiht to the occurrence of a
highly stabilized'L ;- type excited state, thus experiencing very little influence of the forbiddgtype state.
Consistently, the fluorescence emission rate constart fisrfound to be independent of solvent polarity and
temperature

1. Introduction CHART 1

The design and synthesis of highly fluorescent compounds
with tunable emission properties is one of the major challenges
for the development of chemosensors and molecular-scale
photonic device$? A common feature of the majority of
systems reported to date is that their structure is based on the
covalent linking of a fluorophore moiety to a chelating unit,
which allows one to monitor the interplay between fluorescence
emission and metal cation complexatfoin that connection,
we reported a series of molecular receptors for transition metal
ions in which the pyrene chromophore is connected to a
complexation site via a flexible, nonconjugated tethérThese
systems were shown to display fluorescence emission properties
highly sensitive to the presence of metal cation and, thus, to
act as efficient reporter molecules for metal species in solution.
Particularly those pyrene-containing ligands based on 2,2'-
bipyridine (bpy) proved to be particularly interesting for they
further enabled to build up ruthenium(ll) tris(diimine) species,

aromatic hydrocarbon and heterocyclic moieties are connected
via a single G-C bond (Chart 1}? Direct substitution was
anticipated to ensure significant electronic communication

thereby leading to the generation of bichromophoric pyrene between subunits and also to increase the stabilization of the
Ru(bpy)?* dyads with outstanding photophysical properties. allowed?L , state of pyrene in order to provide high fluorescence

Indeed, recent publications have shown that among the numbegfficiency as compared to the related alkyl chain-bridged two-

of Ru(bpy)?*-incorporating dyads bearing a pendant polycyclic component systems in which the lowest electronic energy state

aromatic moiety, those based on the pyrene chromophore werdS ©f 'L type. During the course of our investigation, Schmehl
of particular interest due to the quasi isoenergetic position of &nd co-workers reported the spectroscopic properties of the

the triplet excited states of the metal complex and the pyrene ruthepiums(ll) tris(diimine) complex of, and they found a very
moiety7~11 This peculiar feature allows for reversible triplet ~ 10ng-lived MLCT luminescence (ca. 50s) at room temperature

triplet energy transfer to take place efficiently between the two " acetcanitr:ile‘? In thefsamﬁ conn(_actic:jn, gqrrimﬁn P‘;’mﬁ Ziessel
partners, the result of which being an extraordinary extension reported the case of a photoactive dyad in which the pyrene

of the 3MLCT lifetime of the Ru(bpy)2* chromophore. and bpy fragments are bridged by an ethynylene spadeér.
Recently, we reported the synthesis and the preliminary These recent studies illustrate the interest of such conjugated

hotophvsical study of the pvrene-bpv ligandin which the pyrene-bpy structures as light-sensitive ligand units on which
P phy y Py py ligard to base the design of photoactive supramolecular metallosys-

* To whom correspondence should be addressed. E-mail: f.fages@lcoo.u-tems- This motiva_ted us to Synthesiz_e the _ditOPiC lighndn
bordeaux.fr. which two bpy units are connected via a single € bond to
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the 1 and 6 positions of the pyrene nucleus (Chart 1). This triad dichlorobis(triphenylphosphine)palladium(ll) as catalyst and
compound was anticipated to enable the synthesis of homo- andCaCQ as a base. Compoundl was purified by successive
heterobinuclear metal complexes and thus to offer a unique crystallizations in chloroform and obtained in 60% yield as pale
opportunity to study reversible, tripletriplet electronic energy  beige solid. Compount gave satisfactorjH NMR spectros-
transfer between the three chromophores all over the oligomericcopy and mass spectrometry data. Anal. Calcd feggHe N4
structuret#15 2H,0: C, 79.68; H, 4.83; N, 10.32. Found: C, 79.65; H, 4.71,
Moreover, conjugated pyrene-bpy ligands belong to that classN, 9.21.
of fluorescent dipolar biaryl molecules that combine intramo-  2.2. Spectroscopic StudiesAll solvents for spectroscopic
lecular charge transfer (ICT) emission and metal complexation. measurements were purified by standard procedures. Following
Typically, dipolar molecules in which strong donor and acceptor are the abbreviations used for the solventshexane (HEX);
groups are conjugated viarasystem are known to display a  toluene (TOL); tetrahydrofuran (THF); 2-methyltetrahydrofuran
large dipole moment difference in the ground and excited (MTHF); propionitrile (PN); butyronitrile (BN); acetonitrile
states'® Following excitation, the locally excited state in many (AN); n-propanol (PrOH); ethanol (EtOH); methanol (MeOH).
of such systems undergoes relaxation to a highly polar emitting UV —vis spectra were recorded on a Hitachi U3300 spectro-
state, which leads to either a dual fluorescence emission or aphotometer, and fluorescence spectra, either on a Hitachi F4500
single fluorescence emission with large Stokes shifts! ICT or a Spex Fluorolog spectrofluorometer. Fluorescence decays
fluorophores appeared as photosensitive units of choice to bewere obtained using a single photon timing apparatus as
incorporated into supramolecular structures endowed with described elsewhef@ Low-temperature experiments were car-
molecular recognition properti@sAs an example, a family of  ried out using a variable-temperature liquid nitrogen Optistat
D—n—A stilbenes substituted with N-monoaza-crown-ether  cryostat from Oxford instruments. We did not find any differ-
macrocycle as donor unit were shown to act as sensitive probesence in emission properties with and without degassing the
toward light metal cations and, particularly, Tanetal ion?>26 solutions. Fluorescence quantum yields were determined using
D/A molecules bearing the pyrene chromophore and either aquinine sulfate as a standar®{(= 0.55 at 25°C in 1 N Hy-
strong donor (dimethylamin®)?” or acceptor (acetophenoA&) S(Oy).3334 The relative error of the quantum vyields 4s5%.
were reported to exhibit a single fluorescence band with large Ligand concentration dependence on the emission properties
Stokes shifts rather than a dual emission. In the case ofwas examinated and allowed to show the absence of chro-
compound, the preliminary resultd pointed to the contribution ~ mophore aggregation férandll at concentrations below 10
of a rather weakly polar excited state to account for the M.
comparatively small Stokes shift, consistently with the weak  2.3. Quantum Chemical Calculations.The input geometries
electron-withdrawing effect of the bpy substituent. were first fully optimized at different twist angles of bipyridine
The main purpose of this study is to provide better insights unit with respect to pyrene at intervals of 10°, using the AM1
into the knowledge of the photophysical properties of pyrene- Hamiltonian within the AMPAC prograrf® The excited-state
bpy dyads in relation to the excited-state behavior of their energies were obtained for each optimized ground-state geom-
corresponding metalated systems. Particularly, it is desirable etry using full configuration interaction in which 585 microstates
to get a clear picture of the electronic nature and conformational were kept using the MollefPlesset presort scherfreThe
properties of the lowest-energy singlet excited state of the free potential energies of the first two excited stateg(!lS) and
ligands| and |l following excitation into the pyrene moiety. ~ Sx('Ly), were obtained by combining the ground-state potential
Moreover, besides its potential interest as molecular wire for obtained from AM1 calculations with the gas-phase excitation
bridging two metal centers, free ligatidalso represents anew energies according 6
m-extended system in which the pyrene chromophore is sym-
metrically substituted with two acceptor bpy units. The proper- E(S) = EpadS) + AE(S,— S) 1)
ties of pyrene derivatives substituted with one aromatic nucleus
have been investigated recerititighly symmetrical molecules Due to the large uncertainty in defining the Onsager cavity
displaying large quadrupolar or octupolar contribution are of 5gjys of elongated molecules, the solvent stabilization energy
main interest in many areds. was not taken into account in eq 1. For the same reason, we

In this paper we report the steady-state and time-resolved did not attempt to calculate the dipole moment value from the
fluorescence emission properties of the free ligandss they solvatochromic shift.

were not reported previoushi2andll . Particularly the effects

of solvent polarity and temperature were investigated. It is well- 3. Results and Discussion
known that the angle of torsion around the- C bond between ) .
donor and acceptor moieties is a structural parameter that has_ 3-1- Electronic Absorption and Steady-State Fluorescence

a profound effect on ground- and excited-state properties of Em|55|on.The at_)sorptlon and steady-stat_e quorescencelspectra
dipolar moleculed’-28 Therefore the influence of the interan- &€ Shown in Figures 1 and 2, respectively, foand Il in

nular dihedral angleg, between pyrene and bpy units (Chart solvents of different polarity. A_s can be seen from Figure 1,_
1) on the calculated properties of the two lowest-energy excited (€ longest-wavelength absorption band for both compounds is

states i andll was investigated using semiempirical calcula- broad relativg to that of l—alkylpy.rene.derivativees _WhiCh are
tions in order to support the experimental data. known to exhibit well-separated vibronic barfds® It is also

found to be red-shifted as a result of a strong electronic
interaction between pyrene and bipyridine througbonjuga-
tion. This effect is particularly pronounced for ligatid the
2.1. Syntheses.The synthesis of compount has been lowest-energy transition band being found to be more red-shifted

2. Experimental Section

described elsewheté The bis(bipyridinyl)pyrene derivative,, (+20 nm) and broader than that in probably due to an
was synthesized via a palladium-catalyzed cross-coupling reac-extended conjugation pathway all over the triad moletiuie
tion between pyrene-1,6-diyldiborodieacid and 4-bromo-2,2’-  the ground state. The absorption and fluorescence emission data

bipyridine®’® in DMF (100 °C, 12 h) using 10 mol % of as a function of the solvent polarity are collected in Table 1.
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TABLE 1: Spectroscopic Data for | and Il in Solvents of
Different Polarity at 298 K: Absorption and Fluorescence
Transition Energy Maxima v, and v; and Stokes ShiftsAvg
(All'in cm 1)
solvent e Va Vi Avg
§ Compound
s HEX 1.92 29240 25974 3266
5 TOL 2.27 29155 25445 3709
2 THF 7.58 29070 25381 3689
< BN 20.3 29070 24510 4560
PN 28.86 29155 24510 4645
AN 35.94 29155 24390 4764
ProH 20.45 29155 23310 5844
EtOH 24.6 29155 23202 5953
MeOH 32.66 29155 22831 6323
250 360 3I50 400 Compound|
Wavelength (nm) HEX 1.92 27701 25126 2575
Figure 1. Electronic absorption spectra ¢fin n-hexane (1) and TOL 2.27 27624 24380 3244
acetonitrile (2) andl in acetontrile (3) at room temperature. THF 7.58 27624 24510 3114
BN 20.3 27778 24510 3268
PN 28.86 27778 24510 3268
AN 35.94 27778 23923 3855
ProH 20.45 27701 23310 4391
EtOH 24.6 27701 23256 4445
MeOH 32.66 27548 23256 4292
4 aThe solvent abbreviations are given in the Experimental Section.
% b ¢ is the static dielectric constant of the solvent taken from ref 47.
‘a spectra in nonpolar solvents display a vibrational structure and
2 a narrow half-height width, a value of 2417 cth(3030 cnT?)
- being found forl (Il) instead of 3372 cm' (3890 cnT1?) for
the corresponding absorption band in HEX. This points to a
narrower distribution of rotamers in the excited state with
different interannular twist angles between pyrene and bpy
fragments. An increase in solvent polarity is observed to lead
to a red shift and an increase of the half-height width (4651
cm~1for | and 3630 cm! for Il in AN) of the emission band
(Figure 2). The solvatochromic effect is characteristic of the
? emission from a polar excited state with a dipole moment that
o is bigger than that of the ground state. The Stokes shift values
%‘ in all the solvents and the Stokes shift difference between HEX
g and AN are found to be smaller féIr than forl. This indicates
£ that the solvent-equilibrated excited state is less polHr fhan
in I, consistently with the symmetric structure of the former.
The magnitude of Stokes shift difference observed from hexane

to acetonitrile in the more polar compouhd1498 cnt?) is
considerably less than for related donor/acceptor systems
_ , o incorporating the pyrene chromophdfe’-28Particularly it is
Figure 2. Normalized fluorescence emission spectra ofl (and (b) worth noting that the extent of charge transfer is also found to
Il in solvents of different polarity at 298 Kifx. = 340 nm forl and . . ! .
360 nm forll, <5 x 1077 M). be Iess_ than in the rglated dyad in which pyrene a_nd bpy moieties
are bridged by a triple bon#.Indeed the emission band for
They indicate that the position of the absorption maximum for the latter system was shown to be subject to a considerable
I andll does not change with the polarity, not even in the protic Stokes shift. This was attributed to the presence of the
solvents. The molar absorption coefficient of the lowest-energy ethynylene spacer acting as an electron-withdrawing substituent,
transition band is found to be around 25 000 MM for | which contributed to increase the stabilization of the ICT state
(at 342 nm) and 40 000 ™M cm™ for Il (at 361 nm) in all the relative to the locally excited one. Fluorescence emissidn in
solvents investigated. This is much higher than for pyrene and and a fortiori inll , is thus anticipated to occur to a larger extent
its 1-substituted derivatives that are known to possess afrom a locally excited-state having a higtxr* character and
forbidden L, state as lowest-energy excited state. Therefore less ICT contribution relative to the ethynylene-bridged com-
the lowest-energy transition Ih is not due to the pure forbidden  pound?!?® This is further substantiated by evaluating the exo-
1Lp and is likely to emanate from%. - type state. The situation  thermicity of the charge separation procesd ,iMGo, using
appears to be somewhat more complex in the case of ligand the Rehm-Weller equatior?’ The calculated value, using
as a shoulder at 380 nm is detected in the low-polarity solvent electrochemical data found in the literatdfds found to be
hexane but not in the polar solvents (Figure 1). This suggestsslightly negative, indicating that there is really not a large driving
the occurrence of a low-lyindl,, state in nonpolar medium. force in polar solvents for charge transfer to take place from
For all the solvents, the corrected fluorescence emission the excited pyrene donor to the bipyridine acceptor.
spectra of andll are found to be independent of the excitation Specific interactions with alcohol solvent molecules are
wavelength. In contrast to electronic absorption, the fluorescenceknown to increase ICT. Unlike the absorption spectra, the

400

450 550
Wavelength (nm)
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TABLE 2: Photophysical Properties of | and Il at 298 K2

solvent D¢ Tf Knr ke ke/ve3n3 Je duy ki/k;SB
Compound
HEX 0.48 8.1 6.4 6.0 12.8 1.0 0.2
TOL 0.52 6.0 8.0 8.8 15.8
THF 047 6.5 8.1 7.2 15.8 0.9 0.4
BN 0.56 55 8.1 101 27.0
PN 0.62 4.6 8.2 136 36.2
AN 0.64 4.7 7.6 137 38.9 1.0 0.5
PrOH 056 35 127 16.2 48.1
EtOH 0.66 3.5 9.8 1838 59.7
MeOH 015 31 274 4.7 16.8
Compound|
HEX 060 26 153 23.0 80.0
TOL 056 18 244 313 80.7
THF 065 20 174 327 65.6 1.5
BN 058 21 202 272 69.6
PN 056 22 204 26.0 69.8
AN 056 22 200 250 75.2
ProH 0.38 21 294 178 52.8
EtOH 039 21 289 183 57.7
MeOH 0.27 17 440 16.6 52.3

a Fluorescence quantum yields;, fluorescence lifetimes: (ns),
nonradiativek,, = (1 — ®y)/7¢ (107 s71) and radiative rate constarks
(107 s7Y), reduced radiative ratégv:3n® (10~ st cm®), integrated areas
of lowest-energy absorption bange dv, (M~! cm™?), ratios of
fluorescent rate to StricklerBerg rate constants/k:SB (see text). No
table entry means not determined.
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where
Jerydinny = —Z00_yy2 (4)
e\v ny,)=——/——
3hc10’In10 °
Therefore,
kM
PEYE ©
a

This ratio allows the comparison between the fluorescence rate
constantk;, determined experimentally, and the one obtained
from the electronic absorption spectrum using the Striekler
Berg equation (eq 3% A ratio value deviating from unity is
found for Il in THF, indicating a change of electronic or
conformational structure taking place in the excited-state S
According to the fluorescence data (vide supra), this effect is
to be related to excited-state angular relaxation. The value of
1.5 for the ratio in eq 5 points to the presence of a distribution
of rotamers in $with more planar geometries and having a
transition dipole moment\s) higher than in &(M,).

The photophysical study of the mono(bipyridyl) ligand,
allowed us to point to a significantly different behavior. The
higher Stokes shift values forrelative toll (Table 1) indicate
that angular relaxation processes are more effective in the
excited state of the former relative to the latter. The fluorescence

fluorescence emission bands of both derivatives are very quantum yields obtained fdrare also found to be significantly

sensitive to the protic character of the solvent. The effect of

high (50-60%) but to increase with solvent polarity (Table 2).

hydrogen bonding to the bpy nitrogen atoms is to produce an The fluorescence decay curves in all the solvents are monoex-
additional red-shift and a broadening of the emission band ponential on the nanosecond time scale and found to be same
(Figure 2, Table 1), as evidenced by comparing the data for at all the wavelengths monitored. Noteworthy is the significant

solvents of same polarity but of different proticity, such as
butyronitrile ¢ = 20.3) andn-propanol ¢ = 20.4).

3.2. Room-Temperature PhotophysicsThe photophysical
data forl andll are collected in Table 2. The fluorescence
quantum vyields for Il are found to be in the range of 0:55

0.60, independent of the polarity, and smaller in protic solvents
relative to the corresponding equipolar but aprotic solvent. The

fluorescence lifetimes forll are monoexponential in the

nanosecond regime, a constant value of 2 ns being measured i

all the solvents. To exclude the effect of the wavelength

and constant increase of the experimental and redkcedues

of | with increasing polarity of the aprotic solvents, the value
of the reduced radiative rate constant in acetonitrile being about
3 times higher than in hexane. Conversely, the nonradiative rate,
ko, shows no polarity dependence. According to eq 2, an
increase of the reduced radiative rate directly reflects an increase
in the fluorescence transition momeévitas a function of solvent
polarity. The ratio value obtained from eq 5 reaches less than

unity (Table 2) and increases with solvent polarity as a

"tonsequence of the higher emission probability in more polar

solvents as outlined above. These results point to a change in

dependence on the emission probability, reduced rate constantsgjectronic and/or molecular structure occurring between the

ki/n3v3, were calculated according to egt&!

_64r

3 3\ 2
3hnvfo

ki )

The reducedk values forll are thus found to be higher than
those forl and to remain constant with solvent polarity. These
observations support that fluorescence emissionlirs a
strongly allowed process originating fromrar* singlet excited
state having a stron}_, character irrespective of the solvent
polarity. Indeed the substitution on both the 1 and 6 positions
of the pyrene is known to induce a stabilization of the long-
axis polarized transitiof? Further information can be derived
from the consideration of the ratio given in eq 5, which is
independent ofs andn, and obtained by substituting eq 4 in
eq 31843

SB_ 87'[C103 In 10

ki N, v [e(vy) d(inv,) ©)

absorption and the emission process, the fluorescence transition
being less allowed than the absorption process. Moreover the
integrated absorption intensitye dv, which is proportional

to the oscillator strengtff, is found to be same in all the solvents
measured (Table 2). This indicates that the electronic and
structural properties of the ground and Fran€ondon excited
state responsible for the first absorption bantl@o not change
with the polarity. Given this, it is inferred that it is the nature
of the emitting excited state that is solvent sensitive. Two
possibilities can account for this effect: (i) a quantum chemical
mixing of closely lying allowed!Ltype and forbidderiL-

type excited states, leading to a mixed wave function for a single
conformation; (ii) a rotamer distribution in the excited state,
which is polarity dependent and different from that prevailing
in the ground state.

Finally, theky values for both compounds are found to be
larger in protic solvents than in nonprotic ones (Table 2), which
is consistent with the existence of additional radiationless
deactivation channels as generally observed in the case of
specific solventsolute interactions involving ICT molecules.
Protonation or coordination of zinc(ll) at the nitrogen sites of
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TABLE 3: Temperature Dependence of the Photophysical
220K Data of | in MTHF 2

temp, K ® 1w k ke temp,K & 7 kK

260K 300 052 65 80 7.3 230 0.87 56 155 2.4
200 058 60 96 7.1 220 088 55 160 2.2
280 062 60 104 63 210 091 50 183 1.7
068 6.1 110 53 200 091 48 189 1.9
260 072 58 124 48 190 093 47 200 15
250 077 59 13.0 39 180 0.94 40 208 15
240 080 57 141 3.4

a See footnote for Table 2.

77K

298 K

Intensity (CPS)
N
\,
o

400 450 500 550 corrected for the increase in absorbance (Table 3), are found to
Wavelength (nm) increase drastically with reducing temperature, reaching a value
Figure 3. Fluorescence emission spectralah MTHF at different of almost unity at 180 K. Nanosecond time-scale single photon
temperatures. counting measurements were performed fiorthe liquid phase
of the solvent MTHF, from 300 to 180 K, and the decays were
73K found to be perfectly_ mp_noexponential. Th_e lifetime values are
183 K found to decrease significantly upon lowering the temperature,
203K from 6.5 ns at room temperature to 4 ns at 180 K. Upon further
213K cooling of the samples below the freezing temperature of the
gigﬁ solvent, the fluorescence decays became multiexponential,
258 K indicating the emission from frozen conformers which cannot
298 K interconvert in rigid media. These data lead to the following
unusual behavior that is an increase of the radiative rate when
the temperature decreases. The temperature independence of the
radiative rate in the molecular electronic transitions is generally
taken as a rulé! One known exception however is the case of
intramolecular full CT states in which fluorescence emission is
thermally activated? Actually we observed the opposite effect
Wavelength (nm) in the case of compound
Figure 4. Absorption spectra off in MTHF as a function of The whole experimental data can be rationalized according
temperature. to a two-state model, as demonstrated in previous studies on
D/A systems in which intermixing between low-lying excited
the bpy unit was shown to induce the quantitative quenching states was connected to the existence in solution of a distribution
of fluorescence for both andll in acetonitrile. This is due to  of rotamersg14°Indeed, the lowest-energy state in compound
facile ICT formation resulting from the enhanced electron- could mix intoL, and!L, components, the extent of intermixing
withdrawing effect of the proton- or metal-bound bpy ligand. being dependent on temperature and solvent polarity. Therefore,
3.3. Low-Temperature Electronic Absorption and Fluo- an increase of thé_, parentage at low temperature or in polar
rescence EmissionThe absorption and fluorescence emission solvent could explain the enhancement of fluorescence emission
measurements at low temperature were done in the mediumprobability inl, as expressed bi. In the case of compound
polar solvent, 2-methyltetrahydrofuran (MTHF). The fluores- I, the result of substitution at the 1 and 6 positions of the pyrene
cence spectra dfandll in MTHF (Figure 3) exhibit an increase  chromophore is to provide strong stabilization of the low-lying
in intensity and a slight bathochromic shift with decreasing !Lastate relative to thél, state, thereby leading to the absence
temperature with respect to those recorded at room temperaturejn Il of intermixing. Consequently, the radiative rate is larger
the latter effect being probably due to the slight increase in than forl and not sensitive to solvent polarity and temperature.
polarity with decreasing temperature. At all the temperatures  3.4. Quantum Chemical Calculations.Quantum chemical
above the melting point of the solvent, the emission spectra arecalculations were performed in order to valid the above-
found to be same irrespective of excitation wavelength. De- mentioned model and also to get some insights into the ground-
creasing the temperature caused a red-shift and structuring ofand excited-state properties of compouhdsdIl as a function
the fluorescence excitation spectrum. In the casd,othe of the dihedral anglep. From the MM3 optimized structure,
fluorescence excitation spectra match the corresponding absorpthe more stable conformation inand Il is found to contain
tion spectra. Indeed, a hyperchromic effect and a bathochromicthe nonsubstituted pyridine ring twisted with respect to the other
shift for the longest-wavelength absorption band, along with one by o = 40°. This value was kept constant in all the
its structuring, can be observed as the temperature is graduallycalculations®® In the case of ligandl , the angular conforma-
decreased (Figure 4). This is due to the existence of ational processes have to be described by two dihedral angles,
temperature-dependent conformational distribution in the ground ¢1 and ¢», if one fixesoy and a, at the ground-state value.
state?’ In rigid solvent glass at low temperature (77 K), the However, the full theoretical description of the system remains
fluorescence emission spectra of both compounds are shiftedtoo complicated and calculations were performed assuiing
to higher energy and show the well-structured vibronic bands = ¢, and oz = a, = 40°. Under these oversimplifying
in agreement with the lack of solvent relaxation in rigid medium. conditions, it was found that the energy gap betwdanand
The lifetime value of ligandl was found to be independent 1L ,states inl (ca. 0.25 eV) tends to be twist-angle-independent
of the temperature, a constant value of the radiative rate constantand larger than for (0.02—0.1 eV), which indicates that theses
ki being obtained. The situation is quite different in the case of two states remain energetically well-separated in agreement with
I. The fluorescence quantum yields at various temperatures,the experimental results.

Absorbance

300 320 340 360 380 400
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Figure 5. Dependence of the potential energy foas a function of 26 S \_.
the twist angle between pyrene and bpy.
For compound, the variation of the ground-state energy as <22 \
a function of¢ is depicted in Figure 5, the value of being N,
kept at 40. It shows the existence of a rather flat minimum at 18 ':::'—'\ \\_ s
ca. 60, which is close to the twist angle value obtained for the ' —/ ~. B
lowest energy conformation of pyrene acetopheridesmall \‘*'\.:Z: 22(Lb)
barrier of about 10 meV appears at’9The rise in energy to ' ' ' N
reach the planar conformation Inis due to steric hindrances 0a ] T~
between peri and ortho hydrogen atoms in pyrene and bipyridine S
units. These observations confirm that a broad distribution of | T s (w)
conformers prevails in the gas phase at room temperature L L1 °
between 60 and 120The broad angular distribution with small - T Tl
energy barriers in the ground state fofFigure 5) allows one 0.02 /
to confirm the temperature dependence of the electronic e
absorption spectrum df (Figure 3). Indeed the red shift and 0'00__.\________,/
structuring of the lowest-energy absorption band upon cooling
is likely to originate from the narrowing of the Bolztmann T T AT j

T T
0 20 40 60 80

distribution around more planar conformations. Twist angle ¢

th The (."l?lfmaied p?&:tlal lertwterc?les],c thet.dlpolfetrr]notw:e?m“ldl Figure 6. Twist angle-dependent calculated properties of the two low-
€ oscillator strengthsare plotied as function ot the twist angle, lying excited states fdrin the gas phase using fully optimized ground-

¢, for compound! in Figure 6a-c. The oscillator strengths  siate geometries: (a) potential energies according to eq 1; (b) excited-

(Figure 6c) and dipole moments (Figure 6b) of th&'8,) state state dipole moment, energies; (c) oscillator strength,

are found to be higher than those of the(*) state in the gas

phase. Moreover, the dipole moment values for(',) are compoundsl| andll, in which the pyrene nucleus is connected
relatively low (2-2.8 D) as compared to pyrene derivatives via a single C-C bond to one and two bypiridine units,
containing strong donor or acceptor grodps’?8 This is respectively, as a weak electron acceptor group. Even in polar

consistent with the small experimental solvatochromic shift. solvents, the ICT state is not strongly stabilized and the
Figure 6b shows that the more twisted is the geometry, the lessflyorescence emssion frandll is controlled by mixing between
polar is the $ ('La) excited state. Due to the low values of the allowed!L, and forbidden'L, zzz* states of the aromatic
energy barriers between sets of conformers (Figure 6a), thechromophore. The extent of this interaction, and also the angular
conformational distribution in Sis expected to be broad and geometry of the excited state, are subject to the influence of
shifted toward more perpendicular geometries in the gas phasemperature and solvent polarity, which allows one to fine-tune
or in nonpolar solvents and, conversely, toward more planar he fluorescence emission properties.a€ompound! presents
species in d|polar'solvents. It must be noted that Fhe calculations 4 very high emission transition probability becauselthestate
suggest a flattening of the molecule in the excited state after s greatly stabilized, experiencing thus little influence from the

relaxation from the FranekCondon state, a situatior_1 which is higher-energyLs, state. The bpy-substituted pyrene derivatives,
thus more probable in more polar solvents. The interannular especially the ditopic ligandl, appear as very promising

twist angle value is about 4finstead of ca. 60in the ground  gineered molecular systems endowed with fluorescence
state, the energy barrier to “?aCh the perpendicular geometryg iggion ang complexation properties. They can serve as
being around 90 meV. From Figure 6a, the energy gap bew"eenprototype structures for the development of newsystems of

1 i is twist- -
the allowed®L, and the fqrb|ddenlLb state Is twist angle well-defined shape and length with light-sensitive properties
dependent and thus solvation-dependent. This supports a tWOasirable for molecular photonic devices

state model in which switching from a less allowiég-type to

a more allowed'Ltype S emitting state is operative as the K | hank . .
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